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Solutions within.

NEW! Titan™ UHPLC Columns
Starting under $300

Titan UHPLC columns provide the performance
scientists expect (typically >250,000 N/m),
but at a greatly reduced cost. Get yours today!

& Totally Porous, Monodisperse Silica

-

‘sb\, - )
/ Explore the solutions within

For new product information,
ordering and real time availability, visit

\\ I sigma-aldrich.com/titan
T

/ More Details >

SIGMA-ALDRICH*
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Solutions within."

Outperforms other UHPLC
columns with the narrowest

Titan C18 Performance Comparison in Acetonitrile

Comparison of the Titan performance to commercially available sub-2 um columns

Dionex™ 3000 (Low D tubing)

particle size distribution

column: 5cm x 3.0 mm I.D. 1. Uracil
Of any Su b'2 “m tOta”y mobile phase: 60% acetonitrile 2. Diazepam
. temp: 35°C 3. Toluene
porous part|C|eS flow rate: 0.9 mL/min (4 mm/s) 4. Naphthalene
detection: 254 nm 5. Biphenyl
The Titan™ C18 UHPLC columns are based 3
on 1.9 um totally porous, monodisperse silica 5
particles. These particles are the result of a newly ;
developed, patent-pending, Ecoporous™ silica Titan C18, 1.9 um ! 4 5
: N=14710
manufacturing process. N/m = 204200
h=175
; ; . 0=105
Titan delivers: e ]
e Efficiency > 250,000 N/m, comparable to = v
leading UHPLC columns . '
e Narrow particle size distribution translates to :
rugged, reliable performance
. Competitor A C18, 1.8 pm 2
e Agreat value, available at half the cost of other N 0960
UHPLC columns N/m= 185,200 ! 4 2
h=3.18
o0=1.02

For new product information,
ordering and real time availability, visit

sigma-aldrich.com/titan

©2014 Sigma-Aldrich Co. LLC. All rights reserved. SIGMA-ALDRICH and SUPELCO are trademarks
of Sigma-Aldrich Co. LLC, registered in the US and other countries. Ecoporous and Titan are
trademarks of Sigma-Aldrich Co. LLC. Dionex is a registered trademark of Thermo Fisher Scientific.
Solutions within is a trademark of Sigma-Aldrich Co. LLC.

Pressure*=4,650psi

20

Competitor B C18, 1.7 um

N=19,783

N/m= 195,700 1 5
h=2.84 4

o=1.16

Pressure*=4,900psi

*Total System Pressure

12071
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NAME TO CALL

Agilent CrossLab delivers quality parts and supplies, tested to ensure
seamless performance with major brands of GC and HPLC instruments.
Our expert service engineers are certified to repair, maintain and
ensure regulatory compliance of instrument platforms from all major
manufacturers. And with the CrossLab Stand Behind Warranty, you
get confidence, not compromise.

The Mealsure| of Confidence

Agilent
STAND Learn why we should be
BEHIND| Your trusted source at ross a

WARRANTY |  agilent.com/chem/CrossLab SUPPLIES | SERVICES

Agilent Technologies
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U # | HPLC Polymers 101

% The power of polymeric columns

Polymer HPLC columns have a lot of benefits. They don’t require

any functionalization for reversed-phase separations, and rigid
polymeric supports intrinsically resist chemical and pH degradation,
a fundamental problem with silica columns. Plus, polymer’s inertness
to most chemical environments makes it a robust and

economical solution.

Hamilton offers a line of pH stable polymer HPLC columns for
reversed phase, anion exchange, cation exchange and ion exclusion
separations perfect for pharmaceuticals, small molecules, proteins,
peptides, DNA, organic and inorganic ions and more.

Advantages of polymer over silica

pH range of 1-13
Widest chemical compatibility
Temperatures higher than 60 °C

Maximum sample recovery

T 1S SeUACR

Longest average life span

To learn more about how polymer columns can perform
for you, visit www.ham-info.com/0805-1
or call toll free 1-888-525-2123.

© 2014 Hamilton Company. All rights reserved
Images Copyright Rangizzz and Carolina K. Smith, M.D., 2014
Used under license from Shutterstock.com

T HAMILTON
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Environmental & Analytical Standards

A

IS0 Guide 34:2009 Accredited

* Over 13,000 Reference Standards
 Custom Synthesis
o Quick Delivery

STANDARDS YOU CAN RELY ON!
 High Quality: High purity chemicals for use as certified reference materials.
e Cost Effective: Products packaged in small quantities to minimize expenses.

® Wide Selection: 1,200+ pesticide and metabolite reference standards
(including banned and discontinued items).

o Certification backed with experience: Over 50 years of experience.
1SO Guide 34:2009, 1S0 9001:2008, and ISO/IEC 17025:2005 certification.

Toll Free: 1-800-452-9994
Direct: 610-692-3026 * Fax: 610-692-8729

bEn ONLINE  New CATALOG!
: request a FREE copy
Chemsgrvice.com (Print, CD-ROM or electronic version)

selective GC detection for complex matrices

CATALYTIC COMBUSTION IONIZATION

(TID-10 Ceramic lon Source & Oxidizing Detector Gas)

CCID - transient flame
ignition as compounds
with chains of CH,
groups impact a hot

GASOLINE ANALYSIS

TID-10 ceramic
surface - selective for
Alkanes, Alkenes,

FAMEs, Triglycerides,
etc., but no Aromatic
or Cyclo-HC response

CCID

selectivity for Saturate
vs. Unsaturate Carbon 1
bonds is achieved by
adjusting Oxygen level
in the detector gas

Cx=n-Alkanes

iso-Alkanes
3=Methylheptane

4=Methyloctane
c7 c8 Cc9

c10

Oxygenates
1=Ethanol

surface ionization on 2=iso-Propanol

TID-10 ceramic also
adds responses for IR R S S R
Oxygenates & Pyrrole

functional groups.

486 N. Wiget Lane, Walnut Creek, CA 94598
tel: 925-937-4203, email: detplp@aol.com
www.det-gc.com

DETector
Engineering &
Technology, inc.

www.chromatographyonline.com

| — B B NG]

L \a\o

north america

MANUSCRIPTS: For manuscript preparation guidelines, see
chromatographyonline.com/Authorinfo, or call The Editor, (732) 596-0276. LCGC
welcomes unsolicited articles, manuscripts, photographs, illustrations, and other
materials but cannot be held responsible for their safekeeping or return. Every
precaution is taken to ensure accuracy, but LCGC cannot accept responsibility for
the accuracy of information supplied herein or for any opinion expressed.
SUBSCRIPTIONS: For subscription and circulation information: LCGC, P.O. Box
6168, Duluth, MN 55806-6168, or call (888) 527-7008 (7:00 a.m.-6:00 p.m. central
time). International customers should call +1-218-740-6477. Delivery of LCGC
outside the United States is 14 days after printing. For single and back issues,
call (800) 598-6008 or (218) 740-6480. (LCGC Europe and LCGC Asia Pacific are
available free of charge to users and specifiers of chromatographic equipment in
Western Europe and Asia and Australia, respectively.)

CHANGE OF ADDRESS: Send change of address to LCGC, P.O. Box 6168, Duluth,
MN 55806-6168; alternately, send change via e-mail to magazines@superfill.com
or go to the following URLs:

e Print: https://advanstar.replycentral.com/Default.aspx?PID=469

¢ Digital: https://advanstar.replycentral.com/?PID=469&V=DIGI

Allow four to six weeks for change. PUBLICATIONS MAIL AGREEMENT No.
40612608. Return all undeliverable Canadian addresses to: IMEX Global Solu-
tions, P.O. Box 25542, London, ON, N6C 6B2, CANADA. Canadian GST number:
R-124213133RT001.

DIRECT MAIL LIST RENTAL: Contact Tamara Phillips, tel. (440) 891-2773, e-mail
TPhillips@advanstar.com.

REPRINTS: Reprints of all articles in this issue and past issues of this publication
are available (500 minimum). Call 877-652-5295 ext. 121 or e-mail bkolb@wrights-
media.com. Outside US, UK, direct dial: 281-419-5725. Ext. 121

MARKETING DEVELOPMENT/CLASSIFIED: Contact Tod McCloskey, tel. (440) 891-
2739, fax (440) 826-2865.

RECRUITMENT: Contact Tod McCloskey, tel. (440) 891-2739, fax (440) 826-2865.
INTERNATIONAL LICENSING: Contact Maureen Cannon, tel. (440) 891-2742, fax
(440) 891-2650, or e-mail mcannon@advanstar.com.

% merican
@BPA biins

The Association of Business Information Companies

WORLDWIDE"
BUSINESS

©2014 Advanstar Communications Inc. All rights reserved. No part of this publica-
tion may be reproduced or transmitted in any form or by any means, electronic or
mechanical including by photocopy, recording, or information storage and retriev-
al without permission in writing from the publisher. Authorization to photocopy
items for internal/educational or personal use, or the internal/educational or per-
sonal use of specific clients is granted by Advanstar Communications Inc. for librar-
ies and other users registered with the Copyright Clearance Center, 222 Rosewood
Dr. Danvers, MA 01923, 978-750-8400 fax 978-646-8700 or visit http://www.copy-
right.com online. For uses beyond those listed above, please direct your written
request to Permission Dept. fax 440-756-5255 or email: mcannon@advanstar.com.

Advanstar Communications Inc. provides certain customer contact data (such as
customer’s name, addresses, phone numbers, and e-mail addresses) to third par-
ties who wish to promote relevant products, services, and other opportunities that
may be of interest to you. If you do not want Advanstar Communications Inc. to
make your contact information available to third parties for marketing purposes,
simply call toll-free 866-529-2922 between the hours of 7:30 a.m. and 5 p.m. CST
and a customer service representative will assist you in removing your name from
Advanstar’s lists. Outside the U.S., please phone 218-740-6477.

LCGC North America does not verify any claims or other information appearing
in any of the advertisements contained in the publication, and cannot take re-
sponsibility for any losses or other damages incurred by readers in reliance of
such content.

To subscribe, call toll-free 888-527-7008. Outside the U.S. call 218-740-6477.

Advanstar Communications Inc. (www.advanstar.com) is a leading worldwide media company
providing integrated marketing solutions for the Fashion, Life Sciences and Powersports indus-
tries. Advanstar serves business professionals and consumers in these industries with its portfolio
of 91 events, 67 publications and directories, 150 electronic publications and Web sites, as well
as educational and direct marketing products and services. Market leading brands and a commit-
ment to delivering innovative, quality products and services enables Advanstar to “Connect Our
Customers With Theirs." Advanstar has approximately 1000 employees and currently
operates from multiple offices in North America and Europe.
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SCION GC GC Systems SCION SQ &TQ GC-MS Systems aurora Elite ICP-MS Systems  EVOQ LC-MS LC-MS Systems

Innovative Chromatography and Mass Spectrometry Systems for Chemical Analyses

B Robust, powerful and easy-to-implement analytical system solutions for any challenge

B [ntegrated instrument and software systems optimized to enhance the productivity and
capabilities of any analytical laboratory

m Market leading portfolio of technologies, tools and solutions including GC, GC-Single Quads,
GC-Triple Quads, LC-Triple Quads, ICP-MS, ESI-Q-TOF, LC-lonTrap, FTMS and MALDI-TOF/TOF

m Consistently and expertly supported to ensure you meet all your goals

Contact us for more details at cam-sales@bruker.com

GC, GC-MS, LC-MS, ICP-MS
Innovation with Integrity
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s COLUMN WATCH

In-Capillary Sample Concentration in CE

Michael C. Breadmore and Cari E. Singer-van de Griend
Stacking and sweeping injection methods are compared
and practical suggestions are provided about how to
enhance sensitivity for charged and neutral compounds.

N (C TROUBLESHOOTING

LC Method Scaling, Part Il: Gradient Separations
John W. Dolan

If scaling isocratic separations is so simple, why is gradient
scaling so confusing?

M c connecTions
The Storage and Use of Gases for Gas Chromatography
John V. Hinshaw
A discussion on the safe storage and use of calibration,
carrier, and detector gas cylinders for small or large organizations

Mixed-Mode HPLC Separations: What, Why, and How
The mechanisms of mixed-mode chromatography are
explained, with reference to the parameters that are

used to optimize selectivity and retention.

PEER-REVIEWED ARTICLES

200

210

Analysis of Amphetamines and Synthetic

Cathinones in Hair Samples Using LC-Tandem

Mass Spectrometry and Solid-Phase Extraction

Albert A. Elian, Jeffery Hackett, and Kerrie T. Donovan

An efficient method for forensic analysis of amphetamines and
synthetic cathinones — the illicit drugs often called “bathsalts” —
in hair samples

Application of Pyrolysis—Gas Chromatography—Mass
Spectrometry for the Identification of Polymeric Materials
Peter Kusch, Gerd Knupp, Wolfgang Fink, Dorothee Schroeder-Obst,
Volker Obst, and Johannes Steinhaus

This pyrolysis—GC—MS method enables direct analysis of solid or
liquid polymers without sample pretreatment, as illustrated here for
various materials, including a dental filling material and a car

wrapping foil.
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FEATURING LE TECHNOLOGIES

Introducing the world’s most comprehensive data management platform.

Your instruments. Your systems. Your samples. Your people. NuGenesis® 8 integrates them all. That’s data
management, eLab notebook and laboratory execution capabilities on a single platform. Now science-driven,
business-minded organizations like yours can capture, catalog, access and deliver information with more insight
than ever before. Easy access to this insight means better collaboration. And, in the end, greater results.

To experience the power of NuGenesis 8 for yourself, visit waters.com/nugenesis8.
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Daniel W. Armstrong to Receive ACS Award

in Separation Science and Technology 2014

Daniel W. Armstrong, a professor of chemistry and bio-
chemistry at the University of Texas Arlington in Arlington,
Texas, is to receive the 2014 American Chemical Society
Award in Separations Science and Technology. This is the
second time this year that the ACS has recognized the work
of Armstrong — in August last year he was selected to join
the ACS Class of Fellows 2013.

The award, sponsored by Waters Corporation, recognizes
“the development of novel applications with major impacts
and/or the practical implementations of modern advance-
ments in the field of separation science and technology.”

It will be presented to Armstrong on March 17 at the ACS
national conference in Dallas, Texas.

Armstrong is thought of as a leader in his field and is con-
sidered to be the “father” of pseudo-phase separations — a
type of chromatography that lowers costs, volatility, and tox-
icity while providing higher selectivity than other analytical
methods. His commercialized innovations are applied across
the drug development, environmental analysis, and petro-
chemical industries.

In his career, Armstrong has developed more than 30 dif-
ferent chromatography columns — a gas chromatography
column that he developed is now part of the Rosetta mission
of the European Space Agency exploring the composition of
comets in space.

Purdue Research Foundation

Invests in Two Start-up Companies

The Purdue Research Foundation (West Lafayette, Indiana)
has awarded $150,000 in investment to two companies that
have licensed Purdue University Innovations: Telos Discovery
Systems Inc., and bioVidria Inc. The investment is from the
Emerging Innovations Fund, which was set up in 2008 to
accelerate the commercialization of early stage technologies
in the Purdue community.

The company bioVidria Inc., received $75,000. It is based
on the work of Mary J. Wirth, the W. Brooks Fortune Dis-
tinguished Professor of Analytical Chemistry in the Depart-
ment of Chemistry. The company focuses on developing
new materials for chromatography, specifically protein
analysis, for the pharmaceutical and agricultural industries.

Telos Discovery Systems Inc., also received $75,000. The
company is a boutique equipment manufacturer that sup-
ports basic and discovery medical research. The company is
based on the work of Joseph Garner, a former Purdue asso-
ciate professor in the Department of Animal Sciences.

Elizabeth Hart-Wells, assistant vice president and direc-
tor of the Purdue Office of Technology Commercialization
said: “The fund makes seed investments and early-stage
investments in the form of convertible debt and/or war-
rants, with a goal of accelerating the commercialization
of early-stage innovations.” m

ﬂt!/ New videos from LCGG

KOEN SANDRA ON ANALYZING
BIOPHARMACEUTICALS WITH LC-MS
By 2020, more than 50% of approved
S8 drugs are expected to be protein bio-
pharmaceuticals. Koen Sandra from the
Research Institute for Chromatography
in Belgium discusses the challenges of characterizing
protein biopharmaceuticals and why LC-MS is now
indispensable for characterizing this class of drugs.

\
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%

Other recent LCGC TV interviews include:

Dwight Stoll of Gustavus Adolphus College on 2D LC
Mary Ellen McNally of DuPont Crop Protection on the
proper use of an internal standard

Michal Holcapek on trends in LC-MS

e Frederic Lynen on analyzing drugs and metabolites in

biological matrices

Visit http://www.learnpharmascience.com/Icgc
to see these videos and more.

IS THERE AN APP FOR THAT?

HIGHLIGHTS OF APPS FOR SEPARATION SCIENCE
ol 4G 100% (@= 11:59 AM

APP NAME: HPLC Troubleshooting Guide
OFFERED BY: Thermo Scientific

PLATFORMS: Android, iPhone (optimized for
iPhone 5), iPad, iPod Touch

WHAT IT DOES: This app diagnoses various
potential issues with HPLC analysis. Solutions range
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In this installment, guest
authors and capillary
electrophoresis (CE) experts
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van de Griend bring a
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enhancing the sensitivity of
CE. They compare stacking
and sweeping injection
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compounds.
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In-Capillary Sample
Concentration in CE

ne of the most frequently cited

concerns in capillary electro-

phoresis (CE) is that the con-
centration limits of detection are infe-
rior to what can be achieved with liquid
chromatography (LC) (1). Extensive
research has been carried out to over-
come this limitation and now there are
many different ways to increase sensitiv-
ity by controlling the way the sample
is injected, how it is prepared, and how
the targets are separated. After all, the
concentration in the sample vial does
not need to be the same as the concen-
tration needed for detection if we can
concentrate on-line. Early researchers in
the field diluted samples in the electro-
lyte (parallel to dissolving or diluting in
eluent in LC); however, doing so dilutes
the target analytes, further reducing
sensitivity. A better approach is to use
the sample straight, which means that
the composition of the sample plug
is different from the composition of
the electrolyte. Although intuitively
this may not seem like a smart idea,
depending on the exact analyte and
conditions there may be a significant
difference in their migration behavior
in the sample zone compared to their
migration behavior in the electrolyte.
Very early researchers realized that this
approach could enhance sensitivity.
A brief search of the literature yields
many excellent research papers and
reviews (1-5), with different kinds of
concentration mechanisms occurring
because of different analyte, matrix, and
electrolyte properties. Table I gives an
overview of the most frequently used
concentration techniques; as can be
seen there are quite a number of them.
It is worthwhile noting that these are
the most common single concentra-
tion approaches used. It is possible to

combine multiple mechanisms to pro-
duce even more powerful approaches;
however, these are more complex.
Most reviews discuss the various tech-
niques from the mechanistic point of
view. Here, we’d like to consider these
options from a practical point of view
and ask the question: I have XYZ in my
sample; how do I improve my sensitiv-
ity? After all, in real life one usually
cannot pick all conditions and sample
matrices to suit a theoretically useful
technique; instead, one has to work
from the situation at hand.

Velocity Differences

First of all, the fundamental premise of
concentration in CE comes back to cre-
ating a different velocity of the analytes
of interest in the sample zone compared
to their velocity in the background
electrolyte (BGE) (6). There are many
different techniques based on a change
in velocity. Each technique has its own
abbreviation, but the only difference
may be a change in direction of the
electroosmotic flow (EOF). These tech-
niques fall into two groups: stacking
techniques and sweeping techniques.

If the velocity in the sample zone is
higher than in the BGE (Figure 1b),
the technique is generally called stack-
ing (7). When stacking, the analytes
quickly migrate through the sample
zone to the electrolyte boundary where
they slow down and “stack” together
on the boundary with an increase in
concentration and, thus, sensitivity
(Figure 1b). In so-called sweeping tech-
niques, in contrast, the velocity in the
sample zone is slower than the veloc-
ity in the electrolyte. As the boundary
between the electrolyte and sample
moves through the sample matrix,
analytes are concentrated around this
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Table I: In-capillary sample concentration in CE

Electric Field Strength Induced Velocity Differences

The analyte velocity in the sample zone is faster than the analyte velocity in the BGE

Field-amplified sample stacking
(FASS)

Sample has low conductivity (<1/10 BGE), so the local field strength is high and local velocities are
high. The analytes slow down and are stacked when entering the BGE.

Field-amplified sample injection
(FASI)

Sample in a low-conductivity matrix is injected electrokinetically. The local field strength is high,
increasing the amount injected. If the EOF can be suppressed, long injection times are feasible.
Injection is discriminative.

FASI with solvent plug

Same as FASI, but a solvent plug is injected with the sample for low conductivity and high local field
strength.

Large volume sample stacking
(LVSS)

A large sample plug is injected. The sample matrix is continuously removed by applying a reversed
voltage during stacking.

Large volume sample stacking
with an EOF pump (LVSEP)

A large sample plug is injected. The sample matrix is continuously removed by the reversed or sup-
pressed EOF in the sample zone (compared to the EOF in the BGE).

Micellar electrokinetic chroma-
tography (MEKC) stacking

pH-Induced Velocity Differences

Dynamic pH-junction

Low concentration of pseudo-stationary phase (PSP) moves rapidly through low conductivity sam-
ple (<1/10 BGE). PSP with analyte stacks at boundary between sample and electrolyte.

The analytes have a higher mobility in the sample zone and will be stacked at the boundary with the BGE

pH-mediated FASS
Sweeping

Sweeping

The sample is injected between a strong base and strong acid. When the voltage is applied, the
OH- and H* migrate through the sample zone and neutralize, thus reducing the conductivity.
Stacking can then take place.

The analyte velocity in the sample zone is slower than the analyte velocity in the BGE. Sample without
PSP is injected onto a system with a PSP BGE. The analytes are concentrated at the front of the PSP zone
moving through the sample zone. Conductivity of sample equivalent to BGE.

Micelle to solvent stacking (MSS)
and analyte focusing by micelle
collapse (AFMC)

Isotachophoresis

Transient isotachophoresis (tITP)

In-Capillary SPE

In-capillary solid-phase
extraction (SPE)

Liquid-Phase Microextraction

Single-drop microextraction
(SDME)

The sample is mixed with micelles, the BGE is micelle-free. The micelles collapse when meeting the
solvent or the BGE. The analytes are concentrated at the boundary.

The sample is injected between a higher mobility co-ion (leading electrolyte) and a lower mobility
terminating electrolyte. When the voltage is applied, the analytes sort in order of mobilities. The
concentrations in the analyte zones depend on the concentration of the LE (Kohlrausch regulation
function).

A small SPE column is manufactured inside the capillary. Analyte is extracted through conventional
chromatographic principles and eluted in solvent for electrophoretic analysis. Easily automated,
attractive for low-volume samples.

Analytes are extracted into a small organic drop suspended at the tip of the capillary. Contents of
the drop are then analyzed by electrophoresis. Can be performed in commercial instrumentation
with no modifications.

In-vial supported liquid
membrane (SLM)

Organic liquid is held in a thin membrane. Analytes are extracted from sample through organic
phase into aqueous acceptor. Can be performed in-vial.

In-vial electrokinetic
microextraction (EME)

Similar to in-vial SLM, except a voltage is applied across the membrane to enhance transport of
charged species through the organic phase.

moving boundary and are considered
to be “swept” together with an increase
in concentration and, thus, sensitivity
(Figure 1c) (8).

The Easiest Way: FASS

So if we want to create a concentrating
effect inside the capillary, we have to
ensure that the analyte has a differ-
ence in velocity between the sample
zone and BGE. In an electric field, the
velocity of an analyte is directly pro-
portional to its electrophoretic mobility,
which is governed by charge, size, and
the electric field strength. This means
that we need to know the analyte’s
physical-chemical properties. The first

question in the decision process (see
Figure 2) is as follows: Is the analyte
charged? (And yes, whether the species
is anionic or cationic is important, but
only for determining the conditions to
use when implementing the method;
this does not matter when choosing the
ideal approach for concentration.) If the
analyte is neutral, then you need to use
affinity approaches to achieve concen-
tration, which are discussed later on.
The second question is as follows:
Does the sample matrix have a lower
conductivity than the BGE? If yes, then
field-amplified sample stacking (FASS)
may well work (Figure 1b). This is the
simplest approach because the lower

conductivity of the sample zone auto-
matically means that the field strength
in the sample zone is higher than in
the BGE. If the mobility of the analyte
remains the same, then stacking will
occur as a higher field strength results
in a higher velocity without any other
active manipulation (there is nothing
you can do about it except to remove
the conductivity difference). This is
the reason that it is preferred to have
the sample dissolved or diluted in
something that has a lower conductiv-
ity than the BGE, including diluted
BGE, pure water, or organic solvents.
Ethanol, dimethyl sulfoxide (DMSO),

and acetone can give even better results
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Figure 1: Concentrating in CE. Creating velocity differences of the analyte in the
sample zone versus the velocity of the analyte in the BGE. (a) Initial situation after
injection and before applying the voltage. (b) Stacking, the analyte has a higher
velocity in the sample zone than in the BGE. (c) Sweeping, the analyte has a lower
velocity in the sample zone than in the BGE.

How Much Is Injected?
How much sample you should inject in CE depends on your injection method.

In hydrodynamic injection, the injection volume is determined by the following
equation:

_ Apdime
128 L

The volume (V) of sample injected depends on the injection time (#) and pressure dif-

ference (Ap), the viscosity (1)), the capillary diameter (&), and total capillary length ().

In electrokinetic injection, the injection volume is determined by the follow-
ing equation:

_ (ptp) End*Cr

- 4

The amount (Q) injected of a certain analyte depends on the analyte’s effective

Q

mobility (i, + ) and concentration (C), the capillary diameter (), the applied
electric field (£), and the injection time (#). Electrokinetic injection is a selective or
discriminative injection mode as analytes with different mobilities are injected in
different amounts.

www.chromatographyonline.com

than pure water (9). As a consequence
of the stacking effect, a larger volume
than the usually mentioned 1% of the
capillary volume can be injected. As

a rule of thumb, injection volumes up
to 5% of the total capillary volume are
feasible with FASS, with enhancements
in sensitivity typically less than about
50 achieved. Larger volumes do not
produce further improvements because
of mismatches in EOF, which causes
hydrodynamic dispersion, a loss of effi-
ciency (10,11), and decreased reliability
because of the occurrence of bubbles.

When a Higher

Concentration Is Needed

The sidebar “How Much Is Injected”
provides some help in calculating the
injected volumes or amounts. Some-
times a greater increase in concentra-
tion is required than can be achieved
in FASS. This is easiest if the sample
matrix has a controlled and constant
composition. In such a case, field-
amplified sample injection (FASI) (12)
(also called field-enhanced sample injec-
tion [FESI]) and large-volume sample
stacking (LVSS) can be easily used.

The only difference between FASS and
FASI is the injection — for FASI, elec-
trokinetic injection is used. Because the
amount injected is strongly dependent
on the local field strength, the sample
matrix conductivity should be constant.
A variable sample matrix composition
will result in variable amounts injected,
which is why for all practical purposes
FASI requires a controlled sample com-
position. The same is true for LVSS for
similar reasons. In LVSS, the sample
matrix is removed either through polar-
ity switching (denoted LVSS) (10) or
EOF pumping (denoted large-volume
sample stacking with an EOF pump
[LVSEP]) (13).

If the matrix varies, local field
strengths vary and timing becomes an
issue, resulting in variable concentra-
tion effects and migration times. To
some extent these problems can be
compensated for with an internal stan-
dard, but method performance (detec-
tion limit, repeatability, and so on)
will be compromised so it is better to
address the cause of the problem, rather
than doing a patch-up job with duct
tape and silly putty.
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Figure 3: Isotachophoresis (ITP), (a) initial conditions with injection of sample between
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If the matrix composition is variable,
we first look again at the analyte: Is
it a weak base or acid? If yes, stacking
with a dynamic pH junction (6,14), also

called a moving neutralization bound-

ary (15), is feasible. Here, the BGE and

sample composition are selected such

that there is a difference in charge,

www.chromatographyonline.com

because a charge difference will also
result in different velocities between
the sample and BGE zone. It is impor-
tant to note that it is not necessary to
completely reverse the charge; a simple
change from charged to neutral may

be sufficient if the system is designed
correctly. If the answer is no, sweep-
ing techniques may be appropriate.

In sweeping, analyte affinity for a
pseudo-stationary phase (PSP) is key.
When the PSP migrates through the
sample zone, analyte molecules are con-
centrated at the front of the PSP as it
moves through the sample zone (Figure
1c) (8). If the PSP is a part of the BGE,
such as in micellar electrokinetic chro-
matography (MEKC), it is called sweep-
ing. If the PSP is in the sample and

the BGE is PSP-free, then when the
micelles migrate into a PSP-free zone,
the concentration of the surfactant
reduces to below the critical micelle
concentration and the micelles collapse,
releasing the analytes. This was first
introduced for neutral species as analyte
Jocusing by micelle collapse (AFMC),

but has been applied to charged species
with organic solvents to collapse the
micelles and is then called micelle to
solvent stacking (MSS). It is important
to note that the mechanism of sweep-
ing and MSS still function with a
variable matrix, but there may be some
resultant variability in the final separa-
tion. Nevertheless, similar to isotacho-
phoresis (ITP), discussed below, these
approaches are very useful for samples
with a variable matrix.

High-Conductivity

Sample Matrix

If the sample matrix has a high con-
ductivity, it is important to consider
off-line cleanup. From the discus-

sion above and from the decision tree
(Figure 2), it can be seen that with a
lower conducting sample matrix, many
approaches can be used for successful
sensitivity enhancement. If the sample
matrix has a high level of conductiv-
ity but off-line cleanup is not feasible,
there are some options available. These
are based on creating velocity differ-
ences by sweeping or MSS, by manipu-
lating the charge by pH-mediated
techniques (such as pH-mediated FASS
or dynamic pH junction), or by ITP.
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Of these, pH-mediated FASS is an
interesting and unique approach that
induces a FASS effect in an indirect
manner (16). In this approach, sample
is injected electrokinetically, and for
anions, the electrolyte would contain a
weak base, like ammonium, such that
during injection the anions migrate
into a zone where the counterion is
ammonium (not sodium as it may have
been in the sample). After injection of
the sample, there is a short electroki-
netic injection of base (or acid for cat-
ions). The base migrates into the sam-
ple zone (hydroxide and hydronium
have a high mobility) and titrates the
buffer counterion into water, thereby
producing neutral species and reducing
the conductivity of the sample zone.
With this change in conductivity, there
is now a higher electric field over the
sample and FASS can occur. Although
this is a very clever approach, it is not
easy to optimize the conditions to
achieve the outcome required.

Transient ITP

Perhaps the most attractive approach
for charged species in samples with a
high conductivity matrix is to use iso-
tachophoresis (ITP) (Figure 3). ITP is
one of the oldest forms of CE and prob-
ably the most intimidating — and also
poorly understood by many experienced
practioners of CE. In ITP, the sample is
sandwiched between a leading electro-
lyte and a terminating electrolyte. The
leading electrolyte has an ion with the
same charge as the analyte but with a
higher mobility. The terminating elec-
trolyte has an ion with the same charge
as the analyte but a lower mobility. The
sample analytes sort in migration order
and are concentrated to obtain the same
conductivity in each analyte zone. The
mobility and concentration of the lead-
ing electrolyte determine the concen-
trating effect on the analytes, according
to the Kohlrausch regulation function,
and the mobility window between the
leading and terminating ions provides

a zone in which the analyte range

can be selectively tuned. The unique
mechanism of ITP makes it the great
equalizer. Macrocomponents are diluted
and trace components are concentrated,
making ITP exceptionally useful as a
stacking technique.

The simplest way to use ITP is to
perform transient ITP (¢ITP) (17).
Here, a short ITP stage is induced
before the CE separation. Transient ITP
can be done by injecting small volumes
of leading and terminating electrolytes
on either side of the sample; alterna-
tively, either the leading or termination
co-ion comes from the BGE (not both)
and the other comes from the sample
or from an additionally injected plug.
Transient I'TP is particulatly suited to
salty samples — especially those that

MARCH 2014 LCGC NORTH AMERICA VOLUME 32 NUMBER 3 181

contain lots of sodium chloride as the
chloride is a very high mobility ion that
can function as a leader for almost all
anions. Sodium is a mid-range mobility
cation so it cannot be used for all cat-
ions, but it typically has a higher mobil-
ity than many organic cations. It is also
worth briefly mentioning pseudo-1TP
(pITP), in which the terminating zone
is created not from a low mobility ion,
but from a solvent added to the sample
in which there is a lower conductivity
(18). This approach arose out of work
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where the supernatant of biological
samples after deproteination with aceto-
nitrile was injected into the CE, and it
is therefore a very useful technique for
plasma and serum samples because they
require very simple sample processing.

The Last Resort: In-Capillary

and In-Vial Extraction

If stacking and sweeping approaches do
not work, then the only real alternative
is to consider the use of an on-line or
in-capillary extraction. Such extractions
have traditionally been performed by
making a small chromatographic bed
(19) at the tip of the capillary (most eas-
ily done with larger-internal-diameter
tubing and particles that have a larger
diameter than the internal diameter of
the separation capillary) and allowing
analytes to be extracted chromato-
graphically before electrophoretic sepa-
ration. The technique resembles on-line
solid-phase extraction (SPE) and includes
possibilities for immunoaffinity extrac-
tion as well (20). While this is a poten-
tially very attractive approach, there

are a number of limitations including
analysis time, repeatability, and the lack

of commercially available capillaries.
Therefore, it is really only useful for
researchers.

The most common off-line alterna-
tive to SPE is liquid—liquid extraction
(LLE) (21), which has only very recently
been reported coupled directly with CE
through developments in single-drop
microextraction (SDME). Small individ-
ual drops of organic and organic—aque-
ous drops can be created on the tip of
the capillary in a commercial CE unit
(22). This allows for easy automation,
with very good analytical performance;
however, this is not a straightforward
approach at this point in time because
a slight back pressure is required to
stabilize the drop. A more attractive
approach is the implementation of the
technique in a vial. This can be done
with a water-immiscible ionic liquid
(23), and excellent results have been
obtained from urine and serum; this is
an area very much still in its infancy,
and it is unclear yet whether this
technique will be attractive. The most
promising approach to appear recently
is the development of in-vial supported

liquid membranes (SLM) (24) and elec-
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tromembrane extraction (EME) (25).
Still very much in the research phase,
these techniques involve creating a cus-
tom vial in which the sample is placed
below a membrane impregnated with a
suitable extraction solvent with an aque-
ous acceptor phase placed on top of the
membrane. When placed in a commer-
cial CE system, the capillary samples
directly from the surface of the mem-
brane, which considerably decreases the
time required to reach localized equi-
librium (26). This approach has been
demonstrated for inorganic ions and a
few drugs from various biological flu-
ids. If it can be transitioned into a com-
mercial vial, it will significantly aid the
ability of CE to easily handle complex
and high conductivity samples.

How to Deal with

Neutral Species

The options for uncharged analytes are
fewer than those for charged analytes.
For uncharged analytes, all in-capillary
approaches are based on some kind of
affinity interaction (27). This is because
neutral species are uncharged and do not
have their own electrophoretic mobil-

ity and, thus, cannot be concentrated

by approaches developed for charged
compounds. In contrast, many of the
approaches developed for neutral analytes
can also be applied to charged analytes
and some were already discussed in detail
above. Figure 4 shows the decision tree for
uncharged analytes.

The first approaches to concentrate
neutral species were based on stacking:
By using a low conductivity sample and
affinity between the analyte and a PSP,
it is possible to rapidly transport analyte
molecules from the sample zone to the
sample or electrolyte boundary where they
concentrate. There is an abundance of
slightly different approaches here depend-
ing on the direction of the micelle and the
polarity, but they all rely on stacking (not
sweeping) for concentration (27).

Today, however, the method of choice
for concentrating neutral analytes is
sweeping as this can provide greater
enhancements than stacking and is
applicable to samples with a low, high,
or variable sample matrix (8,28). The
challenge with sweeping is that for
good enhancement a high affinity with
the PSP is required (the zone length
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after sweeping is related to the affinity
interaction), but this approach is bad

for separation as all of the analytes will
migrate with the PSP. Therefore, sweep-
ing requires careful optimization to
ensure that sufficient sensitivity enhance-
ments can be obtained. Sweeping is also
attractive because it is applicable to high
conductivity samples — the mechanism
of concentration does not depend on

the conductivity of the sample. In fact,
when sweeping is combined with elec-
trokinetic injection, multiple capillary
volumes of sample can be injected by the
EOF with the analytes concentrated and
held at the front of the micelle zone (29).
This approach can provide very signifi-
cant enhancements, but the trade-off is
time — typically, very long injections
(approaching an hour) are required.

The Chicken or the Egg — Which
Part of Your Method

to Consider First

The typical approach used by most work-
ers in the field is to develop separation
conditions to resolve the target analytes
from matrix components, and to then con-
sider whether or not any on-line concen-
tration techniques can be used. The jus-
tification here is twofold; it doesn’t really
matter what sensitivity you have if you
can’t separate the analytes (with increased
prevalence of mass spectrometers this may
become arguable) and you can always
resort to off-line treatment of your sample
to improve the sensitivity. This latter point
in particular is worth some consideration
because it is not easy, for example, to con-
centrate by more than 100 — this is the
equivalent of taking 10 mL of sample, and
extracting the analytes into a volume of
100 pL. A volume of less than 100 pL can
be difficult to handle and introduces other
errors. Stacking and sweeping approaches
are getting closer to being able to electroki-
netically extract from 100 pL into 1-5 nL
(100,000-fold), but this is only possible for
certain sample types and is only possible if
the separation method is compatible with
these approaches.

You don’t need a chicken or an egg —
you need both. Therefore, it would be
prudent to consider the requirements of
sensitivity during method development
and ensure that the developed method
is compatible with at least some of the
concentration approaches. For example, if

you know that you will need nanogram-
per-liter detection limits or lower, then
that really does place restrictions on the
concentration approaches that can be used
and implicates which methods you need
to use. This, in turn, defines the electro-
lyte compositions that may be more ideal
and compatible.

Other Practical Limitations: pH,
pl, Stability, and Analyte Size

In the discussion of sensitivity enhance-
ment so far, we have not indicated
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whether any technique is typically more
or less suitable for a certain class of
molecules, other than via physicochemi-
cal properties like weak acid and bases,
charged or uncharged analytes, and high
or low affinity for a pseudo-stationary
phase. This is deliberate because it is the
physicochemical properties that govern
which method is suitable. A dynamic pH
junction (essentially a step pH gradient)
is useful for proteins with an isoelectric
point (pl) between the pH of the sample

and the electrolyte, not because of size,
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Figure 5: Sweeping and FASS plus sweeping of standard mixture of hypolipidemic drugs. Capillary: 78 cm X 50 pm LPA-coated capillary;
BGE: 20 mM ammonium bicarbonate (pH 8.50) containing 50 mM SDS; voltage: -28 kV. Sweeping: hydrodynamic injection of 10 pg/
mL drug mixture in ammonium bicarbonate with conductivity similar to BGE at 50 mbar for 40 s. FASS plus sweeping: hydrodynamic
injection of 1 pg/mL drug mixture in Milli-Q water at 50 mbar for 80 s. Peaks: A = atorvastatin, F = fluvastatin, G = gemfibrozil, L =
lovastatin, M = mevastatin, P = pravastatin, R = rosuvastatin, S = simvastatin. Adapted from reference 30 with permission from Elsevier.

Good CE Injection Practice

Injection times should be
* As short as possible
* But at least 3 s to compensate for injection pressure or voltage variability

Injection plug length less than 1-2% of the total capillary length

Constant, precise temperature for capillary and vials

Constant level at outlet vial during injection, no waste vial

Sample vials same levels

Background electrolyte (BGE) inlet and outlet vials same levels

Dip capillary inlet in clean water or BGE vial after injection

Inject BGE or water plug after sample injection

Burn off polyimide capillary ends (not for certain coated capillaries)

Cut the capillary ends straight

Sample matrix of samples and standards should match

When using an internal standard:

* Reduce injection volume variability

* Reduce injected amount variability

* Correct for migration time variability

When using a stacking technique:
* Dilute or dissolve sample in water or diluted BGE

* Use literature for inspiration to gain sensitivity

When using electrokinetic injection:
* Selective

* Only one injection per vial
* Variable ionic strengths influence injected amount
* Amount injected related to 4% and L

When using hydrodynamic injection:

* Generally more precise than electrokinetic injection
* Not appropriate for viscous applications

* Multiple injections per vial feasible

* Volume injected related to 4 and L

but because of their pl values. Of course
there are other practical limitations that
need to be considered for all molecules,
but have some greater relevance for larger
molecules. Knowledge about other param-
eters such as stability or adsorption should
always be included in the decision process.
Limiting for all concentration efforts is
the solubility of the analyte — low solu-
bility situations should be avoided (such
as proteins at their pl) unless a solubility-
enhancing solvent or compound is added.
The sidebar “Good CE Injection Practice”
lists some other practical tips to improve
method performance.

What's Good for the Goose,

Isn"t Always Good for the Gander
As can be understood from the discus-
sions above, opportunities for sensitiv-

ity enhancement through injection are
strongly influenced by other method
parameters, such as the BGE composition.
A higher BGE concentration, for example,
makes it easier to increase the conductivity
difference with the sample, but this causes
higher currents, which may lead to greater
method instability. Although very high
sensitivity enhancements have been pub-
lished with stacking techniques, in the end
it always comes down to compromising
between robustness and resolution (that is,
separation plus efficiency) versus sensitivity.
Depending on the required use one has to
make choices and take the consequences.
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Stacking or Sweeping — Or Both?
The right in-capillary sample concentration
method to use with CE depends on the
properties of the analytes. With a target

set of analytes with diverse properties,
finding a suitable method can be complex.
An example of this is shown in Figure 5.
This is a mixture of eight hypolipidemics
with a diverse range of properties including
mobility, pK, and lipophilicity. This latter
property is a problem because pravastatin,
gemlfibrozil, and rosuvastatin show poor
interaction with the PSP and thus are not
swept well. The solution in this case was to
perform sweeping under FASS conditions
— sweeping the high lipophilic analytes
and stacking the low lipophilic ones. The
enhancements are modest (40—80-fold)
but this nevertheless shows the potential

of using multiple mechanisms simultane-
ously to improve analyte coverage. This is
different than using sequential approaches
such as dynamic pH junction—sweeping,
which uses one method to concentrate and
then a second method to sharpen the peaks
further and improve efficiency. These com-
bined approaches are more complex and
beyond the scope of the article, but there
really is no limit to the combinations of
methods that can be used.

The Final Word

The right approach to sample concen-
tration for CE is one that will meet
your needs. Determining this isnt

a simple matter, and in many cases
there may be more than one possible
approach that would be suitable. Litera-
ture can be useful to identify what may
be more appropriate, but ultimately it
will come down to experimenting until
the appropriate conditions are found.
The best advice is to start with a simple
approach and only add complexity if it
is absolutely needed.
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If scaling isocratic
separations is so simple,
why is gradient scaling so
confusing?
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LC TROUBLESHOOTING

LC Method Scaling, Part Il:

Gradient Separations

n last month’s “LC Troubleshoot-

ing” installment (1), we looked at

how to scale isocratic separations
when the column size or packing par-
ticle size is changed. The process is
quite simple. First, find a column with
approximately the same plate number,
then adjust the flow rate to give an
acceptable pressure. The most common
problems that result from mistakes
in this scaling process give somewhat
lower resolution than is expected or
higher pressures. With gradients,
unexpected consequences may occur
from the changes that may be relatively
unimportant in isocratic methods. In
this month’s discussion, we turn our
attention to the proper scaling of gradi-
ent methods.

Resolution and Plate Number
Last month (1) we looked at the funda-
mental resolution equation for isocratic
conditions:

R = VAN (o — 1)(k/[1+k]) (1]

where R is resolution, NV is the column
plate number, a is the separation fac-
tor, and # is the retention factor. A
similar equation can be stated for gra-
dient separations:

R = iN*O3(a* — )(k*/[14k%)) (2]

where V* is the effective plate number
under gradient conditions, a* is the
gradient separation factor, and £* is

the gradient retention factor. As with
isocratic conditions, we must be careful
to keep from changing the chemistry
of the system by keeping the same
brand and series of column packing,
the same mobile phase, and the same

column temperature. We'll see below
that we have some additional factors
to be careful of with gradients. If we
keep these things constant, £* and o*
(the ratio of #* values for two adjacent
peaks) should remain constant. If o*
is unchanged, we will obtain the same
resolution if we keep the same column
plate number.

The column plate number cannot be
measured easily under gradient condi-
tions, so we measure it under isocratic
conditions. Because the plate number is
a characteristic of the column, the use
of isocratic conditions is not a problem.
We use the same approach we used
with isocratic conditions to select a col-
umn with an equivalent plate number
so that we maintain the same resolu-
tion with the scaled method. We saw
that we could obtain approximately
the same plate number if we kept the
column length-to-particle-diameter
ratio constant within a range of +50%
to -25%. Thus, we can determine the
desired column length from

Ly=Ld,ld, (3]

where L, and L, are the column
lengths, and 4, and 4, are the par-
ticle diameters of the original and new
column, respectively. So far, nothing
is different between the isocratic and
gradient scaling process.

Gradient k* Is the Key

With isocratic separation, we saw that
the flow rate had no influence on the
retention factor, 4, and only a minor
influence on the plate number, V. So,
although we often start the isocratic
scaling process by keeping the linear
velocity of the mobile phase the same,
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from a practical standpoint the flow
rate is adjusted to maintain an accept-
able pressure. With gradients, however,
a change in the flow rate without some
other compensating change can gen-
erate problems. This is because #* is
affected by flow rate:

F = (tPILISV, ADS) [4]

where 7, is the gradient time (minutes),
F is the flow rate (milliliters per min-
ute), V. is the column volume (mil-
liliters), AD is the gradient range (for
example, 5-95% = 0.9), and S is a con-
stant related to the molecular weight
and is characteristic of each analyte.
For the present discussion on scaling
separations, we will not be changing
the gradient range or the analytes, so
A®D and S will be constant and can be
dropped for a simpler relationship:

B = PV, [5]

With isocratic separations, the separa-
tion factor, a, is an expression of the
peak spacing of two peaks with £ val-
ues of 4, and &,:

o = klk, [6]

As long as we do not change the
chemistry of the system (mobile phase
composition or column chemistry) or
the column temperature, o will remain
constant, as will the peak spacing. Iso-
cratic k is calculated as follows:

k= (tg — 1)1, [7]

where 7, is the retention time and ¢, is
the column dead time. If #; is changed
by nonchemical or temperature means,
% will change in parallel, so & stays
constant. This is why we can change
the column length, the column diam-
eter, or the flow rate and not affect £ in
isocratic separation. If £ is constant, &
will also remain constant. On the other
hand, if we do something that changes
k, we expect that o will change because
it is rare for a variable that changes

k for one compound to change £ in
exactly the same manner for all the
other compounds in the separation.
Thus, a change in the mobile phase or
column temperature usually results in

a change in peak spacing — in fact, we
count on this effect as a tool for mov-
ing peaks relative to each other during
method development.

A similar requirement of keeping a*
constant holds for gradient separations,
where o* is expressed as follows:

of = k% kY (8]

As with isocratic separation, chemical
or temperature changes are not likely
to change #* and 4%, in the same
way, so these variables must be kept
constant with gradients too. But with
gradients, the added complication is
that the variables on the right-hand
side of equation 5 must also be kept
constant, or they should be changed
in a manner that allows a* to stay
constant. Next, let’s consider how this
requirement influences the scaling of
gradient methods.

Scaling a Simple Gradient

We'll start with a simple linear gradient
of 5-95% acetonitrile over 20 min at

1 mL/min with a 150 mm X 4.6 mm,
5-pm particle diameter (dp) column.
Let’s say that we want to get the same
separation under ultrahigh-pressure
liquid chromatography (UHPLC) con-
ditions on a 1.8-pm & column with an
internal diameter of 2.1 mm.

The first step is to find a column
with approximately the same plate
number. We can use equation 3 to
help us. The new column length (L))
should be (150 mm X 1.8 pm)/5 pm
= 54 mm long. Because 54-mm col-
umns aren’t available, we can use any
length between 41 mm (-25%) and 81
mm (+50%) and be within our -25%
to +50% guidelines. I would probably
choose 2 50 mm X 2.1 mm column
in the present case.

As with isocratic separations, with
gradients it usually is a good idea to
start with a flow rate that gives us the
same linear velocity. We use the same
technique we discussed last month:

F, = F(d_ld_)* ]

where Fis the flow rate and 4_is the
column internal diameter for columns
1 and 2. In the present case, the new
flow rate should be 1 mL/min X (2.1

www.chromatographyonline.com

mm/4.6 mm)? = 0.208 mL/min; we’ll
round this to 0.2 mL/min for conve-
nience. So, our new method will run
ona50mm X 2.1 mm, 1.8-um dp col-
umn at 0.2 mL/min.

Let’s check to see if we are done.
Because we want #* to remain con-
stant, we can restate equation 5 as
follows:

(tc FPIV = (b, DIV, [10]
We can calculate each half of equation
10 for the proposed conditions and
see how close we are. For the column
volume, we’ll use the approximation of
(dez), because these are the only two
variables that change between the col-
umns. For the original conditions, (20
X 1)/(150 X 4.6%) = 0.00630, and for
the proposed conditions, (20 X 0.2)/
(50 X 2.12) = 0.0181. The value for the
new conditions is approximately three
times too large. Because we've already
defined the column size and the flow
rate, the only variable we can adjust to
fix this problem is the gradient time. If
we reduce the gradient time to 7 min,
the calculated value drops to 0.0635,
which is close enough. So the gradient
equivalent to the original conditions is
a 7-min gradient at 0.2 mL/min on a
50 mm X 2.1 mm, 1.8-pm & column.
This means that the switch from the
high performance liquid chromatogra-
phy (HPLC) to the UHPLC column
reduces the run time by approximately
threefold (20 min to 7 min).

But if we're running under UHPLC
conditions, we can operate at higher
pressures and because we're using sub-
2-pm particles, flow rate will not affect
N, so a higher flow rate may help to
further speed the separation. We use
the same equation to calculate the sys-
tem pressure as we did last month for
isocratic conditions:

P, = P(LJL)(d ld Y (d Id ,)* (F,/F)
(11]

Where P, and P, are the original and
new pressures, respectively; all the
other variables were defined above.
Let’s assume that the original method
generated a 2000 psi (140 bar) back
pressure. For the proposed conditions,

P, =2000 X (50/150) X (4.6/2.1)*
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X (5/1.8)2 X (0.2/1) = 4935 psi. For
UHPLC, we probably can tolerate
twice this pressure, and the easiest
way to do this is to double the flow
rate so that a new pressure of 9875
psi would be expected. Wait! We've
changed the flow rate, so equation 5
tells us that this will change &%, and
we may find a change in peak spac-
ing — not something we want. So we
need to make another compensating
change using equation 5 as a guide-
line. If we double F, we can reduce -
by the same factor of two and £* will
stay constant. Now our method would
be a 3.5-min gradient at 0.4 mL/min
ona 50 mm X 2.1 mm, 1.8-um dp
column. This would reduce the origi-
nal run time by approximately sixfold
(20 min to 3.5 min).

What About

Segmented Gradients?

The example above used a simple,
one-segment linear gradient. Let’s
add a bit of complication and see how

a two-segment gradient is handled.
We'll use a 5-50% gradient in 10 min
followed by a 50-95% gradient in 5
min, the other conditions (column
and flow rate) are the same as before.
Let’s scale this to the same 2.1-mm
id., 1.8-pm dp column. The same
column, flow rate, and pressure scal-
ing results will be obtained: scale to a
50 mm X 2.1 mm column operated at
0.2 mL/min resulting in a back pres-
sure of ~4935 psi.

When it comes to scaling the
remaining gradient conditions, we
proceed in the same manner as with a
single-segment gradient, but we need
to treat each segment as a separate
gradient. Thus, we have two gradi-
ents to consider: 5-50%/10 min and
50-95%/5 min. Because we’re not
changing the gradient range, we can
scale the gradient times so that equa-
tion 10 is balanced. For the first seg-
ment, the original conditions give (10
X 1)/(150 X 4.62) = 0.00315 and the
proposed conditions give (10 X 0.2)/
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(50 X 2.1%) = 0.00907, approximately
three times too large. A change in the
gradient time to 3.5 min gives a value
0f 0.00317. For the second segment,
our original gives (5 X 1)/(150 X 4.6%)
= 0.00158. We would expect the same
gradient time ratio adjustment to hold
for the second segment as for the first,
so we can use it in our trial calcula-
tion. So we’ll use (3.5/10) X 5 min

= 1.75 min, rounded to 1.7 min for
convenience: (1.7 X 0.2)/(50 X 2.12) =
0.00154, which is close enough. Now
our new method will be 5-50% in 3.5
min followed by 50-95% in 1.7 min at
0.2 mL/min on a 50 mm X 2.1 mm,
1.8-pm dp column.

If we want to increase the flow rate
to accommodate the higher pressure
capability of a UHPLC system, we
use the same technique as discussed
above with equation 11, but remem-
ber to adjust the gradient time of
each segment by a factor of two using
equation 5 if you change the flow
rate by a factor of two.
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Don't Forget to Adjust the Injection Volume
One thing I didn’t mention in last month’s discussion of
isocratic scaling is the potential need to adjust the injection
volume when the column size is changed. The same rules
hold for both isocratic and gradient conditions. As a general
rule, the injection volume should be adjusted in proportion
to the column volume. We can use the following relation-
ship as a guideline:

V.= V. (Ld DIL,d?) [12]

inj2 = Vinjl

Where V. .. and V.

injl inj2
nal and new conditions, respectively. If our original method

are the injection volumes of the origi-

used a 25-pL injection, the new method should use an injec-
tion of (25 X 50 X 2.13)/(150 X 4.62) = 1.75 pL, which we
can round to 2 pL.

Often the injection volume for the original method may
not have been optimized, so although equation 12 gives the
proper scaling, I suggest using an empirical test to determine
the injection volume of the new method. I would try the cal-
culated volume plus additional injections at twice and half the
recommended volume. In the present case, I would try injec-
tions of 1, 2, and 4 (or 5) pL and observe the chromatogram.
If there is no unacceptable degradation of the chromatogram,
especially in the first part of the run, it is likely that the injec-
tion volume can be tolerated. I like to have a safety margin in
my conditions, so the injection volume should not be so large
that it is right on the edge of failure. This can be achieved by
allowing a safety margin of 50-100%. For example, if in the
above example, 5 pL still looked OK, try 8 or 10 pL. If these
injection volumes are OK, 5 pL is safe.

Further Cautions
As you can see from the discussion above, when the number
of segments in the gradient increases, the work in calculating
new conditions increases because each gradient segment must
be scaled individually. What happens when there is a curved
(convex or concave) gradient? I recommend strongly against
using this type of gradient, because they are hard to reproduce
from one instrument to another, and very difficult to scale. I
don’t know of any way to scale such gradients, because they
are essentially composed of an infinite number of very small
segments with different slopes. So, if you have an existing
curved gradient that needs to be scaled, use the single-seg-
ment rules and hope that the new gradient works.

Those of you who are familiar with gradients will notice that
I ignored the instrument dwell volume (gradient delay volume)
in this discussion. The new dwell volume requirements can
be calculated if the dwell time (the time to wash out the dwell
volume) is considered as a gradient segment. The complication
is that the dwell volume is seldom adjustable. Usually when you
are moving a method from a conventional column to a small-
volume or UHPLC column, you also will be moving from a
conventional LC system to a UHPLC or a newer LC system,
either of which is likely to have a reduced dwell volume. Dwell
volume differences are most likely to affect the peak spacing for
peaks eluted early in the gradient, so watch for such changes
when the method is scaled. You may need to adjust the initial
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conditions to compensate for such changes. Dwell volume, of
course, is not important in isocratic methods.

Finally, as with the isocratic examples last month, gradi-
ent calculations are tedious. You can simplify the process by
using one of the on-line calculators to do the work for you.
Some of these also calculate scaling of the injection volume
and take dwell volume into account. Search the internet for
“HPLC method transfer calculator” and you’ll find several
to choose from. I suggest that you try several and settle on
the one that seems like the easiest for you.
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This month’s column
discusses the safe storage
and use of calibration,
carrier, and detector gas
cylinders for small or large
organizations.

John V. Hinshaw
GC Connections Editor

GC CONNECTIONS

www.chromatographyonline.com

The Storage and Use of Gases

for Gas Chromatography

arrier and detector gases, when

not generated directly on-site, are

transported to laboratory facilities
in gas cylinders and stored there until
they are used. A recent “GC Connec-
tions” installment (1) explored the sources,
both natural and synthetic, of carrier and
detector gases for gas chromatography
(GC). When put into service, secured gas
cylinders or laboratory generators are con-
nected to pressure- and flow-regulating
devices that establish appropriate flow and
pressure conditions for delivery to one or
more gas chromatographs. The delivery
system may be a simple length of tubing
or it may be a more complex manifolded
arrangement with intermediate regulation
and valving, Ideally, the gas stream passes
through a final purification stage posi-
tioned close to each chromatograph.

Much of the equipment associated with
gas supplies in the laboratory ensures the
purity and control of carrier and detector
gases; the rest provides necessary safety
measures for day-to-day encounters with
flammable or asphyxiant gases that come
in heavy high-pressure containers. Both
the correct equipment and the procedures
associated with gas deployment are critical
for achieving the safest work environment
and the best possible results.

In the United States, both the federal
and state government authorities promul-
gate regulations and guidelines for the safe
handling and use of gases according to
their delivery system and chemical nature.
In 29 CFR 1910.101, the United States
Occupational Health and Safety Admin-
istration (OSHA) incorporates standards
issued by the Compressed Gas Association
(CGA) (2). Several organizations have
made their policies and procedures for
compressed gas handling available on-line;
among these, the State University of New

York (SUNY) campus at Stony Brook
Compressed Gas Safety Guide (3) is one
that is easily accessible and useful for typi-
cal chromatography laboratory scenarios.
Industrial gas consumers — including
both companies and their employees —
are responsible for the safe storage and use
of gas cylinders and their contents from
the moment the tanks come off a delivery
truck until the gas supplier collects the
empties for return. During this period
of responsibility, certain procedures and
equipment are used to mitigate the haz-
ards and get the best use out of the cyl-
inders’ contents. In addition, companies
should enact specific training programs to
qualify employees to handle compressed
gases safely and effectively. The contents
of this article are intended as general
professional advice and are not meant to
reduce or replace any requirements, proce-
dures, or regulations imposed by compa-
nies or their local authorities.

Gas Cylinders

Gas cylinders are ubiquitous in chroma-
tography laboratories. Their presence in
nearly all chromatography work envi-
ronments, combined with the rarity of
accidental injury or property damage,
engenders a sometimes too-relaxed atti-
tude toward them on the part of labora-
tory workers and managers alike. Other
hazards, such as burns from hot GC inlets
or punctures suffered while cutting fused-
silica columns, are much more common
and can be mitigated by following easily
understood and simple procedures. It is
safe to say that the gas cylinders in a chro-
matography laboratory present an array of
hazards that, short of the presence of toxic
chemicals, comprise the greatest personal
and property safety challenges chromatog-
raphers are likely to encounter.
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Cylinder Hazards

Gas cylinder users do not always follow safe procedures. I
often see cylinders that are not properly restrained or lack
valve-protection caps that should be installed when the cyl-
inders are not in use. Sometimes I observe incorrect transfer
of cylinders from one location to another. For example, years
ago at a university a gas delivery worker tilted two cylinders
15° from vertical, one with each gloved hand, and proceeded
to roll them on their bottom edges down a hallway and into a
laboratory. The cylinders did not fall, but I wonder how many
times they had fallen during his tenure in that job and what
kind of damage had been caused.

And how about moving tanks with a regulator attached
and the main valve open, or without a protective valve cap?
Not a good idea, but I've seen it done more than once. So,
why not handle and use compressed gas cylinders without
following the prescribed safe procedures? There are lots of
reasons not to do so, and they can be grouped into three
categories: physical hazards, energy hazards, and chemical
hazards.

Physical Hazards

Gas cylinders are massive. A 49-L capacity steel cylinder, such as
what is commonly used for helium or nitrogen carrier gas, weighs
about 63 kg (138 Ib) and is physically unstable in its normal verti-
cal position. Such a mass of steel can do considerable damage to
limbs and toes that happen to be in the way as it falls.
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Energy Hazards

In addition to being bulky, massive, and unstable, compressed
gas cylinders constrain a considerable amount of potential
energy as pressurized gas. Should that pressure be released sud-
denly, a cylinder can become a spinning projectile that can pene-
trate walls and potentially inflict deadly harm. In an earlier “GC
Connections” installment (4), I calculated that a full helium cyl-
inder could attain a velocity of more than 108 km/h (67 mph) in
a few seconds if the gas were released along the cylinder’s main
axis. The result depends on how quickly the gas is released, but
by an estimate that is enough energy to do a lot of damage.

Chemical Hazards

In the case of hydrogen, a gas cylinder represents considerable
combustible chemical energy as well. Hydrogen concentrations
can reach the lower explosive limit (LEL) of only 4% in air in
any enclosed space into which sufficient quantities are released.

Cylinders that contain gases other than air also pose an
asphyxiation hazard that results from the potential displace-
ment of oxygen should the gas be released more rapidly than
ambient air can be replaced by ventilation.

Some laboratories also use cryogenic liquefied gases such as
liquid nitrogen or carbon dioxide. The proper use and stor-
age of cryogenic liquids is a separate topic about which the
interested reader can learn more from the references at the end
of this article. Specific personnel protective equipment such
as face masks, gloves, and boots should always be used when
handling cryogenic liquids.

Built-In Protection

Gas cylinders for the laboratory include some built-in safety
measures. They are protected against over-pressurization
caused by heating or inadvertent over-filling by a burst or
rupture disk in the cylinder valve stem. Safety burst disks
will open at pressures greater than the normal operating pres-
sure for the cylinder, but less than the cylinder’s test pressure.
For a laboratory carrier-gas tank, the disk will open when

the tank pressure exceeds about 225 MPa (3200 psi). This
pressure is greater than what would be attained should a com-
pletely full cylinder be stored at up to 60 °C; the maximum
recommended storage temperature for nonreactive gases is
around 50 °C. A ruptured disk will release the contents of the
cylinder safely (and loudly). A so-affected cylinder must be
returned to the supplier for inspection and refurbishing.

Managing Cylinders

Now let’s examine how to manage and handle gas cylinders
safely. A cylinder passes through three stages at a laboratory
site: receipt and storage, in-use, and ready to return. These
stages usually represent three separate locations within a facil-
ity; the first and last have nearly identical requirements, while
the in-use stage is different.

Regardless of the stage of a cylinder’s lifetime, store inert
laboratory gases separately from reactive gases, including
hydrogen fuel gas or any other gases used for other purposes.
Hydrogen has some special venting and storage requirements
that are detailed in the standards; keeping different types of
gases separate helps avoid mix-ups.
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Receipt and Storage

Receiving personnel should check the
labeled contents of all cylinders upon
delivery, as well as the overall appearance
and condition of the cylinders. Any excep-
tions should be brought to the attention
of the supplier as soon as possible. Sup-
pliers don’t deliver damaged or incorrect
cylinders intentionally, but a quick check
is in order. Ideally, the date of the most
recent hydrostatic pressure test should be
verified; however, this information can be
difficult to ascertain from the markings
on a cylinder. Cylinder pressure can be
verified if the valve assembly includes an
indicating regulator; otherwise it’s better
to wait until a cylinder is put into service
before checking the fill pressure.

Gas cylinder contents generally are
color-coded on the cylinder, but the color
scheme is not consistent from supplier to
supplier. Thus, it is not possible to rely
on the color of a cylinder for identifica-
tion. An attached label or tag will give
the necessary information. If there is no
tag or label, then the cylinder must be
returned immediately to the supplier — or
another supplier if the original supplier is
unknown — for proper disposition.

Gas cylinders must be moved and
stored properly from receipt until they
are returned to the supplier. Outdoor and
indoor storage are both possible. Indoor
storage is more convenient if space is
available, while outdoor storage should
provide protection from weather and
dirt. Cylinders must be kept dry in all
cases to avoid corrosion.

Suitable cylinder storage locations
include any area with limited access where
they can be properly restrained. For small
organizations the laboratory itself is often
the best spot. Storage in a public hallway
is not desirable, of course, while too-lim-
ited access might cause a problem should
quick access be required in an emergency.
Each location where gas cylinders are used
is unique and, if at all possible, the ques-
tion of proper cylinder locations should be
considered carefully.

Often, and especially in situations
where a larger number of cylinders are
used, there may be more than one location
for cylinder storage. For example, some
companies store full cylinders in a location
near a loading dock while keeping in-use
cylinders in the laboratory or in a shared
area that feeds multiple locations.

In-Use

Cylinders are classified as in-use if a regula-
tor is attached or the protective valve cap

is removed, whether or not gas is flowing
at any particular time. With the protective
cap removed or with a regulator attached,
the high-pressure cylinder valve is exposed
and represents an increased hazard. A
cylinder that falls on its side with the cap
or protective collar in place is unlikely to
decompress explosively, whereas one with
an exposed valve is much more likely to do
so. Therefore, the in-use category requires
very careful attention to cylinder restraints.
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Ready to Return

Used cylinders ready for return
should be kept in a dedicated empty-
cylinder area that is convenient for
their removal from the building, or
at least the empties should be marked
clearly as such. Once empty or other-
wise no longer needed, cylinders fall
back into a category with the same
requirements as full cylinders wait-
ing to be put in use — the protective
valve cap must be installed; otherwise
the valve could be damaged. Even
nonobvious damage to the valve can
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be a problem for the supplier when
the cylinder is refilled.

If possible, gas cylinders should not
be emptied completely before they are
returned, since doing so may expose
the inside of the cylinder to ambient air
and moisture. The worst case is for an
empty cylinder to be stored outside with
an open valve. It will be difficult for the
supplier to completely purge and clean
the cylinder before the next filling. A
residual pressure of 175-700 kPa (about
25-100 psi) is suitable.

Moving Gas Cylinders

The image of two large cylinders being
rolled by hand on their edges down a
hallway remains with me more than 30
years after I witnessed it. The right way to
move cylinders is of course with a cylinder
cart or hand-truck. These are available

in single- and dual-cylinder models with

a variety of configurations. The better
designs include static-dissipating wheels,
which are much appreciated when moving
hydrogen cylinders. Never move a cylinder
with the regulator attached or the valve
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cover missing. And never use a gas cart

as a permanent cylinder stand. Some tilt-
ing and rolling is required to maneuver a
cylinder onto the cart, so caution is appro-
priate. Wear gloves and protective goggles
and footwear.

If a cylinder starts to fall from upright
toward prone, do not attempt to catch it.
Jump back quickly out of the way. Return
a fallen or otherwise physically stressed
cylinder to the supplier immediately. A fall
can introduce weaknesses in the cylinder
that may make it potentially unsafe for
continued use.

How to Restrain Gas Cylinders
Proper restraint of gas cylinders is
extremely important for their safe

use. When set into position, cylinders
must be prevented from tipping over,
especially when in use with regulators
attached. Gas cylinder restraints provide
protection from accidental tippage that
could compromise attached gas lines or,
in the extreme case, cause a regulator or
the tank valve to break or detach.

Several types of restraining systems are
available, including single- or dual-tank
straps that attach to a fixed object or a
wall; individual free-standing cylinder
floor stands; small multicylinder corrals
with a restraining chain; and completely
enclosed and lockable cylinder cages.

Do not place cylinders on their sides:
moving them down to the floor or
back to the upright position is a lifting
hazard at the least, and the movement
greatly increases the chances for drop-
ping the cylinder.

Tank Straps

These are available in several forms. They
all feature an attachable strap or brace that
encircles one or two cylinders approxi-
mately 1 m above the floor. The chain,
woven belt, or metal strap is attached with
a snap, buckle, or bolt so that the cylinder
is prevented from falling over or mov-

ing out of position. Tank straps should

be affixed permanently to an immovable
object such as a wall or a laboratory bench
that is bolted to the wall or floor. Some
straps feature a clamp that attaches tem-
porarily to a benchtop and allows the strap
to be relocated easily. Although this type
does not provide strict immobility it may
be sufficient in some locations, but only if
the bench is secured.
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Floor Stands

Floor stands are single-cylinder stands that
clamp or strap onto a cylinder and provide
a larger footprint than the cylinder itself.
They provide improved stability but are
not immune to tipping or movement, so
they are recommended only for temporary
cylinder placement.

Cylinder Corrals

A cylinder corral is affixed perma-
nently to the floor or wall. The corral
admits two or three cylinders across
and two or three deep, and the cyl-
inders are restrained by a chain that
attaches onto several hooks welded to
the corral. This arrangement is suitable
for stored or in-use cylinders where sin-
gle tank straps are not enough — for
example, in a gas analysis laboratory
where multiple calibration gas cylinders
plus carrier gas, hydrogen, and air are
required. A cylinder corral is the most
flexible arrangement and requires the
least amount of linear wall space for
multiple cylinders.

Cage Enclosures

A cylinder cage or locker is a large

box with heavy mesh walls and usu-
ally a floor as well. The door is firmly
secured with a lockable bolt. Cylinder
cabinets are similar, but they have solid
walls. A cylinder cage holds up to 16
or more laboratory gas tanks, but only
for storage purposes as it is not a good
practice to snake gas lines through the
cage mesh. It is the most secure method
of cylinder storage. Cages or cabinets
are also the most expensive storage
method, but they are well worth the
investment in safety and security for
organizations that have to manage a
large number of cylinders.

Using Laboratory Gases

After verifying gas cylinders and their
content upon receipt, safely moving and
securing them in place, and organizing
them by their current use, the next step
is to attach the appropriate gas regula-
tors, tubing, filters, and fittings to bring
the high-purity gas supplies up to one
or more gas chromatographs. The next
“GC Connections” installment will
discuss these topics and more, as we
continue to follow the multiple gas paths
through a GC system.
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In this study, the procedure for analyzing amphetamines and synthetic

cathinones (also known as bath salts drugs) in hair samples using a

mixed-mode solid-phase extraction (SPE) is described. Samples of

hair were digested with a dilute solution of base (containing internal

standards), neutralized, and diluted with an aqueous phosphate buffer

(pH 6). Each sample was applied to a conditioned SPE column, after

which the sorbent was rinsed with deionized water, acetic acid, and

methanol. After drying, the analytes were eluted and collected from

the SPE column with 3 mL of an elution solvent consisting of methylene

chloride-isopropanol-ammonium hydroxide. To the eluate, 200 pL of

mobile phase was added and the samples were evaporated to the mobile

phase for analysis by liquid chromatography-tandem mass spectrometry

(LC-MS-MS). Chromatography was performed in gradient mode using

a C18 column and a mobile phase consisting of acetonitrile and 0.1%

aqueous formic acid. The total run time for each analysis was under 5 min.

mphetamine (a-methylphen-

ethylamine) (Figure 1) belongs

to a class of compounds known
as sympathiomimetic amines (1). This
class of drugs includes the illicit drugs
methamphetamine, methylenedioxyam-
phetamine (MDA), and methylenedioxy-
methamphetamine (MDMA), as well as
ephedrine and pseudoephedrine, which
can be found in over-the-counter medi-
cations. Amphetamine is administered as
a prescription medication (for example,
Adderall [Shire Pharmaceuticals]) for
treating medical issues such as narco-
lepsy, obesity, or hypotension (2), whereas
methamphetamine, MDA, and MDMA
are considered controlled substances —
that is, pharmaceuticals with little or no
medical use.

Synthetic cathinones are derived struc-
turally from the parent compound (Figure
2) and have become noticeable in the scien-
tific literature in recent times because of the
fatalities arising from administration (3—0).

The drugs are commonly referred to as
“bath salts” because they were originally
packaged with names such as “Ivory Wave”
and marketed as “not for human consump-
tion” or “research chemicals.” These drugs
are now scheduled in the same way as other
controlled substances.

The popularity of amphetamines is
because of their euphoria effect and ease
of synthesis. Their use or abuse is generally
verified by the analysis of biological samples,
such as urine, blood, oral fluid, or hair. Of
these samples, hair is a biological matrix
that has been used as an alternative to urine
or blood for drug testing because it allows
noninvasive sampling and can document
the use of the drugs over a longer period of
time than blood or urine (7). In this study,
amphetamine in the form of Adderall was
determined in the hair of a subject along
with several other amphetamines and a
range of synthetic cathinones.

In terms of metabolism in the human
system, amphetamine is inactivated during
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Figure 1: Structure of amphetamine.
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Figure 2: Structure of cathinone.
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this process, undergoing deamination to
form phenylacetone, which is converted to
benzoic acid and excreted in a conjugated
form (2). A small amount of the parent is
oxidized to norephedrine, which is also
metabolized to the parahydroxylated forms

of this compound, all of which is pharma-
cologically active and are thought to con-
tribute to the effects of the drug (8,9). The
therapeutic, toxic, and fatal concentrations
of amphetamines in samples such as blood
and urine are well documented (2,10), but
not so much for the synthetic cathinones
because of the recent nature of their abuse.
Most of the published studies on hair analy-
sis have been performed in the area of work
place drug testing and drugs or driving
cases (11,12), not postmortem studies.

Gas chromatography coupled to mass
spectrometry (GC—-MS) has been reported
as a technique for quantifying amphet-
amines in hair (13). GC-MS analysis of
the amphetamines requires derivatization
using compounds such as heptafluorobu-
tyric anhydride (HFAA) or pentafluoropro-
pionic anhydride (PFAA) (14,15). Because
amphetamine exists as a ¢~/ isomeric pair,
some laboratories have used chiral modi-
fication to separate the isomers in samples
such as hair (16). The ratio of the isomeric
forms may indicate whether or not the
amphetamine has been taken legally. GC-
MS analysis of the cathinones used similar
fluoroacyl derivatives (3). Liquid chroma-
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tography coupled to tandem mass spectrom-
etry (LC-MS-MY) is gaining popularity
for analysis in this matrix (17,18). The use
of solid-phase extraction (SPE) described
in this article uses the LC mobile phase as
a keeper solvent for amphetamine, reduc-
ing its volatility. In previous methods the
addition of methanolic hydrochloric acid or
a solvent such as dimethylformamide has
been reported, and the solvent was evapo-
rated to dryness (19). The addition of the
mobile phase presents the LC-MS-MS
with a more amenable analytical solvent.
SPE has been reported in the analysis of
hair samples previously (20-22), but not
using this type of keeper solution format.

Experimental

Chemicals and Reagents

Amphetamine, amphetamine-;, metham-
phetamine, methamphetamine—ds, MDA,
MDA-4;, MDMA, MDMA-d,, butylone,
ethylone, flephedrone, mephedrone,
mephedrone-d;, methylone, methedrone,
methcathinone (4-MEC), methylenedioxy-
pyravalerone (MDPV), and pyravalerone
were obtained from Lipomed as 1-mg/mL
methanolic solutions. Acetonitrile, acetic
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able ande 3 pectrome onditio
Amphetamine (1) 136.1 91.0 1.30 51 10 23 16
Amphetamine (2) 136.1 65.0 1.30 51 10 13 8
Amphetamine-d; (2) 1411 124.0 1.30 51 10 25 4
Amphetamine-d; (2) 1411 93.0 1.30 51 10 21 6
Methamphetamine (1) 150.1 91.0 1.62 61 10 29 16
Methamphetamine (2) 150.1 1191 1.62 61 10 17 8
Methamphetamine-d; (1) 155.2 92.1 1.62 46 10 57 10
Methamphetamine-d; (2) 155.2 121.2 1.62 46 10 25 8
MDA (1) 180.2 163.1 1.51 46 10 15 8
MDA (2) 180.2 105.1 1.51 46 10 33 8
MDA-d, (1) 185.2 168.1 1.51 46 10 33 6
MDA-d, (2) 185.2 110.1 1.51 66 10 55 14
MDMA (1) 194.2 163.1 1.73 76 10 19 12
MDMA (2) 194.2 105.1 1.73 76 12 33 18
MDMA-d, (1) 199.2 165.1 1.73 66 10 19 12
MDMA-d. (2) 199.2 106.8 1.73 66 10 19 12
Mephedrone-d, (1) 181.2 123.0 1.94 66 10 35 6
Mephedrone-d, (2) 181.2 163.0 1.94 46 10 17 10
Methedrone (1) 194.1 176.1 1.66 56 10 29 12
Methedrone (2) 194.1 161.1 1.66 56 10 39 10
Butylone (1) 2221 174.2 1.56 35 5 22 26
Butylone (2) 2221 204.2 1.56 35 5 22 34
Ethylone (1) 2221 174.2 1.86 35 5 22 26
Ethylone (2) 222.1 174.2 1.86 35 5 22 34
Flephedrone (1) 182.1 164.2 1.22 37 5 18 19
Flephedrone (2) 182.1 149.1 1.22 37 5 18 30
Mephedrone (1) 178.1 145.1 1.94 36 4 18 28
Mephedrone (2) 178.1 160.1 1.94 36 4 18 18
Methylone (1) 208.1 160.1 1.15 66 10 27 10
Methylone (2) 208.1 1321 1.15 66 10 19 12
4-MEC (1) 192.1 174.2 2.07 66 10 19 12
4-MEC (2) 192.1 1441 2.07 66 10 41 10
MDPV (1) 276.2 135.1 2.32 101 10 37 12
MDPV (2) 276.2 126.1 2.32 101 10 31 16
Pyravalerone (1) 246.2 105.1 2.55 56 10 33 188
Pyravalerone (2) 246.2 175.2 255 56 10 59 16
DP = declustering potential; EP = exit potential; CXP = collision cell exit potential; CE =collision energy; t, = retention time (in minutes).

acid (glacial), concentrated ammonium
hydroxide solution (32% by volume), for-
mic acid, isopropanol, methanol, and meth-
ylene chloride were obtained from Fisher

Scientific. The SPE columns (CSDAU206)

were obtained from UCT Inc. Deionized
(DI) water was laboratory grade, and it was
generated in the Massachusetts State Police
Crime Laboratory (MSPCL). All chemicals
were of ACS grade.

Acetic acid was prepared as a 0.1 M solu-
tion by diluting glacial acetic acid (5.8 mL
to 500 mL) and then increasing the volume
to 1 L by adding DI water and mixing
well. Formic acid was prepared as a 0.1%
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Amphetamine 100+5 1027
Methamphetamine | 95 + 5 101 +7
MDA 110+ 15 103+ 11
MDMA 105+ 5 102 + 10
Butylone 12020 | 106 %12
Ethylone 90 + 15 108 + 13
Flephedrone 85+ 20 103 +8
Mephedrone 120 = 15 106 = 10
Methylone 1M5+£20 [98+10
Methedrone 106 + 7 101 + 13
4-MEC 90 + 15 103 + 12
MDPV 95+ 10 97+ 11
Pyravalerone 115+ 10 103+ 10

(v/v) solution by adding 1 mL of the acid
to 900 mL of DI water and diluting it to
1 L (mobile-phase A). Acetonitrile contain-
ing 0.1% formic acid (v/v) was prepared by
adding 1 mL of formic acid to 900 mL of
acetonitrile and diluting to 1 L (mobile-
phase B). Aqueous sodium hydroxide was
prepared as a 0.1 M solution by adding
4 g of the solid to 500 mL of DI water and
dissolving before diluting to 1 L. Phosphate
buffer (pH 6, 0.1 M) was purchased from
Fisher Scientific as a ready-to-use solution.

Chromatographic Analysis

Analysis was performed using an API 3200
Q-Trap instrument supplied by Applied
Biosystems. The chromatographic system
consisted of a Shimadzu CBM 20 A con-
troller, two Shimadzu LC 20 AD pumps
(including a degasser), a Shimadzu SIL 20
AC autosampler, and a Shimadzu CTO
AC oven (set at 10 °C). The instrument
was fitted with a 50 mm X 2 mm, 5-pm
d,, Cadenza-Cl18 column from Imrake USA
(formerly Silvertone Sciences) that was
attached to a 5 mm X 2 mm Cadenza-
C18 guard column obtained from the
same supplier. The LC column oven was
maintained at 40 °C throughout the analy-
ses. The injection volume was 10 uL. The
mobile phase was delivered at a flow rate
of 0.5 mL/min. The mobile-phase gradi-
ent program started at 5% mobile-phase
B, rose to 90% B in 4.0 min, and then
returned to 5.0% B. The instrument was
readied for reinjection after 5.1 min.

The mass spectrometry was performed
using positive multiple reaction monitor-
ing (MRM). The mass spectrometer con-
ditions for each of the amphetamines and
synthetic cathinones are shown in Table L.
Tandem MS was performed using the fol-
lowing conditions: curtain gas setting, 15;
collision gas setting, medium; ion spray
voltage setting, 5000 V; temperature set-
ting, 650 °C; ion source gas 1 setting, 50;
ion source gas 2 setting, 50. The tandem
mass spectrometer conditions are shown in
Table I. The analytical data were collected
using Analyst software version 1.5.2 sup-
plied by Applied Biosystems.

Sample Preparation for Analysis
Calibrators and Controls
A solution of amphetamines and synthetic
cathinones (amphetamine, methamphet-
amine, MDA, MDMA, butylone, ethy-
lone, flephedrone, mephedrone, methylone,
methedrone, methcathinone [4-MEC],
methylenedioxypyravalerone [MDPV],
and pyravalerone) was prepared at a concen-
tration of 1 pg/mL by the dilution of 10 uL
of stock solution with acetonitrile to 10 mL
in a volumetric flask. A I-pg/mL solution
of the internal standards (amphetamine-ds,
methamphetamine-ds, MDMA—ds, MDA-
ds, and mephedrone-d;) was prepared by
the diluting 100 pL of the stock solution
(100 pg/mL) to 10 mL with acetonitrile in
a volumetric flask. The choice of internal
standard was based on the fact that deuter-
ated analogues of amphetamines and syn-
thetic cathinones would not only chromato-
graph in a very similar mode to the drugs
themselves, but also would be extracted via
SPE as efficiently as amphetamine and the
synthetic cathinones and would not likely
be observed in the samples under analysis.
Calibrators were prepared by the addi-
tion of 1.0, 2.5, 5.0, 10.0, 25.0, 50.0, and
100.0 ng of amphetamines and synthetic
cathinones into 10-mg samples of drug-
free hair samples. The hair samples had
been previously decontaminated by wash-
ing two times with methylene chloride
(10 mL) and two times with DI water
(10 mL) before being air dried for 24 h. Each
wash step was analyzed for the presence of
drugs and found to be negative. Next, 50
ng of the internal standard was added to
these samples. Control samples were pre-
pared by the addition of 2 ng and 8 ng of
amphetamine and synthetic cathinones to
drug-free hair samples in addition to 50 ng

www.chromatographyonline.com

of the internal standard. All determinations
were performed in duplicate. A negative
control sample was prepared by the addi-
tion of only the internal standard (50 ng)
to a sample of drug-free hair samples (10
mg). Calibrators, control samples, and test
samples were treated in an identical mode
with regard to sample extraction.

To assess the performance of the proce-
dure, calibration curves were constructed
twice daily over five consecutive days using
the spiked controls, and from these data
intraday and interday values were obtained.

Sample Extraction

A 1-mL volume of 0.1 M aqueous sodium
hydroxide solution was added to each
sample (calibrator, control, and test) in a
clean glass tube (75 mm X 12 mm) that
was then capped. The tubes and contents
were digested for 30 min at room tem-
perature. Then, 4 mL of 0.1 M phosphate
buffer (pH 6) was added to the solution,
which was mixed and centrifuged at 3000
rpm for 10 min before it was applied to
the SPE column.

Solid-Phase Extraction

SPE columns were conditioned by the
sequential addition of 3 mL of methanol,
3 mL of DI water, and 1 mL of 0.1 M
phosphate buffer (pH 6). Each liquid was
allowed to percolate through the sorbent
using gravity without allowing the sorbent
to dry out between steps.

Following the passage of the methanol,
DI water, and 0.1 M phosphate buffer (pH
6) through the SPE columns, each diluted
sample (that is, calibrator, control, and
case item) was loaded on to an individu-
ally marked SPE tube and allowed to pass
through the sorbent using gravitational
flow. The columns were then washed with
sequential additions of 3 mL of DI water, 1
mL of 0.1 M acetic acid, and 3 mL of meth-
anol. The SPE columns were then dried by
applying a vacuum to the SPE manifold at
15 in. of mercury pressure using an electric
vacuum pump.

The analytes were eluted from the SPE
columns by the addition of 3 mL of a
78:20:2 methylene chloride—isopropa-
nol-ammonium hydroxide solution. This
solution was prepared daily by adding
2 mL of concentrated ammonium hydrox-
ide solution to 20 mL of isopropanol and
mixing well. Then, 78 mL of methylene
chloride was added to this solution and
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Figure 3: Chromatogram of hair analysis containing amphetamines and synthetic
cathinones at the LOQ (0.1 ng/mg). See Table | for compound identification.
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Figure 4: Chromatogram of genuine hair demonstrating the presence of amphet-
amine only (upper trace). Lower trace indicates internal standards. See Table | for

compound identification.

the resultant solution was transferred to a
clean screw-top bottle for use. A screw-top
bottle ensures that the basicity of the solu-
tion remains high by eliminating any loss
of ammonia from the bottle. The elution
solvent was allowed to flow through the
SPE sorbent with the aid of gravity and
collected in separate glass tubes (75 mm X
12 mm). Glass tubes were chosen because
they are standard laboratory materials
within this toxicology laboratory.
Following elution, 200 pL of a solu-
tion containing 95% of mobile-phase A
and 5% of mobile-phase B was added to

each sample tube. The tubes were vortex
mixed for approximately 1 min before
the eluates were evaporated to the mobile
phase using a gentle stream of nitrogen at
35 °C. After further vortex mixing, the
samples were transferred to an autosam-
pler vial (2 mL) containing a low-volume
insert (250 pL) and the vial was capped
for analysis.

Matrix Effects

Studies of the matrix effects were per-
formed according to a previously pub-
lished procedure (23). In this part of
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the study, aliquots of amphetamine and
synthetic cathinones (covering the linear
range) were introduced into 200 pL of a
solution containing 95% of mobile-phase
A and 5% mobile-phase B. Each elution
solution was evaporated to remove the
organic component until only the mobile
phase remained and then they were ana-
lyzed by LC-MS-MS (analysis A). Con-
currently, a set of hair samples were sub-
jected to the SPE process; after elution of
the analytes from the SPE columns, the
elution solvent was spiked with amphet-
amine, and 200 pL of mobile phase (95:5
A-B) was added, and then the solution
was evaporated to the mobile phase (anal-
ysis B). A second set of hair samples was
spiked with amphetamine and synthetic
cathinones and processed via the SPE
method. After elution, 200 uL of mobile
phase was added and after vortex mixing,
the solution was evaporated to the mobile
phase (analysis C). The data (peak areas)
for analyses A, B, and C were collected
by the data analysis software. By compar-
ing the peak areas of analysis B with those
of A, an assessment of matrix effects was
made. The comparison of peak areas for
C with B provided data for the recoveries.

Amphetamine and synthetic cathinone
solution (concentration: 50 ng/mg) was
infused into the tandem mass spectrom-
eter using the on-board syringe pump
(controlled by the data analysis software)
via a Hamilton syringe (model 1001TLL,
1 mL volume, supplied by Fisher Scien-
tific) at a flow rate of 5 pL/min. At the
same time as the amphetamine solution
was flowing into the mass spectrometer,
a 10-pL aliquot of the SPE-extracted
hair matrix (samples of hair confirmed
to contain no drug material) was injected
using the autosampler syringe on the Shi-
madzu liquid chromatograph. The liquid
chromatograph and mass spectrometer
were arranged so that samples from the
liquid chromatograph were mixed into
the flow of amphetamine and synthetic
cathinones via a three-port tee section
before the total flow entered the mass
spectrometer. Any suppression effects on
the amphetamine could be monitored at
the MRM step for the noted drugs.

Selectivity

When analyzing samples of hair extracts
via SPE and LC-MS-MS it is essential
to ensure that the interfering effects of
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other drug compounds can be elimi-
nated. In this procedure, samples of hair
extracts were spiked with 49 drugs at a
concentration equivalent to 100 ng/mg
of hair sample: (bupropion, lidocaine,
methadone, amitriptyline, nortripty-
line, thioridazine, trazodone, mesorida-
zine, meperidine, diphenhydramine,
phenyltoloxamine, imipramine, desip-
ramine, benztropine, trimethoprim, dil-
tiazem, haloperidol, strychnine, morphine,
codeine, 6-acetylmorphine, oxycodone,
oxymorphone, hydrocodone, noroxy-
codone, hydromorphone, diazepam,
nordiazepam, oxazepam, temazepam,
alprazolam, a-hydroxyalprazolam, loraz-
epam, triazolam, a-hydroxytriazolam,
flunitrazepam, 7-amino-flunitraze-
pam, chlordiazepoxide, midazolam,
a-hydroxymidazolam, flurazepam, desal-
kyl-flurazepam, cocaine, ecgonine methyl
ester, ecgonine ethyl ester, benzoylecgonine,
cocaethylene, clonazepam, and 7-amino-
clonazepam) and extracted according to
the SPE method. It was observed that the
interfering effect of these compounds was
not found to be significant.

Results and Discussion

Recovery

The mean recovery of amphetamine and
synthetic cathinones from drug-free hair
samples was determined to be 95% (£2%).
This is an excellent indicator for the effi-
ciency of the extraction procedure of
amphetamines and synthetic cathinones
using hair as a matrix. This procedure
was performed twice daily over a period
of five days.

Imprecision of Analysis
The results of the analysis of the spiked
control samples of hair (2 ng/mg and
8 ng/mg, respectively) are shown in Table
I1. Analysis of the control samples was per-
formed at the same time as the calibration
curves were constructed — that is, over a
period of five days. Control samples were
prepared by adding the amphetamine and
synthetic cathinone solution to the hair
sample (10 mg) in the digestion mixture
and treating as per the test samples.
Intraday and interday variation for the
analysis of amphetamines and synthetic
cathinones was found to be less than 7%
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and less than 10%, respectively. Ion sup-
pression studies revealed that suppression of
the monitored ions was less than 5%. This
method was found to be linear (2 > 0.995)
over the dynamic range 0.1-10 ng/mg.

Limit of Detection and

Limit of Quantification

The limit of detection (LOD) of a particular
method can be defined as the level at which
the signal-to-noise ratio for the particu-
lar analyte is greater than or equal to 3:1.
The limit of quantification (LOQ) for the
method is the level at which the signal-to-
noise ratio for a particular analyte is greater
than or equal to 10:1. In this study, LOD
values were determined empirically by ana-
lyzing extracted samples of drug-free hair
fortified with amphetamines and synthetic
cathinones by LC-MS-MS according to
the SPE method. This was performed until
the lowest level at which each of the respec-
tive analytes just failed the signal-to-noise
ratio of 3:1. This was observed as 0.05 ng/
mg. In terms of LOQ, samples of drug-free
hair samples were spiked with amphet-
amines and synthetic cathinones at
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concentrations below 10 ng/mg and
extracted according to the SPE procedure
until the analytes just failed a signal-to-
noise ratio of 10:1; this value was found to
be 0.1 ng/mg. This is better than the rec-
ommendations by the Society of Hair Test-
ing (SoHT) of 0.2 ng/mg (24). Representa-
tive chromatograms at LOQ and genuine
hair sample are shown in Figures 3 and 4.

Solid-Phase Extraction
Because hair is a solid matrix, the sample
requires digestion to produce a liquid that
is able to flow through the SPE column.
As the digest is basic, buffering to pH 6
permits both efficient flow and optimal
sorbing of the drugs onto the SPE sorbent.
In using a mixed-mode (C8 and strong
cation-exchange chemistries), the sample
can be cleaned up via aqueous acid and
methanol washes, which leaves the drugs
in a much cleaner state than when they
were originally applied to the SPE column.
This effect is noted in the low matrix
effects and ion suppression values.

In this new methodology, the SPE elu-
ates are not evaporated to dryness as in

typical SPE procedures, but are evaporated
to a solution of mobile phase. Without the
addition of methanolic hydrochloric acid
to reduce their volatility, these drugs are
known to be lost during this evaporation
step. Using the mobile phase as a keeper
solvent permits the volatile amphetamines
and synthetic cathinones to be kept in solu-
tion and results in high recovery values by
eliminating the loss during the evaporation.

Tandem MS

In this methodology, LC-MS-MS has
been successfully applied to the extraction
and analysis of amphetamine and syn-
thetic cathinones rather than GC-MS in
which a multistep derivatization procedure
(that is, reaction with a fluoroacyl reagent
such as heptafluorobutyric anhydride),
evaporation, and reconstitution in a vola-
tile solvent is required not only to quan-
tify, but also to confirm the identity of the
amphetamine or synthetic cathinone. By
using LC-MS-MS with specific MRM
values, amphetamine and synthetic cathi-
nones can be targeted, confirmed, and
quantified in hair samples without the use
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of derivatization. Coupling this procedure
with a quick LC method offers analysts
the ability of determine concentrations of
the drug within a short turnaround time.

Concentrations of

Amphetamines and Synthetic
Cathinones in Genuine Hair Sample

It was observed that the donor hair sample
contained only amphetamine (confirmed by
aprescription of Adderall). The concentration
was found to be 1.2 ng/mg. The synthetic
cathinones (butylone, ethylone, flephedrone,
mephedrone,methylone, methedrone, meth-
cathinone [4-MEC], methylenedioxypyra-
valerone [MDPV], and pyravalerone) were
not observed in the sample and neither were
methamphetamine, MDA, or MDMA.
Although studies were not performed on
different colored hair samples, the recoveries
of the drugs on donated hair samples (gray)
were notably high.

Conclusion

The use of hair samples is recognized as an
alternative specimen of choice for the foren-
sic and clinical analysis of drugs. Analysts
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around the world are going to be asked
to test it on a routine basis. With this in
mind, this SPE and LC-MS-MS proce-
dure will offer these facilities the ability to
perform a quick and efficient analysis of
amphetamine and synthetic cathinones in
small samples of hair. The novel use of the
mobile phase as the keeper solvent serves
to improve efficiency and maintain high
recovery values.
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Application of Pyrolysis-Gas
Chromatography-Mass Spectrometry for
the Identification of Polymeric Materials

The analytical pyrolysis technique hyphenated to gas
chromatography-mass spectrometry (GC-MS) has extended the
range of possible tools for the characterization of synthetic polymers
and copolymers. Pyrolysis involves thermal fragmentation of the
analytical sample at temperatures of 500-1400 °C. In the presence of
an inert gas, reproducible decomposition products characteristic for
the original polymer or copolymer sample are formed. The pyrolysis
products are chromatographically separated using a fused-silica
capillary column and are subsequently identified by interpretation
of the obtained mass spectra or by using mass spectra libraries.

The analytical technique eliminates the need for pretreatment by
performing analyses directly on the solid or liquid polymer sample.
In this article, application examples of analytical pyrolysis
hyphenated to GC-MS for the identification of different polymeric

Peter Kusch*, Gerd Knupp?*,
Wolfgang Fink*, Dorothee
Schroeder-Obst*, Volker Obst?,
and Johannes Steinhaus*
*Hochschule Bonn-Rhein-Sieg, University of
Applied Sciences, Department of Applied
Natural Sciences, Rheinbach, Germany;
*Volker Obst, Dr. Obst Technische Werk-
stoffe GmbH, Rheinbach, Germany. Direct
correspondence to: Peter.Kusch@h-brs.de

materials in the plastic and automotive industry, dentistry, and

occupational safety are demonstrated. For the first time, results

of identification of commercial light-curing dental filling material

and a car wrapping foil by pyrolysis—-GC-MS are presented.

tructural analysis and the study

of degradation properties are

important to understand and
improve performance characteristics
of synthetic polymers and copolymers
in many industrial applications. Tra-
ditional analytical techniques used for
characterization of polymers and copo-
lymers such as thermal analysis and
Fourier transform infrared (FT-IR)
spectroscopy have limitations or are not
sufficiently sensitive (1). Pyrolysis tech-
niques hyphenated to gas chromatogra-
phy—mass spectrometry (GC-MS) have
extended the range of possible tools for
the characterization of synthetic poly-
mers and copolymers. Under controlled
conditions, at elevated temperatures
(500-1400 °C) in the presence of an
inert gas, reproducible decomposition

products characteristic for the origi-
nal polymer or copolymer sample are
formed. The pyrolysis products are
chromatographically separated using
a fused-silica capillary column and
subsequently identified by interpreta-
tion of the obtained mass spectra or
by using mass spectra libraries (such as
the National Institute of Standards and
Technology [NIST] or Wiley). Pyrolysis
methods eliminate the need for pretreat-
ment by performing analyses directly on
the solid polymer or copolymer sample
(1). (Please note that this article was
presented at the XVII European Con-
ference on Analytical Chemistry, which
was held in Warsaw, Poland, on August
25-29, 2013).

Most of the thermal degradation
results from free radical reactions
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LC-MS analysis for 55 amino acids in 10 minutes

arginine (Arg, m/z 175.1)
1 ornithine (Om, miz 133.1)
| hydroxylysine (Hylys, m/z 163.0)
}I__:_ysme {Lys, miz 147.0)
| camnosine (Car, m/z 227.1)

anserine (Ans, mfz 241.1)

a) 1-methylhistidine (1-Mehis, m/z 170.1)
| b) 3-methythistidine (3-Mehis)

histidine (His, m/z 156.0)
2-aminoethanol (EtOHNH2, m/z 62.1)
cystathionine (Cysthi, m/z 223.1)

No pre- or post-
labeling required

S-aminolevulinic acid (m/z 132.0)
cystine ((Cys)2, m/z 241.0)

a) a-aminobutyric acid ( «-Abu) |
b) g-aminobutyric acid (2-Abu) |
¢} A-aminoisobutyric acid (/i -Aiba,

) o-phosphoethanolamine (m/z 142.0)
d) r-aminobutyric acid (GABA, m/z 104.0)

5-aminovaleric acid (m/z 118.1)

| glycylproline (Gly-Pro, miz 173.1)
_o-phosphoserine (Ser (P), m/z 186.0)
citrulline (Cit, m/z 176.1)
asparagine (Asn, m/z 133.0)
glycine (Gly, m/z 76.4)
glutamine (Gln, m/z 147.0)
serine (Ser, miz 106.1)

a b e a) alanine (Ala, m/z 90.0)
b) sarcosine (Sar)
c) g-alanine (3-Ala)

aspartic acid (Asp, m/z 134.0)
threonine (Thr, m/z 120.1)

e a) o-methylserine (m/z 120.1)
A b) allo-threonine (allo-Thr)
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hydroxyproline (Hyp, m/z 116.0)
proline (Pro, m/z 116.0)
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cysteine (Cys, m/z 122.0)

a) norvaline
b) valine (Val, m/z 118.0)

-aminopimelic acid (Apm, m/z 162.1)

a) leucine (Leu, m/z 132.0)

b) isoleucine (lie)

Intrada Amino Acid, 50 x 3 mm

A: ACN / THF / 26mM Ammonium formate / Formic acid =9/75/16/0.3
B: ACN / 100mM Ammonium formate = 20 / 80

Gradient Conditions:

allo-isoleucine (m/z 132.0)
.'_ norleucine (m/z 132.0)
methionine (Met, m/z 150.0)

| tyrosine (Tyr, m/z 182.0)
phenylalanine (Phe, m/z 166.0)
.:' l". tryptophan (Trp, m/z 205.0)

thioproline (m/z 134.0)
cysteic acid (Cys(O3H), m/z 170.0)

0 %B (0-2.5min)

0-17 %B (2.5-6.5 min)

100 %B (6.5-10 min)

0.6 mL/min (6MPa), 35 °C, 5 pL (1pumol/mL)
ESI (SIM, positive)

0 25 5 75

10 min
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Sample injector

Septum injector

Carrier gas =— —— Septum purge

Quartz furnace liner

Furnace assembly

Adaptor fitting

Transfer tube
existing GC injector port

Figure 1: Schematic view of the furnace
pyrolyzer used in this study.

initiated by bond breaking and depends
on the relative strengths of the bonds
that hold the molecules together. A
large molecule will break apart and
rearrange in a characteristic way (2-4).
If the energy transfer to the sample is
controlled by temperature, heating rate,
and time, the fragmentation pattern is
reproducible and characteristic for the
original polymer or copolymer. Another
sample of the same composition, heated
at the same rate to the same temperature
for the same period of time, will pro-
duce the same decomposition products.
Therefore, the essential requirements
of the apparatus in analytical pyrolysis
are reproducibility of the final pyroly-
sis temperature, rapid temperature
rise, and accurate temperature control.
Depending on the heating mechanism,
pyrolysis systems have been classified
into two groups: the continuous-mode
pyrolyzer (furnace pyrolyzer) and pulse-
mode pyrolyzer (flash pyrolyzer, such as
the heated filament, Curie-point, and
laser pyrolyzer). The pyrolysis unit is
directly connected to the injector port
of a gas chromatograph. A flow of an
inert carrier gas, such as helium, flushes
the pyrolyzates into the fused-silica

www.chromatographyonline.com
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Figure 2: Pyrolysis—GC-MS chromatogram of plastic particles from industrial filter fins
at 700 °C obtained with apparatus 1. Fused-silica GC capillary column: 60 m X 0.25
mm, 0.25-pm d; Elite-5ms. GC conditions: programmed column temperature: 60 °C for
1 min, then 60-100 °C at 2.5 °C/min and then 100-280 °C at 10 °C/min (20 min hold
at 280 °C); split-splitless injector temperature: 250 °C; split flow: 50 cm3/min; helium
programmed pressure: 70 kPa for 1 min, then 70-110 kPa at 1 kPa/min (hold at 110
kPa to the end of analysis). For peak identification, see Table I.

Table I: Pyrolysis products and identified materials in plastic particles from
industrial filter fins

Retention Pyrolysis Product at Matching Identified Material

Time t (min) 700 °C Factor

5.44 Propylene 820 Polypropylene glycol

5.58 1-Butene/1,3-butadiene | 840 Styrene-butadiene rubber (SBR)

5.86 Acetone 850 Polypropylene glycol

6.13 Pentadiene 885 SBR

7.43 Benzene 954 SBR

9.72 Toluene 863 SBR

10.51 Cyclopentanone 033 Poly(hexamethylene adipamide)
(nylon 6-6)

11.81 2-Cyclopenten-1-one 206 Poly(hexamethylene adipamide)
(nylon 6-6)

14.39 Styrene 851 SBR

28.15 4-1sopropylphenol 944 Polycarbonate or bisphenol A
epoxy resin

40.40 N-Phenyl-1-naphthalen- | 4,q Antioxidant

amine

capillary column. Figure 1 shows the
schematic view of the furnace pyrolyzer
used in our investigation. The detection
technique of the separated compounds
is typically MS, but other GC detectors
have also been used depending on the
intentions of the analysis (1,4).

The applications of analytical pyrol-
ysis—=GC-MS range from research and
development of new materials, quality
control, characterization and competi-

tor product evaluation, medicine, biol-
ogy and biotechnology, geology, air-
space, and environmental analysis to
forensic purposes or conservation and
restoration of cultural heritage. These
applications cover analysis and identi-
fication of polymers, copolymers, and
additives in components of automo-
biles, tires, packaging materials, textile
fibers, coatings, half-finished products
for electronics, paints or varnishes,
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Figure 3: Pyrolysis—-GC—-MS chromatogram of a car wrapping material at 600 °C
obtained with apparatus 1. Fused-silica GC capillary column 60 m X 0.25 mm,
0.25-pm d; Elite-5ms. GC conditions: programmed column temperature: 60 °C for
1 min, then 60-100 °C at 2.5 °C/min and then 100-280 °C at 10 °C/min (20 min
hold at 280 °C); split-splitless injector temperature: 250 °C; split flow: 50 cm3/
min; helium programmed pressure: 70 kPa for 1 min, then 70-110 kPa at 1 kPa/
min (hold at 110 kPa to the end of analysis). For peak identification, see Table Il.
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Figure 4: Pyrolysis—GC-MS chromatogram of polyaramid fibers at 900 °C obtained
with apparatus 2. Fused-silica GC capillary column: 59 m X 0.25 mm, 0.25-um d;
DB-5ms. GC conditions: programmed column temperature: 75 °C for 1 min, then
75-280 °C at 7 °C/min (hold to the end of analysis); programmed pressure of he-
lium carrier gas: 122.2 kPa for 1 min, then 122.2-212.9 kPa at 7 kPa/min (hold at
212.9 kPa to the end of analysis). For peak identification, see Table IIl.

lacquers, leather, paper or wood prod-
ucts, food, pharmaceuticals, surfac-
tants, and fragrances.

Our earlier publications (1,5-12)
presented the analysis and identifica-
tion of degradation products of com-
mercially available synthetic polymers
and copolymers by using analytical
pyrolysis hyphenated to gas chroma-
tography with flame ionization detec-
tion (GC-FID) and GC-MS. In this
work, new examples of applications of
this analytical technique for the identi-
fication of different polymeric materi-
als are demonstrated.

Experimental

Samples

Plastic particles from industrial filter
fins, a car wrapping foil, unknown
fibers, and commercial light-curing
dental filling material were used in the
investigation.

Instrumentation and

Analytical Conditions

Approximately 100-200 pg of solid
sample was cut out with a scalpel and
inserted without any further prepa-
ration into the bore of the pyrolysis
solids-injector and then placed with
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the plunger on the quartz wool of the
quartz tube of the furnace pyrolyzer
Pyrojector II (SGE Analytical Science).
Three spots on each sample were ana-
lyzed in duplicate. The pyrolyzer was
operated at a constant temperature of
550, 600, 700, or 900 °C. The pressure
of helium carrier gas at the inlet to the
furnace was 95 kPa.

Pyrolysis—GC-MS measurements
were made using two apparatus. In
the first apparatus (1), the pyrolyzer
was connected to a Trace 2000 gas
chromatograph (ThermoQuest, CE
Instruments) with a quadrupole mass
spectrometer Voyager (ThermoQuest,
Finnigan, MassLab Group) operated in
electron ionization (EI) mode. A 60 m X
0.25 mm, 0.25-um Elite-5ms fused-sil-
ica GC capillary column (PerkinElmer
Instruments) was used. The GC condi-
tions were as follows: programmed col-
umn temperature: 60 °C for 1 min, then
60-100 °C at 2.5 °C/min, 100-280 °C
at 10 °C/min (20-min hold at 280 °C).
The temperature of the split—splitless
injector was 250 °C and the split flow
was 50 cm?®min. Helium, grade 5.0
(Westfalen AG), was used as a carrier
gas. The helium programmed pressure
was 70 kPa for 1 min, then 70-110 kPa
at 1 kPa/min (hold at 110 kPa to the
end of analysis) was used. The transfer
line temperature was 280 °C. The MS
EI ion source temperature was kept at
250 °C. The ionization occurred with
a kinetic energy of the impacting elec-
trons of 70 ¢V. The current emission of
the rhenium filament was 150 pA. The
MS detector voltage was 350 V. Mass
spectra and reconstructed chromato-
grams (total ion current [TIC]) were
obtained by automatic scanning in the
mass range m/z 35-450 u. Pyrolysis—
GC-MS data were processed with the
Xcalibur software (ThermoQuest) and
the NIST 05 mass spectra library.

In the second apparatus (2), the pyro-
lyzer was connected to a 7890A gas
chromatograph with a series 5975C
quadrupole mass spectrometer (Agi-
lent Technologies Inc.) operated in EI
mode. A 59 m X 0.25 mm, 0.25-pm
d; DB-5ms fused-silica GC capillary
column (J&W Scientific) was used.
Helium, grade 5.0 (Westfalen AG), was
used as a carrier gas. The GC con-
ditions were as follows: programmed
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Table II: Pyrolysis products and identified materials in car wrapping foil

5.49 Hydrogen chloride 945 Poly(vinyl chloride) (PVC)

5.58 Methyl chloride 800 PVC

5.64 1-Butene 938 PVC

6.01 1,3-Pentadiene 921 PVC

6.99 Tetrahydrofuran 769 Solvent

7.29 1,4-Cyclohexadiene 923 PVC

7.48 Benzene 945 PVC

8.20 Methyl methacrylate 750 :’:'\IX&mAe)thyl i)

9.78 Toluene 904 PVC

10.29 2-Ethyl-1-hexene 890 ?;gi't?:ifz":r;‘exy') Pl el

10.46 Cyclopentanone 912 zz:iyé:fz‘:;?;:hg_'g)ne adip-

10.53 1-Octene 907 PVC

14.47 Styrene 934 PVC

17.33 2-Ethylhexanal 856 ?;?gzs'tfcti;“é':)‘exy') pliidel i

20.57 2-Ethyl-1-hexanol 916 ety eyl phthalate

21.07 o-Methylstyrene 888 PVC

21.43 Indene 870 PVC
2,6-Bis-(1,1-dimethylethyl)-4-

22.99 p-tert-Butyltoluene 856 methylphenol (BHT)
(antioxidant) (?)

25.93 Naphthalene 920 PVC

28.46 2-Methylnaphthalene 862 PVC

28.63 Phthalic anhydride 906 ?;?gzs-t?;xr;exyn phthalate

28.79 1-Methylnaphthalene 875 PVC

36.69 3,3-Diphenylacrylonitrile | 937 Adhesive layer

N
|
H

"OH

n

Figure 5: Chemical structure of poly(p-phenylene terephthalamide) (polyaramid).
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column temperature: 60 °C for 1 min,
then 60—280 °C at 7 °C/min (hold at 280
°C to the end of analysis); programmed
helium pressure: 122.2 kPa for 1 min,
then 122.2-212.9 kPa at 7 kPa/min (hold
at 212.9 kPa to the end of analysis). Sec-
ond set of GC conditions: programmed
column temperature: 75 °C for 1 min,
then 75-280 °C at 7 °C/min (hold at 280
°C to the end of analysis); programmed
helium pressure: 122.2 kPa for 1 min,
then 122.2-212.9 kPa at 7 kPa/min (hold
at 212.9 kPa to the end of analysis).

The temperature of the split—split-
less injector was 250 °C and the split
ratio was 50:1. The transfer line tem-
perature was 280 °C. The MS EI ion
source temperature was kept at 230 °C.
The ionization occurred with a kinetic
energy of the impacting electrons of
70 eV. The quadrupole temperature
was 150 °C. Mass spectra and recon-
structed chromatograms (total ion cur-
rent) were obtained by automatic scan-
ning in the mass range m/z 35-750
u. Pyrolysis-GC-MS data were pro-
cessed with the ChemStation software
(Agilent Technologies) and the NIST

05 mass spectra library.

Results and Discussion
Pyrolysis—GC-MS of Plastic
Particles from Industrial Filter Fins
A sample of plastic particles from indus-
trial filter fins was pyrolyzed at 700 °C to
identify its composition. Figure 2 shows
the obtained pyrolysis-GC-MS chro-
matogram of the sample. Based on the
decomposition products summarized in
Table I, the plastic particles were identi-
fied as a mixture of poly(hexamethylene
adipamide) (nylon 6-6) and polypro-
pylene glycol with a small amount of
styrene—butadiene-rubber (SBR). The
peaks of propylene and acetone indi-
cate the presence of polypropylene gly-
col. The main decomposition product of
nylon 6-6 is cyclopentanone (retention
time [zp] = 10.51 min). Other peaks in
Figure 2, like butene/1,3-butadiene (tg =
5.58 min), benzene (z; = 7.43 min), tol-
uene (f = 9.72 min), and styrene (¢ =
14.39 min) are typical pyrolysis products
of SBR (1,2,5,6,18). The small peak of
4-isopropylphenol (#, = 28.15 min) may
be a clue to the presence of polycarbon-
ate or bisphenol A epoxy resin (5,6). All
of the pyrolysis products and the materials
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identified from pyrolysis products in fil-
ter fins are summarized in Table L

Pyrolysis—GC-MS of

a Car Wrapping Foil

The nextobject of identification wasa car
wrapping foil pyrolyzed at 600 °C. Fig-
ure 3 shows the obtained pyrolysis—GC—
MS chromatogram of the car wrapping
foil. Based on the decomposition prod-
ucts summarized in Table II, the plastic
material was identified as a mixture of
flexible poly(vinyl chloride) (PVC) with
bis(2-ethylhexyl) phthalate (BEHP)
plasticizer and poly(hexamethylene
adipamide) (nylon 6-6). The chromato-
gram in Figure 3 shows the typical
pyrolysis products of PVC, like hydro-
gen chloride (# = 5.49 min), benzene (¢
= 7.48 min), and naphthalene (z; = 25.93
min). This is the result of the formation
of double bonds by the elimination of
hydrogen chloride from the poly(vinyl
chloride) macromolecules, followed by
the breaking of the carbon chain with
or without cyclization reaction (2). The
= 10.46

min) is generally known as character-

detected cyclopentanone (zy

istic pyrolysis product of nylon 6-6
(2,3,6). Methyl methacrylate (¢ = 8.20
min) identified in pyrolyzate is formed
from poly(methyl methacrylate) (6) and
most likely comes from the adhesive
film. Thus, the identified 3,3-diphen-
ylacrylonitrile (#; = 36.69 min) may be
from the adhesive layer of the foil.

The thermal decomposition of the
plasticizer bis(2-ethylhexyl) phthalate
identified in car wrapping foil leads to
the formation at 600 °C of 2-ethyl-1-
hexene (tR =10.29 min), 2-ethylhexanal
(tg = 17.33 min), 2-ethyl-1-hexanol (¢ =
20.57 min), and phthalic anhydride (s
= 28.63 min) (1,7). In the car wrapping
material, the rest of the tetrahydrofuran

solvent (¢ = 6.99 min) was also detected.
Table II shows the identified ingredients
of the pyrolyzed car wrapping foil.

Identification of

Unknown Plastic Fibers

A sample of unknown plastic fibers
was pyrolyzed at 700 °C and 900 °C,
respectively, to identify its composition.
Figure 4 shows the pyrolysis—GC-MS
chromatogram of the sample pyrolyzed
at 900 °C. Based on the decomposition
products summarized in Table III, the

fibers were identified as polyaramid
[poly(p-phenylene terephthalamide)]
(Figure 5). The main identified degrada-
tion products of polyaramid at 900 °C are
benzene (¢ = 7.56), aniline (¢ = 11.61
min), and benzonitrile (; = 11.81 min).
Currently, polyaramid fibers have only
been characterized in a few publications
using thermal analysis (thermogravimetry,
derivative thermogravimetry, and differ-
ential thermal analysis), infrared spectros-
copy techniques (13-15), and pyrolysis—
GC-MS (2,16-19).

MARCH 2014 LCGC NORTH AMERICA VOLUME 32 NUMBER 3 215

Polyaramid fibers are a class of heat-
resistant, strong synthetic fibers. They
are used in aerospace and military
applications for ballistic-rated body
armor, fabric, ballistic composites, and
fire fighters protective clothing as well
as in bicycle tires and as an asbestos
substitute.

Identification of Commercial

Light-Curing Dental Filling Material
A number of dental filling materials are
presently available for tooth restorations.
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ble o prod of po d fib
1 6.52 Carbon dioxide 957
2 6.70 Acrylonitrile 896
3 7.56 Benzene 968
4 8.50 Toluene 918
5 10.20 Styrene 924
6 11.30 Isocyanatobenzene 947
7 11.61 Aniline 959
8 11.81 Benzonitrile 967
9 16.98 1,2-Benzodinitrile 959
10 17.02 1,4-Benzodiamine 905
1 19.60 Biphenyl 957
12 26.19 Acridine 931
13 26.64 1,1-Biphenyl-4-amine 960
14 28.31 Carbazole 928
15 30.01 N-Phenylbenzamide 916
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Figure 6: Pyrolysis—GC-MS chromatogram of commercial light-curing dental filling
material at 550 °C obtained with apparatus 2. Fused-silica GC capillary column: 59 m
%X 0.25 mm, 0.25-ym d; DB-5ms. GC conditions: programmed column temperature:
60 °C for 1 min, then 60-280 °C at 7 °C/min (hold at 280 °C to the end of analysis);
programmed helium pressure: 122.2 kPa for 1 min, then 122.2-212.9 kPa at 7 kPa/min
(hold at 212.9 kPa to the end of analysis). For peak identification, see Table IV.

The four main groups of these materi-
als, which dentists have used for about
35 years, are the conventional glass-ion-
omer cements, resin-based composites,
resin-modified glass-ionomer cements,
and polyacid-modified resinous com-
posites (20). Light-curing glass-iono-
mer cements contain polyacrylic acid,
chemically or photo-curing monomers
(multifunctional methacrylates, like
triethylene glycol dimethacrylate or
2-hydroxyethyl methacrylate), an ion-
leaching glass, and additives (initiators,

inhibitors, stabilizers, and others) (20).
Resin-modified glass-ionomer cements
are now widely used in dentistry as
direct filling materials, liners, bases,
luting cements, and fissure sealants
(21). These materials mainly consist
of polymer matrix and glass-ionomer
parts. The polymer matrix is based on
a monomer system and different mul-
tifunctional methacrylates with addi-
tives (21). Methacrylic monomers, such
as bisphenol A glycidyl methacrylate
(Bis-GMA), urethane dimethacrylate

www.chromatographyonline.com

(UDMA), triethylene glycol dimethac-
rylate (TEGDMA), and 2-hydroxyethyl
methacrylate (HEMA), are the main
components of resin-based dental fill-
ing materials. The presence of additives
such as initiators, activators, inhibitors,
and plasticizers in uncured dental mate-
rial mixture is necessary (21).

Figure 6 shows the total ion current
pyrolysissGC-MS chromatogram of
commercial light-curing dental fill-
ing material pyrolyzed at 550 °C. The
pyrolysis products identified by using
mass spectra library NIST 05 are
summarized in Table IV. The carbon
dioxide (#; = 6.85 min) identified in
pyrolyzate is formed from polyacrylic
acid (2,18). The identified substances
2-hydroxyethyl methacrylate (HEMA)
(tfg = 13.65 min), ethylene glycol
dimethacrylate (EGDMA) (¢, = 19.48
min), and triethylene glycol dimeth-
acrylate (TEDMA) (z;, = 28.72 min)
are known as standard composites of
dental filling materials (1). Other com-
pounds in Table IV, such as bisphe-
nol A (#; = 33.10 min) or bisphenol A
diglycidyl ether (z; = 42.42 min), are
probably formed by thermal degrada-
tion of bisphenol A diglycidyl mono-
or dimethacrylates. The presence of
the additives, such as the antioxidant
2,6-bis(1,1-dimethylethyl)-4-methyl-
phenol (BHT) (¢ = 23.17 min) or the
UV-absorber drometrizol (¢; = 31.95
min) was also confirmed. The triphe-
nylantimony (z, = 34.55 min) identi-
fied in pyrolyzate is used as catalyst in
the UV-induced polymerization (1).

Conclusion

Analytical pyrolysis—-GC-MS has
been proven as a valuable technique
for the analysis and identification of
organic polymeric materials in the
plastic and rubber industry. For the
first time pyrolysis—GC-MS was used
for the identification of commercial
light-curing dental filling material and
for the identification of a car wrapping
foil. This technique allows the direct
analysis of very small sample amounts
(5-200 pg) without the need for time-
consuming sample preparation.
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PRODUCTS & RESOURCES

MS system

The ionKey/MS system from
Waters is designed for appli-
cations such as bioanalyses,
pharmacokinetics studies, food
safety analyses, and environ-
mental analyses. According to
the company, the system is
intended for use with the com-
pany’s Acquity UPLC M-Class
system and Xevo TQS mass
spectrometer.

Waters Corporation,
Milford, MA.
www.waters.com/ionkey

HPLC columns
Diamond-based Flare HPLC columns
from Diamond Analytics are designed
to expand the existing range of analyt-
ical capabilities in separation. Accord-
ing to the company, the columns are
stable at pH 11.3 and 120 °C and can
be regenerated for repeat use.
Diamond Analytics,

Orem, UT.
www.diamond-analytics.com

GC autosampler

The Flex Series GC autosampler from EST
Analytical is designed for both end users
and OEM applications. According to the
company, the autosampler has liquid injec-
tion capability with an upgrade path to
headspace or SPME analysis.

EST Analytical,

Fairfield, OH.

www.estanalytical.com

Thermal desorption autosampler
The 7500 TD autosampler
from CDS Analytical is
designed as an extension

of the company's 7400
purge-and-trap autosampler.
According to the company,
the autosampler has the
ability to change between
TD tubes for air and VOA
vials for soil and water
analysis.

CDS Analytical,

Oxford, PA.
www.cdsanalytical.com

SEC system

Agilent's 1260 Infinity Multi-Detector
Bio SEC Solution system is designed
for the analysis of proteins and
biotherapeutics. According to the
company, the instrument includes

a photodiode-array detector and

a light-scattering detector, bioinert
flowpaths, and intuitive software

to determine accurate molecular
weight, size, and aggregate presence
with high reproducibility.

Agilent Technologies,

Santa Clara, CA.
www.agilent.com/chem/infinity-bio-sec

HPLC and UHPLC columns product bulletin

A product bulletin from Advanced Mate-
rials Technology contains information
about the company's BioClass reversed-
phase HPLC and UHPLC columns.
According to t_he company, the eight- = HALS:
page bulletin includes nine figure that “ BIOCLASS
illustrate the benefits of the columns.
The bulletin also includes product speci-
fications and part numbers.

Advanced Materials

Technology, Inc.,

Wilmington, DE.
www.advanced-materials-tech.com

GC system

The TRACE 1300 gas chro-
matography system from
Thermo Scientific is designed
to conserve helium, permit use
of multiple detectors simulta-
neously, automate sampling
gas workflows, and perform
flame photometric detection.
According to the company, new
options include a helium-saver
module, a high-capacity auxil-
iary oven, a dedicated flame photometric detector, and a gas sampling
valve module. Thermo Fisher Scientific, Santa Clara, CA.
www.thermoscientific.com/trace1300

GC valves

Analytical Flow Products
GC valves from Norgren
are designed to prevent
cross-contamination and
excessive wear in challeng-
ing applications. According
to the company, a purge
groove design improves
data quality, extends instru-
ment life, increases environmental safety, and decreases downtime.
Norgren,

Littleton, CO.

WWW.NOrgren.com
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Gas generator

The Corona Nitrogen 1010 gas
generator from Peak Scientific is
designed to supply pure nitrogen to
Thermo Fisher Scientific's Corona
Veo charged aerosol detector.
According to the company, the
generator has been fully tested and
approved.

Peak Scientific,

Billerica, MA.
www.peakscientific.com

HPLC columns

Selectra HPLC columns from UCT
include a pentafluorophenylpropyl
phase, a polyaromatic phase, and a C18
phase. According to the company, the
columns are produced using high purity,
type B spherical silica, the material is
fully endcapped, and columns are avail-
able with either 3-um or 5-um particles.
UCT, LLC,

Bristol, PA.

www.unitedchem.com

SEC-MALS detector
The mDAWN multiangle
light scattering (MALS)
detector from Wyatt Tech-
nology is designed to be
coupled to any UHPLC sys-
tem to determine absolute
molecular weights and sizes
of polymers, peptides, and
proteins or other biopoly-
mers directly, without using
column calibration or refer-
ence standards. According to

the company, the instrument's flow cell volume is less than 10 mL.

Wyatt Technology Corp., Santa Barbara, CA.

www.wyatt.com

LC columns

ACE UltraCore solid-core LC
columns from Advanced
Chromatography Technologies
are designed to provide a low
column back pressure and are
available in SuperC18 and Super-
PhenyHexyl bonding. According
to the company, both phases
feature proprietary encapsu-
lated bonding technology for
peak shape and phase stability
across a pH range of 1.5 to 11.0.
Advanced Chromatogra-
phy Technologies Ltd,
Aberdeen, Scotland. www.ace-hplc.com

www.chromatographyonline.com

LC columns

Restek's Raptor ARC-18 superficially porous par-
ticle LC columns are designed for use with LC—
MS-MS systems. According to the company, the
columns can be used in low pH (<2.0) conditions
and provide consistent retention, peak shape, and
response for charged bases, neutral acids, and
small polar compounds.

Restek Corporation,

Bellefonte, PA. ™6}
www.restek.com

GPC instrument
Tosoh Bioscience's Eco-
SEC high-temperature
GPC system is designed
to be used at tempera-
tures ranging from 40 °C
to 220 °C. According to
the company, the dual-
pump system includes

a dual-flow refractive
index detector, a column
oven, system temperature
control, an autosampler, a
sample prep station, and control software.
Tosoh Bioscience, LLC, King of Prussia, PA.
www.tosohbioscience.com

Photodiode-array detector
Shimadzu's SPD-M30A
photodiode-array detector is
designed for a variety of HPLC
and UHPLC conditions and
reportedly can be used for

a range of analyses without
replacing its capillary cell.
According to the company, the
detector’s capillary cell allows
the peak from the principal
component and a 0.005% infinitesimal peak to be quantified
simultaneously.

Shimadzu Scientific Instruments,

Columbia, MD.

www.ssi.shimadzu.com

Reﬁort development and generation
sortware

Bruker Dash Reporting =
software, from Bruker gt 2 BoUN3

Chemical and Applied Mar- == et
kets is designed to provide
customized reporting that
centers on Dash Designer,

a purpose-built standalone
application that allows users
to position and closely for- =
mat report elements, and

preview reports with relevant data. According to the company, individual
elements can be sorted, filtered, resized, and formatted with common
editing operations and advanced functions.

Bruker Corporation, Fremont, CA. www.bruker.com
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Food safety analysis virtual conference
EMD Millipore's Lab Solutions
Virtual Conference on Food Safety
Analysis reportedly includes three
webinars: “ISO Standardization in
Food Microbiology and Quality of
Media," “The Importance of Water
Quality in Food Analyses,” and
“Monolith Chromolith Columns

— an Ideal Tool for the Analysis

of Food Samples with Complex
'Dirty" Matrices.” Registration for
on-demand viewing is available at
https://engage.vevent.com/index.
jspleid=2484&seid=425

EMD Millipore, Billerica, MA. www.millipore.com

Quick-connect system
The Opti-Lynx Il system from Opti-
mize Technologies is designed as a
combination of quick-connect hold-
ers with a selection of packed-bed
cartridges. According to the com-
pany, accessing and changing the
insert takes a quarter turn and the
connection is rated up to 6000 psi.
Optimize Technologies,

Oregon City, OR.
www.optimizetech.com

Sample cleanup workstation
The Freestyle workstation from

Pickering Laboratories is designed n’f
for automated sample cleanup Wish
work flow. The instrument is based l.-z‘

on a suspended rack design, with

an XY robot arm for liquid han-

dling. The workstation reportedly ]
is able to handle multiple flask

shapes with volumes ranging from

1 mLto 1L, and the instrument’s
software enables users to program multiple sample parameters
and to prepare graphical reports and audit logs. SPE, GPC, and
evaporation and solvent exchange modules are available.
Pickering Laboratories, Inc.,

Mountain View, CA. www.pickeringlabs.com

Capillary tubing
Polymicro's flexible fused-silica
capillary tubing is designed with an
outer diameter of 1/32 in. Accord-
ing to the company, the tubing
mates with existing 1/32-in. fit-
tings and is available in a range of
internal diameters from 50 pm to
500 pum.

Polymicro

Technologies,

Phoenix, AZ.

www.polymicro.com

MERCK MILLIPORE

www.chromatographyonline.com

Custom HPLC columns
Custom HPLC columns
from Hamilton are
designed to allow any of
the company's station-
ary phases to be packed
into almost any hardware
format. According to the
company, the HPLC sta-
tionary phases are available in varying particle sizes and in most
column hardware dimensions.

Hamilton, Company,

Reno, NV.

www.hamiltoncompany.com

Sorbents

Supelco's Supel QuUE

Z-Sep, Z-Sep/C18, and
Z-Sep+ sorbents are
designed to provide robust
LC-MS and GC-MS meth-
ods for a variety of ana-
lytes in difficult matrices.
According to the company,
the Z-Sep family of sor-
bents is available in 2-mL
and 12-mL tub formats for
QUEChERS.
Supelco/Sigma-Aldrich,
Bellefonte, PA.
wwuw.sigma-aldrich.com/zsep

Hydrogen gas generators
High-pressure hydrogen generators
from Parker Hannifin are designed

to produce up to 1300 cc/min of
99.99999+% pure hydrogen and
eliminate cylinders of hydrogen

fuel gases and helium carrier gases.
According to the company, a single
generator can support up to 20 instru-
ments with fuel and carrier gas.
Parker Hannifin,

Haverhill, MA.
www.parker.com/fns/balstonlabgas-
generators

Peptide mapping columns
AdvanceBio peptide map-

ping columns from Neta

Scientific are designed

for resolution and iden-

tification of amino acid
modifications in primary

structure. According to the
company, the columns fea-

ture a 120-A pore size with ‘ Agilent Technologies
superficially porous 2.7-uym S

particles.

Neta Scientific,

Hainesport, NJ.

www.netascientific.com
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EVENT OVERVIEW:

Are you faced with developing or improving
your sample preparation methods for unusual
matrices? If so, this seminar will provide a simple,
straightforward approach to modifications that
will increase compound recovery from unique
matrices focusing on QUEChERS and Solid Phase
Extraction methodology.

QuEChERS (Quick, Easy, Cheap, Effective,
Rugged and Safe) was developed to be a
simple, effective, and affordable way to extract
pesticide residues from a wide range of
fruit and vegetable matrices. The benefits of
QuEChERS are well documented, making this

( )
Presenter

Joan Stevens, Ph.D.

Senior Applications Scientist,
Sample Preparation Products
Agilent Technologies

J

technique very popular and easily executed in
the laboratory with common equipment such
as pipettes, vortexer, and centrifuge. Because
of the benefits QUEChERS provides as a sample
preparation technique, it is rapidly expanding to
other matrices and compound classes; it's just
not for fruits and vegetables anymore. Therefore,
simple modifications might be required to the
basic procedure to optimize compound recovery
from these unique matrices.

Sometimes a simple technique like QUEChERS
does not offer the degree of matrix removal
or LLOQ required. In that case, a solid phase
extraction (SPE) method is implemented to
provide ultimate cleanliness and recovery.
Method development for SPE is thought to be
an arduous task. However, with a simple step-by-
step approach, optimization of a SPE method is
easily obtained resulting in the desired results.

B Evaluating the components that make a sample
matrix complex

highest recovery and cleanliness

For questions, contact Kristen Moore at kmoore@advanstar.com

Key Learning Objectives:

B To be able to evaluate a unique sample
matrix and understand the parameters
that will need to be adjusted, evaluated

B How to systematically adjust parameters
easily

B Getting the most out of your sample
preparation technique: QUEChERS and SPE

Who Should Attend:

B Chemists and lab managers performing
GG, LC, or mass spectrometry for food,
forensic, environmental, chemical,
pharmaceutical, cosmetic, personal care,
and consumer goods testing, who need
to improve chromatographic results and
increase lab productivity by streamlining
their sample preparation processes.
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B Optimizing a QUEChERS method for unique o . |
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Ithough reversed-phase columns

(such as C18) are used in a wide

ange of applications, they often fail

to retain highly polar (or charged) analytes,
and offer limited selectivity.

Hydrophilic-interaction chromatogra-
phy (HILIC) is often used to analyze polar
analytes, but it encounters challenges such
as increased use of organic solvents, poor
solubility of analytes in highly organic media,
retention affects created by the sample matrix,
and a limitation to the extent to which the
retention of hydrophobic analytes can be
controlled.

Ion-exchange chromatography can be
used to retain charged molecules, but it fails
to retain neutral analytes and can show poor
selectivity for analytes of the same charge.

A current estimate of the usage of these
techniques is reversed phase ~-60+%; HILIC
or normal phase ~18%; ion exchange ~5%.

The use of mixed-mode stationary phases
can offer a solution to some of the problems
outlined above and their properties and appli-
cations can be summarized as follows:

* Mixed-mode chromatography is a
method that uses more than one separa-
tion mode; mainly reversed-phase com-
bined with ion-exchange interactions,
which allows the retention and separation
of both polar and nonpolar analytes in a
single analysis.

* The biggest benefit of this approach
is that selectivity can be optimized by
adjusting mobile-phase ionic strength, pH,
or organic solvent. As a result, the selectiv-
ity can be finely tuned for the separation
of compounds with widely different
physico-chemical properties. For example,
drug molecules and their counterions may
be separated in a single analysis.

*  Mixed-mode chromatography requires
no ion-pairing agents in the mobile phase

) ors onin:

Get the full tutorial at
www.CHROMacademy.com/Essentials
(free until April 20).
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for separating highly hydrophilic charged

analytes, which simplifies the mobile

phase and is compatible with mass spec-
trometry (MS).

A general schematic for the various
approaches to producing mixed-mode sta-
tionary phases is shown in Figure 1.

The mixed-beads approach in Figure 1 isa
blend of two different stationary phases into
a single column: reversed phase (in black)
and ion exchange (in red). Issues with this
approach include concerns regarding the
batch-to-batch reproducibility and homoge-
neity of the resulting high performance liquid
chromatography (HPLC) columns.

The mixed-ligand approach to mixed-
mode stationary phase production was a sec-
ond-generation product, but again, ensuring
the absolutely reproducibility and homogene-
ity of the surface is problematic.

The embedded and tipped ligands are a
third-generation approach to mixed-mode
phases and produce homogeneous and repro-
ducible mixed-mode phases. The position of
the ion-exchange group within the bonded
phase ligand dictates the relative strength of
the hydrophobic and electrostatic interactions
and the embedded ligand can be described
as an ion-exchange—modified reversed-phase
column and the tipped ligand as a reversed-
phase—modified ion-exchange column.

The zwitterionic ligand is a fourth-genera-
tion approach to mixed-mode separations in
which both anionic and cationic functional
groups are included in each ligand and the
strength and position of the ion-exchange

moieties can be altered to affect the selectivity
of each ligand towards various analytes.

In mixed-mode separations, the hydropho-
bic moieties of analyte molecules are retained
by interaction with the hydrophobic parts of
the bonded ligand, and the charged groups
are either retained or repelled by the ion-
exchange groups on the stationary phase sur-
face. There are several ways to control reten-
tion and selectivity with mixed-mode phases,
as one might imagine.

The amount of organic modifier can be
altered to affect changes in retention and
selectivity of the separation, primarily by
changing the hydrophobicity of the eluent,
as would be typical for a reversed-phase
separation.

Eluent pH can also be used to alter
selectivity and retention, and the pH will
affect not only the degree of ionization of
the analyte molecule, but also the extent
of the surface charge if weak anion- or car
ion-exchange ligands are used. The ionic
strength of the eluent can be used to alter the
separation characteristics, and ionic-strength
gradients are often used to increase the elu-
tion strength of the eluent with respect to the
electrostatic interactions between analytes
and the stationary phase surface.

The nature of mixed-mode stationary
phases offer several possibilities to “tune”
the selectivity of a separation and as such
offer an important tool in the analytical
armory for anyone dealing with highly
polar analytes or analytes whose physico-
chemical properties differ widely.

Mixed beads  Mixed ligands Single ligand  Single ligand Single ligand
(embedded) (tipped) (zwitterionic)
00 4
® ® ® @
e
il Silica Gel Silica Gel Silica Gel Silica Gel
@ Reversed-phase @ Cation-exchange  ® Anion-exchange

Figure 1: Schematic representation of the various approaches to producing mixed-mode

stationary phases.



Together, we can conserve nonrenewable
helium by converting GCs to hydrogen.

Helium is a non-renewable resource. There is a global shortage of helium that aerospace
has caused prices to increase significantly. Many GC users are considering climate control
switching to hydrogen as a carrier gas. electromechanical

Hydrogen provides many advantages over helium including, higher resolution, filtration

shorter run times, longer column life, and cost savings. Many instrument manu- fluid & gas handling
facturers now provide resources to make switching carrier gas easier. hydraulics
pneumatics
process control
sealing & shielding

A hydrogen generator is a safe, convenient, and inexpensive solution to storing
hydrogen cylinders. Learn more at solutions.parker.com/conservehelium.

ENGINEERING YOUR SUCCESS.

solutions.parker.com/conservehelium




Find your IC Greatness

Because when switching to Metrohm
you'll get a great system, backed by even
greater support.

Your methods will run —

Metrohm _
right out of the box!

Applications Guarantee

You're trained to be the
IC pro in your lab

Metrohm

Operations Guarantee

You'll enjoy expert care

Metrohm _ ,
& 72 hr on site service!

Support Guarantee

A=

Get a free T-shirt
(no purchase necessary)!

=]

[

Complete details at:
www.ic-changeisgood.com/guaranteed

£ Metrohm

866-METROHM (638-7646)

0708.A1.1008.B-LCGC © 2013 Metrohm USA, Inc.



