
EXAMINING FLAVOR COMPOUNDS 
ISOLATED FROM TOBACCO 

LEAVES WITH PYROLYSIS GC–MS

Our Annual  
Review of New  

LC Columns  
and Accessories

Applying Multi-
Dimensional LC-MS to 
Understand Complex 
Drug Modalities

Our Report on New Sample 
Prep Products and Accessories

How to Address Wandering  
First-Dimension Peaks in 2D-LC

Addressing Gender Parity 
in Separation Science

GCLC APPLICATIONS

SAMPLES & METHODS TECHNIQUE FOCUS THEORY & FUNDAMENTALS

Volume 40  Number 5  May 2022
www.chromatographyonline.com

http://www.chromatographyonline.com


http://www.thermofisher.com/complexcarbs


http://www.hamiltoncompany.com


196  LCGC NORTH AMERICA  VOLUME 40 NUMBER 5  MAY 2022 WWW.CHROMATOGRAPHYONLINE.COM

© 2022 MultiMedia Pharma Sciences, LLC. All rights reserved. No part of this publi-
cation may be reproduced or transmitted in any form or by any means, electronic or 
mechanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal 
use of specific clients is granted by MultiMedia Pharma Sciences, LLC. for libraries 
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.copyright.
com online. For uses beyond those listed above, please direct your written request 
to Permission Dept. email: ARockenstein@mjhlifesciences.com

MultiMedia Pharma Sciences, LLC. provides certain customer contact data (such as 
customer’s name, addresses, phone numbers, and e-mail addresses) to third parties 
who wish to promote relevant products, services, and other opportunities that may 
be of interest to you. If you do not want MultiMedia Pharma Sciences, LLC. to make 
your contact information available to third parties for marketing purposes, simply 
email mmhinfo@mmhgroup.com and a customer service representative will assist 
you in removing your name from MultiMedia Pharma Sciences, LLC. lists.

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

To subscribe, email mmhinfo@mmhgroup.com.

MANUSCRIPTS: For manuscript preparation guidelines, see chromatographyonline.
com/lcgc-author-guidelines, or call The Editor, (609) 716-7777. LCGC welcomes unso-
licited articles, manuscripts, photographs, illustrations, and other materials but can-
not be held responsible for their safekeeping or return. Every precaution is taken to 
ensure accuracy, but LCGC cannot accept responsibility for the accuracy of informa-
tion supplied herein or for any opinion expressed.

SUBSCRIPTIONS: For subscription and circulation information: LCGC, P.O. Box 
457, Cranbury, NJ 08512-0457, or email mmhinfo@mmhgroup.com. Delivery of 
LCGC outside the United States is 14 days after printing. (LCGC Europe and 
LCGC Asia Pacific are available free of charge to users and specifiers of chro-
matographic equipment in Western Europe and Asia and Australia, respectively.)

CHANGE OF ADDRESS: Send change of address to LCGC, P.O. Box 457,  
Cranbury, NJ 08512-0457; alternately, send change via e-mail to mmhinfo@mmhgroup.com.  
Allow four to six weeks for change. PUBLICATIONS MAIL AGREEMENT  
No. 40612608. Return all undeliverable Canadian addresses 
to: IMEX Global Solutions, P.O. Box 25542, London, ON, N6C 
6B2, CANADA. Canadian GST number: R-124213133RT001.

C.A.S.T. DATA AND LIST INFORMATION: Contact Stephanie Shaffer, 
tel. (774) 249-1890, e-mail: SShaffer@mjhlifesciences.com.
REPRINTS: Contact Stephanie Shaffer,
e-mail: SShaffer@mjhlifesciences.com
INTERNATIONAL LICENSING: Contact Kim Scaffidi,  
e-mail: kscaffidi@mjhassoc.com

CUSTOMER INQUIRIES: Customer inquiries can be forwarded directly to MJH 
Life Sciences, Attn: Subscriptions, 2 Clarke Drive, Suite 100, Cranbury, NJ 
08512; e-mail: mmhinfo@mmhgroup.com

50

% Recycled Paper 10-20%
 Post Consumer W

as
te

 

PUBLISHING/SALES

Senior Vice President,
Industry Sciences

Michael J. Tessalone 
MTessalone@mjhlifesciences.com

Group Publisher 
Stephanie Shaffer 

SShaffer@mjhlifesciences.com

Associate Publisher
Edward Fantuzzi 

EFantuzzi@mjhlifesciences.com

National Account Manager
Timothy Edson 

TEdson@mjhlifesciences.com

National Account Manager
Michael Howell 

MHowell@mjhlifesciences.com

Senior Director, Digital Media
Michael Kushner 

MKushner@mjhlifesciences.com

EDITORIAL

Editorial Director
Laura Bush 

LBush@mjhlifesciences.com

Managing Editor
John Chasse 

JChasse@mjhlifesciences.com

Senior Technical Editor
Jerome Workman 

JWorkman@mjhlifesciences.com

Associate Editor
Cindy Delonas 

CDelonas@mjhlifesciences.com

Associate Editor
Will Wetzel

WWetzel@mjhlifesciences.com

Creative Director, Publishing
Melissa Feinen

MFeinen@mdmag.com

Senior Art Director
Gwendolyn Salas

GSalas@mjhlifesciences.com

Senior Graphic Designer
Courtney Soden

CSoden@mjhlifesciences.com

CONTENT MARKETING

Custom Content Writer
Alissa Marrapodi 

AMarrapodi@mjhlifesciences.com

Senior Virtual Program Manager
Lindsay Gilardi 

LGilardi@mjhevents.com

Senior Project Manager
Anita Bali 

ABali@mjhlifesciences.com

Digital Production Manager
Sabina Advani 

SAdvani@mjhlifesciences.com

MARKETING/OPERATIONS

Senior Marketing Manager
Anne Lavigne 
ALavigne@mjhlifesciences.com

Audience Development
Stacy Argondizzo 
SArgondizzo@mjhlifesciences.com

Reprints
Stephanie Shaffer 
SShaffer@mjhlifesciences.com

CORPORATE

President & CEO
Mike Hennessy Jr

Chief Financial Officer
Neil Glasser, CPA/CFE

Chief Operating Officer
Michael Ball

Chief Marketing Officer
Brett Melillo

Executive Vice President, 
Global Medical Affairs & 
Corporate Development
Joe Petroziello

Senior Vice President,  
Content
Silas Inman

Vice President, Human 
Resources & Administration
Shari Lundenberg

Vice President, 
Mergers & Acquisitions
Chris Hennessy

Executive Creative Director, 
Creative Services
Jeff Brown

485F US Highway One South, 
Suite 210 
Iselin, NJ 08830 
(609) 716-7777

Founder   
Mike Hennessy Sr
1960 - 2021

http://www.chromatographyonline.com
http://www.chromatographyonline.com/lcgc-author-guidelines
http://www.copyright.com


 * Canna Boot Camp
 * Exciting Keynotes 
 * Huge Exhibit Floor
 * Cultivation Gurus 

 * Analytical/Scientific 
Experts 

 * Medical/Wellness 
Professionals

 * Networking Mixers 
 * Global KOLs
 * and much more!

life sciences™

May 18-20, 2022 
Long Beach Convention Center 
Long Beach, California

Educational Tracks
Analytical Science | Medical Science | Cultivation Science | Hemp Science | NEW! Psychedelic Science

Make your plans today to attend and/or exhibit!  
Learn More at CannabisScienceConference.com

Join us at the world’s largest scientific & 
medical cannabis event! 

Save the Date for the East Coast Conference!
Baltimore, MD • September 14-16, 2022

http://www.cannabisscienceconference.com


198  LCGC NORTH AMERICA  VOLUME 40 NUMBER 5  MAY 2022 WWW.CHROMATOGRAPHYONLINE.COM

C O N T E N T S

LCGC North America (ISSN 1527-5949 print) (ISSN 1939-1889 digital) is published monthly by MultiMedia Healthcare, LLC., 2 Clarke Drive, Suite 100, Cranbury, NJ 08512, and is 
distributed free of charge to users and specifiers of chromatographic equipment in the United States and Canada. LCGC is available on a paid subscription basis to nonquali-
fied readers in the United States and its possessions at the rate of: 1 year (13 issues), $91.00; 2 years (26 issues), $163.00; in Canada and Mexico: 1 year (13 issues), $116.00; 2 years 
(26 issues), $182.00; in all other countries: 1 year (13 issues), $170.00; 2 years (26 issues), $304.00. Periodicals postage paid at Trenton, NJ 08650 and additional mailing offices. 
POSTMASTER: Please send address changes to LCGC, P.O. Box 457, Cranbury NJ 08512-0457. PUBLICATIONS MAIL AGREEMENT NO. 40612608, Return Undeliverable Canadian 
Addresses to: IMEX Global Solutions, P. O. Box 25542, London, ON N6C 6B2, CANADA Canadian GST number: R-124213133RT001. Printed in the USA.

COLUMNS

201 LC TROUBLESHOOTING
Dealing with Wandering First-Dimension Peaks in 2D-LC Separations
Stephan Buckenmaier and Patrik Petersson

Retention time fluctuations are challenging to deal with, especially in  
two-dimensional liquid chromatography (2D-LC) separations. Here, two 
approaches are presented that can help navigate this challenge.

210 COLUMN WATCH
New Liquid Chromatography Columns and Accessories for 2022
David S. Bell

Our yearly report on liquid chromatography (LC) columns and accessories 
commercially released over the past year.

218 SAMPLE PREP PERSPECTIVES
New Sample Preparation Products and Accessories 2021–2022
Douglas E. Raynie

We assess the landscape of new sample preparation instrumentation,  
supplies, and accessories introduced over the past 12 months.

234 VIEWPOINTS
She Separates—The Female Voices of Separation Science
Katelynn A. Perrault

Empowering the next generation of female separation scientists is crucial to  
helping them realize their potential in advancing the separation science field.

FEATURED ARTICLE

229 THE NEXT GENERATION
Cracking the Code of Complex Drug Modalities via Multidimensional  
Liquid Chromatography Coupled to Mass Spectrometry
Alexandre Goyon

Multidimensional liquid chromatography (MDLC) methods have  
revolutionized the characterization of complex drug modalities like  
antibodies–drug conjugates, antisense oligonucleotides, and small  
interfering RNA therapeutics.

PEER-REVIEWED ARTICLE  

223 Py-GC–MS Investigation of Pyrolysis Behaviors and Decomposition 
Products of α- and β-2,7,11-Cembratriene-4,6-Diols
Shen Huang, Chen Yang, Ning Ma, Lifeng Zhou, Chunxiao Jia, Tao Wei,  
and Duobin Mao

Pyrolysis gas chromatography–mass spectrometry (Py-GC–MS) was  
used to study the thermal stability of cembratriene, and the results  
suggest flavor precursors that could be used to provide specific flavors.

EXAMINING FLAVOR COMPOUNDS 
ISOLATED FROM TOBACCO 

LEAVES WITH PYROLYSIS GC–MS

Our Annual  
Review of New  

LC Columns  
and Accessories

Applying Multi-
Dimensional LC-MS to 
Understand Complex 
Drug Modalities

Our Report on New Sample 
Prep Products and Accessories

How to Address Wandering  
First-Dimension Peaks in 2D-LC

Addressing Gender Parity 
in Separation Science

GCLC APPLICATIONS

SAMPLES & METHODS TECHNIQUE FOCUS THEORY & FUNDAMENTALS

Volume 40  Number 5  May 2022
www.chromatographyonline.com

DEPARTMENTS

200 Letter from the CEO

Cover image:  
Colored smoke 

representing pyrolysis for 
TGA using Py-GC–MS

Cover image courtesy of
stock.adobe.com/PRILL Mediendesign

Subscribe to our 
newsletters for 
practical tips and 
valuable resources

http://www.chromatographyonline.com
https://mjhlifesciences.tfaforms.net/f/lcgc_enews


http://www.vicidbs.com
http://www.vicidbs.com
mailto:salesusa@vicidbs.com


200  LCGC NORTH AMERICA  VOLUME 40 NUMBER 5  MAY 2022 WWW.CHROMATOGRAPHYONLINE.COM

Editorial Advisory Board
• Jared L. Anderson – Iowa State University, Ames, Iowa 

• Daniel W. Armstrong – University of Texas, Arlington, Texas 

• David S. Bell – Restek, Bellefonte, Pennsylvania

• Zachary S. Breitbach – AbbVie Inc., North Chicago, Illinois

• Ken Broeckhoven – Department of Chemical Engineering, 

Vrije Universiteit Brussel, Brussels, Belgium

• Deirdre Cabooter – Department of Pharmaceutical and Pharmacological 

Sciences, KU Leuven (University of Leuven), Belgium

• Peter Carr – Department of Chemistry,  

University of Minnesota, Minneapolis, Minnesota

• Jean-Pierre Chervet – Antec Scientific, Zoeterwoude, The Netherlands

• André de Villiers – Stellenbosch University, Stellenbosch, South Africa

• John W. Dolan – LC Resources, McMinnville, Oregon

• Michael W. Dong – MWD Consulting, Norwalk, Connecticut

• Szabolcs Fekete – Waters Corporation

• Anthony F. Fell – School of Pharmacy,  

University of Bradford, Bradford, United Kingdom

• Joseph L. Glajch – Momenta Pharmaceuticals, Cambridge, Massachusetts

• James P. Grinias – Rowan University

• Davy Guillarme – University of Geneva, University of Lausanne, Geneva, Switzerland

• Emily Hilder – University of South Australia, Adelaide, Australia

• John V. Hinshaw – Serveron Corporation, Beaverton, Oregon

• Ronald E. Majors – Analytical consultant, West Chester, Pennsylvania

• Debby Mangelings – Department of Analytical Chemistry and 

Pharmaceutical Technology, Vrije Universiteit Brussel, Brussels, Belgium

• R.D. McDowall – McDowall Consulting, Bromley, United Kingdom

• Michael D. McGinley – Phenomenex, Inc., Torrance, California

• Mary Ellen McNally – FMC Agricultural Solutions, Newark, Delaware

• Imre Molnár – Molnar Research Institute, Berlin, Germany

• Colin Poole – Department of Chemistry, Wayne State University, Detroit, Michigan

• Douglas E. Raynie – Department of Chemistry and Biochemistry, 

South Dakota State University, Brookings, South Dakota

• Koen Sandra – Research Institute for Chromatography, Kortrijk, Belgium

• Pat Sandra – Research Institute for Chromatography, Kortrijk, Belgium

• Peter Schoenmakers – Department of Chemical Engineering, 

University of Amsterdam, Amsterdam, The Netherlands

• Kevin Schug – University of Texas, Arlington, Texas

• Nicholas H. Snow – Seton Hall University, South Orange, New Jersey

• Dwight Stoll – Gustavus Adolphus College, St. Peter, Minnesota

• Michael E. Swartz – Karuna Therapeutics, Boston, Massachusetts  

• Caroline West – University of Orléans, France 

• Thomas Wheat – Chromatographic Consulting, LLC, Hopedale, Massachusetts
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The smoky image on our cover points to peer-review 
research in this issue on pyrolysis–gas chromatog-

raphy–mass spectroscopy (Py-GC–MS). The study pre-
sented demonstrates that Py-GC–MS is a powerful tool 
for conducting qualitative and quantitative analysis of 
thermolytic decomposition products from cembratriene 
in tobacco products. The resulting understanding of the 
thermal behavior and pyrolysis products of these terpe-
noids increases our understanding of flavor precursors 
that may be used to provide specific flavors to tobacco.

 Our “Next Generation” series continues with an article 
by Alexandre Goyon of Genentech illustrating the utility 
of multidimensional liquid chromatography–mass spec-
trometry (MDLC–MS) for real-world project support in the 
biopharmaceutical industry. MDLC methods have revolu-
tionized the characterization of complex drug modalities 
like antibodies–drug conjugates, antisense oligonucle-
otides, and small interfering RNA therapeutics.

In “LC Troubleshooting,” guest authors Stephan Buck-
enmaier and Patrik Petersson address a challenge in 
two-dimensional LC (2D-LC) separations of peptides and 
proteins: fluctuating first-dimension retention time. Those 

“wandering peaks” often occur because of the fact that 
the retention of large molecules is strongly dependent on 
mobile-phase composition and temperature. They explain 
two powerful approaches to address this problem, which 
that can further improve the robustness of 2D-LC methods.

This month we also round out the set of our annual 
reviews of new products, which we began last month with 
our reports on new liquid chromatography (LC) systems 
and GC products. In “Column Watch,” Dave Bell assesses 
the landscape of new LC columns, and in “Sample Prep 
Perspectives,” Doug Raynie brings us up to speed on the 
newest offerings in sample preparation. Given how few 
opportunities we have all had to attend in-person con-
ferences or trade shows over the past two years, these  
reports are more important than ever.

Finally, in our “Viewpoints” column, Katelynn Perrault 
looks beyond the specific analytical chemistry concerns 
of developing techniques and methods for better separa-
tions to consider questions of gender parity in the field.  
As she notes, various factors must be considered, ranging 
from direct discrimination to the fact that so many of her 
female students don’t believe they could go to graduate 
school, or do other things well within their reach.

We hope you enjoy this issue.
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LC TROUBLESHOOTING
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Dealing with Wandering  
First-Dimension Peaks in 2D-LC Separations 
The retention of large molecules, such as peptides and proteins, is strongly dependent on mobile-phase 
composition and temperature. Consequently, the retention times (tR) of these molecules often fluctuate from one 
separation to the next. In two-dimensional liquid chromatography (2D-LC), this fluctuation can be challenging to 
deal with, especially if only one or a few specific peaks in the first dimension (1D) separation are targeted for further 
separation. In this installment, we describe instrumental concepts that are useful for coping with this challenge.

Stephan Buckenmaier and Patrik Petersson

In October of 2019, I invited Dr. Patrik 
Petersson to contribute an “LC Trou-

bleshooting” article describing some 
tips and tricks for minimizing fluctuat-
ing first dimension (1D) retention times 
in two-dimensional liquid chromatog-
raphy (2D-LC) separations of peptides.  
While all of the advice described in that 
installment is still relevant, Dr. Peters-
son has subsequently worked with  
Dr. Stephan Buckenmaier to develop 
new instrumentation concepts that make 
it easier to cope with shifting first dimen-
sion retention times (tR). In this installment, 
they demonstrate the utility of these con-
cepts in the context of determining impu-
rities in peptide materials using 2D-LC. 

—Dwight Stoll

Characterizing peptide products 
requires superior separation perfor-
mance because of the complexity of 
these samples and the difficulties 
associated with separating related 
components such as isomers (1–3). 
Chromatography and mass spectrom-
etry (MS) are powerful separation 
techniques individually, but coupling 
them strongly amplifies the perfor-
mance of the analytical platform.  
Two-dimensional liquid chromatog-
raphy (2D-LC) can enhance the sepa-

ration further because the second 
dimension can improve upon any 
resolution that has been achieved in 
the first dimension, which works best 
if the selectivities employed in the two 
dimensions are complementary.

In our work on the characteriza-
tion of related impurities in peptides,  
we focus on multiple heartcutting 
(MHC) 2D-LC–MS workflows (3–6). 
With MHC, the link between the time 
scales of the two dimensions is decou-
pled because first dimension (1D) frac-
tions can be stored while others are 
processed in the second dimension. 
Thus, both dimensions can be oper-
ated under optimal conditions. For 
example, MHC 2D-LC was employed 
to further separate 13 first-dimension 
fractions of a forcibly degraded insu-
lin sample taken from a 1D reversed-
phase separation that used a mobile 
phase containing a high concentration 
of salt. High ionic strength solvents 
are frequently used in the biophar-
maceutical industry because they pro-
vide an alternative selectivity to tri-
fluoroacetic acid (TFA)–based solvents, 
and can reduce column overloading 
effects often observed with ionizable 
compounds, thereby improving peak 
shape and resolution (3,7,8). The sec-

ond dimension added to this one-
dimensional (1D) method markedly 
improved the resolution. Because the 
second dimension was operated under 
MS-compatible conditions, it allowed 
for the determination of impurities by 
MS in real-time.

However, a general problem with 
LC separations of high molecular 
weight compounds such as peptides 
is that they are affected very strongly 
by small changes in chromatographic 
conditions, such as variations in the 
mobile-phase composition or tem-
perature. Such fluctuations in tR lead 
to problems in heartcutting 2D-LC 
because the target 1D peak one tries 
to sample keeps moving. Moreover, 
this “wandering peak” problem can be 
more serious when using very shallow 
gradients, which are required to sepa-
rate peptide impurities (5).

Another complication is that the 
widths of 1D peaks vary in these sepa-
rations. A sole impurity peak might be 
relatively narrow while the main peak 
is typically overloaded and very broad 
(8). This occurrence means that for a 
given loop volume in the 2D-LC inter-
face (40 µL), one cut could be enough 
to determine the purity of a narrow 
1D peak, but multiple cuts have to be 
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taken across a broad main peak, which 
can lead to a corresponding number 
of 2D cycles and therefore a lengthy 
overall 2D-LC analysis time.

In this installment, two concepts are 
discussed that help address these chal-

lenges and thus further improve the 
usability and robustness of 2D-LC–MS 
for the analysis of related impurities in 
peptide products. First, an approach 
was introduced to cope with injection-
to-injection variability in 1D retention 

times of peaks that are targeted for 
2D separation. Data obtained from the 
analysis of forcibly degraded bovine 
insulin show that triggering sampling 
of the 1D separation using the obser-
vation of specific features in the online 
signal of the 1D detector can solve 
this “wandering peak” problem and 
correct time-based sampling events 
on the fly. Second, a procedure is 
introduced that injects multiple cuts  
(5 x 40 µL) from the 1D separation into 
the 2D column before a single 2D elu-
tion program elutes all of the injected 
material at once for a single 2D chro-
matogram. This “multi-inject” approach 
can significantly decrease the 2D-LC 
analysis time, and possibly increase the 
detection sensitivity of the method.

Results from Approach #1: 
Dynamic Compensation for 
Fluctuation of 1D Retention Time
Demonstration of the Concept
Figures 1a and 1b show 1D chromato-
grams obtained from reversed-phase 
(RP) separations of a forcibly degraded 
bovine insulin sample using a gradient 
from 31 to 40 %B in 60 min (0.15% B/min).  
Such shallow gradients are often 
employed to separate related impurities 
in peptides and proteins, but are prone 
to retention shifts like those shown in 
Figure 1 (5). In MHC 2D-LC, sampling 
from the 1D separation occurs in relation 
to a previously collected 1D reference 
chromatogram. When using time-based 
sampling, cuts are made according to a 
table of events specified by the operator. 
The problem arises when the target 1D 
peak moves in a subsequent separation 
(relative to the reference chromatogram), 
and cuts are taken in the wrong spots. 
In the peak-based sampling mode, the 
decision to sample the 1D effluent is 
made whenever the 1D detector signal 
fulfills set criteria (signal threshold or 
slope), which is very useful to compen-
sate for 1D tR variations, but it is some-
times not viable for analyzing peptide 
impurities because of high sample com-
plexity and poor separation (3,5).

Here, we introduce the concept of 
dynamic peak parking (DPP), which aims 

1 2 3 4 5 6 7 8

FIGURE 1: (a) 1D reference chromatogram with IRTS (cut 1) defined by peak-based in-
terval (indicated by the brackets with arrows) and time-based cuts (2–8) linked to the 
IRTS. (b1) 1D chromatogram (green) and 1D cut markers (purple). (b2) repetition of (b1), 
1D chromatogram (orange) and cut markers (purple). (c) 2D EIC chromatograms ob-
tained from analysis in (b1 and b2) superimposed; corresponding color as in (b1 and b2). 
Conditions: Bio 2D-LC–QTOF-MS system equipped with multiple heartcutting (MHC) 
interface (ASM-f 3). 1D: Solvent-A: 0.1% TFA in water, B: 0.09% TFA in ACN:water 80:20, 
gradient: 31–40–80–80–31 %B at 0–60–61–62–63 min, equilibration time: 12 min, flow: 
0.3 mL/min, column: Poroshell HPH, 150 x 2.1 mm i.d. 2.7-µm at 40 °C, UV detection:  
214 nm, 40 Hz. 2D: Solvent-A: 0.1% FA in water, B: 0.09% FA in ACN:water 80:20 v/v, gra-
dient: 6.25–25–34–90–90 %B at 0–0.01–2.3–2.4–2.5 min, flow: 0.4 mL/min, cycle time:  
5.0 min incl. equilibration time: 1.6 min, column: Poroshell HPH, 50 x 2.1 mm i.d., 2.7-µm at 
40 °C, UV detection: 214 nm, 40 Hz, QTOF: positive mode scanning range 100–3500 m/z.
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FIGURE 2: (a) 1D reference chromatogram with overlaid highlights for sLCxLC sampling 
series. (b) 2D results in form of extracted ion chromatograms (EIC). (c) MS spectra for the 
charge state +4 for insulin and deamidated insulin. 2D-LC–MS conditions as in Figure 1.
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to adjust time-based sampling events 
dynamically to compensate for fluctua-
tions in 1D retention. Figure 1a shows 
the chromatogram used as the “refer-
ence” upon which sampling events are 
based, as defined in the 2D-LC method. 
The heartcuts are indicated by the high-
lights incorporating the cut numbers. 
To use DPP, a peak was selected as an 
internal retention time standard (IRTS), 
which is bracketed by an interval within 
which this compound was expected to 
be eluted in subsequent separations. 
Recognition of the IRTS peak, and sam-
pling of cut 1, was triggered when the 1D 
detector reached the 4 mAU threshold. 
In the later part of this chromatogram, 
seven time-based cuts (cuts 2–8) were 
specified and linked to the IRTS. All of 
the timed events needed to make the 
seven cuts were adjusted “on the fly” by 
applying a time shift corresponding to 
the difference between the tR of the IRTS 
peak in the reference chromatogram, 
and the retention time observed live 

during the 2D-LC separation. A suitable 
IRTS should thus exhibit the same, or at 
least very similar, retention properties as 
those compounds linked to it. The IRTS 
selected here was a deamidation prod-
uct of bovine insulin.

Figure 1b shows 1D chromatograms 
along with 1D cut markers (purple) that 
indicate where cuts were sampled in 
real time. These chromatograms were 
acquired on different days from that in 
panel A, which was the reference chro-
matogram used for the initial method 
setup. Figure b1 (green) shows the 
first analysis of the day, and Figure b2 
(orange) shows a repetition.

The peaks in both chromatograms in 
Figure 1b, in comparison to those in the 
chromatogram in Figure 1a, are shifted 
to earlier retention times, but to differ-
ent extents. The differences in reten-
tion were −0.25 and −0.14 min in panels 
b1 and b2, respectively. These values 
were detected for the IRTS and applied 
to the time-based cuts as is evident  

from the corresponding 1D cut markers.  
Without this compensation, the desired 
peak targets defined by time-based cuts 
would have been missed.

Figure 1c shows representative 2D 
chromatograms for cuts 1, 2, 5, and 
7 obtained from the 1D separations 
in panels b1 (green trace) and b2 
(orange trace). The near congruency 
of the 2D peaks indicates that each 
compound observed in the second 
dimension has been sampled at the 
same time with respect to its peak 
apex in the 1D, despite the significant 
shift in 1D tR.

In-Depth Analysis of the Main Peak 
In the selective comprehensive sam-
pling mode of 2D-LC (sLCxLC, some-
times called HiRes sampling [9]) sev-
eral adjacent fractions are taken from 
the 1D separation in contrast to heart-
cutting where isolated cuts are typi-
cally distributed across the 1D separa-
tion time. sLCxLC is a good technique 

http://www.halocolumns.com
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to determine the purity of the main 
peak because the abundance of the 
main component relative to the impu-
rities coeluted in the front or tail of the 
main peak is reduced; therefore, the 
likelihood of resolution in the 2D sepa-
ration is increased (10). Here, sLCxLC 
separations were carried out with 
peak-based triggering.

Figure 2a shows a portion of a 1D ref-
erence chromatogram with nine cuts of 
the sLCxLC series sampling the entire 
band of the main peak for further sepa-
ration in the second dimension. Figure 
2b shows 2D chromatograms for cuts 1, 
2, 4, 6, and 9 in the form of extracted 
ion chromatograms (EIC) obtained by 
summing the isotopic peaks of insu-
lin, taking into account the charge 
states from +3 to +6. Figure 2c shows 
spectra for the charge state +4 of the 
bovine insulin and a corresponding 
deamidation product superimposed.  
The 1D peak profile in panel a sug-
gested at least three components under 

the main peak as indicated by shoul-
ders in the front and rear of the peak, 
which was confirmed by deconvoluted 
MS data (max. entropy algorithm) pro-
viding monoisotopic masses of 5729.6 
Da (at the apex of the main peak), 
5730.6 Da (at the rear), and 5658.6 
Da (at the front). These monoisotopic 
masses were assigned to the intact 
bovine insulin, a deamidation product,  
and a loss of alanine at the C-termi-
nus of the b-chain, respectively. In the 
second dimension, five compounds 
(c1 to c5 in Figure 2b) were found.  
Compound c1 was identified as insulin-
Ala, c2 was a corresponding deamida-
tion product of c1, c3 was the intact 
insulin, and c4 and c5 were two deami-
dation products of insulin. This process 
demonstrates the importance of the 
improved chromatographic separation 
provided by the second dimension. 
Isobars cannot be distinguished by MS, 
and it is also not trivial to discriminate 
the intact molecules from correspond-

ing deamidation products when these 
enter the MS at the same time (that is,  
when co-elution occurs in the LC sepa-
ration) because the second isotope of 
the intact mass approximately coin-
cides with the monoisotopic mass of 
the deamidated species, as shown in 
Figure 2c. On the other hand, c1 and 
c3, and c2 and c4 would have been co-
eluted in the second dimension if not 
already separated in the first dimen-
sion, and the abundances of c1 and 
c2 were low in cut 2. Even so, the high 
resolution quadrupole time-of-flight 
(QTOF) data facilitated their separa-
tion by extracting the corresponding 
masses. Thus, the combination of the 
two separation techniques (2D-LC and 
MS) is invaluable for the full character-
ization of the impurities in this sample.

Results from Approach #2: 
“sLCxLC Multi-Inject” and Peak-
Based Sampling Help Handle 
Wandering 1D Peaks and Reduce 
Overall 2D-LC Analysis Time
The “multi-inject” concept allows one 
to flexibly set the volume sampled from 
the 1D separation without the need for 
instrument hardware modifications (11), 
and it can be used to save time and 
improve detection sensitivity in 2D-LC 
experiments. Figure 3 shows the con-
tinuous string of 2D-UV chromatograms 
along with 2D cut markers (purple 
trace, which denotes the start and end 
times for each 2D separation) obtained 
for the series of nine cuts taken from 
the 1D separation shown in Figure 2a.  
Figure 3a shows results from standard 
sLCxLC operation, whereas Figure 3b 
shows the results obtained when the 

“multi-inject” mode was used. In stan-
dard sLCxLC mode, the second dimen-
sion runs through nine consecutive 
2D cycles, and the last 2D separation 
is complete at approximately 68 min.  
In “multi-inject” mode, the full content 
of each MHC deck (that is, five loops in 
deck A, or four loops in deck B) is first 
transferred to the 2D column (marked in 
Figure 3b with TC [transfer-to-column]) 
before all of the analyte is transferred 
from one deck and is retained by the 
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2D column before it is eluted within 
a single 2D elution cycle. In this case, 
the deck valves were fitted with mul-
tiple 40 µL sampling loops. Thus, 
when “multi-inject” is used, any 1D 
peak volume between 40–200 µL can 
be sampled from the 1D, and the 
content of each deck is eluted all at 
one time from the second dimension 
without replumbing the instrument 
hardware. The 2D cut markers show 
that the total 2D-LC analysis time 
was markedly reduced from 68 to 
39 min when using the “multi-inject” 
approach. The 200 µL (cuts 1–5) and 
160 µL (cuts 6–9) injection volumes by 
far exceeded the void volume of the 
2D column used here (approximately  
100 µL), thus the 1D effluent (1D mobile 
phase sampled containing the com-
pounds of interest) temporarily acts 
as the 2D mobile phase upon transfer 
to the 2D column. In some cases, this 
phenomenon can seriously compro-
mise the quality of the 2D separation. 

Thus, from a chromatographic per-
formance point of view, it is impor-
tant that the compounds analyzed 
are focused at the 2D column inlet.  
To support this, active solvent modula-
tion (ASM) was used in this work, with 
an ASM-f of 3. Readers interested in 
the function of ASM are referred to a  
prior publication (4). 

Figure 3c shows an overlay of cuts 
1–5 and 4 obtained, respectively, 
using the “multi-inject” (green trace)  
or standard sLCxLC (blue trace) 
approaches (left panel), and simi-
larly, cuts 6–9 were obtained using 
the “multi-inject” approach while 
cut 7 was obtained using the “stan-
dard sLCxLC” approach (right panel).  
The green traces ameliorate any con-
cerns about the effect of such large 
injection volumes on the 2D separa-
tion, because the peak shape and res-
olution are very good. Indeed, similar 
peak shapes were obtained in both 
experiments with a maximum increase 

in peak width of approximately 10% 
when using “multi-inject” compared 
to sLCxLC. Excellent agreement was 
observed with respect to peak area. 
For multi-inject compared to sLCxLC 
(summing all areas obtained per com-
pound, which in sLCxLC includes all 
nine 2D cycles, and in multi-inject just 
two 2D cycles), 99.1%, 100.9%, and 
100.8% were calculated for peaks c3, 
c5, and c4, respectively.

Here, the “multi-inject” approach 
successfully reduced the 2D-LC anal-
ysis time by approximately 30 min 
(the 1D can be shortened accordingly, 
flushing out anything still retained in 
the 1D column after sampling of the 
main peak is complete). The degree 
of time savings becomes even more 
significant when longer 2D cycle times 
are used. It is not unusual to use more 
than 30 min per 2D cycle in experi-
ments aiming for the separation 
of isomers of peptide and protein-
related impurities. 

http://www.silcotek.com
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Summary
In heartcutting 2D-LC analyses, fluctu-
ations in the retention times of peaks 
of interest in the 1D separation lead 
to failed 2D-LC separations if time-
based sampling is used and the target 
peak moves outside of the sampling 
window. One solution to this is to use 
peak-based triggering where sampling 
starts and ends based on features in 
the 1D detector signal, however this 
approach is not always useful for com-
plex samples that produce crowded 
1D chromatograms. A new approach, 
described here, involves dynamic 
adjustment of time-based sampling 
events based on the evolution of the 
1D chromatogram in real time relative 
to a reference chromatogram. sLCxLC 
in conjunction with the “multi-inject” 
approach and peak-based sampling, 
discussed here provides a means 
to deal with fluctuating 1D reten-
tion, enables large sampling volumes,  

and facilitates reduction of the total 
2D-LC analysis time by reducing the 
number of 2D cycles used to elute all 
of the analyte injected into the sec-
ond dimension. These approaches  
are powerful tools that can further 
improve the robustness of 2D-LC meth-
ods, especially when employed in the 
analysis of biopharmaceuticals because 
the retention of these molecules is 
often sensitive to small changes in  
elution conditions.
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Understanding Proficiency Tests
Proficiency tests (PTs) use characterized materials that have been created 
to represent the types of samples, matrices, and analyte targets being 
tested in laboratories. PT samples are assigned reference values that are 
not disclosed to participants. PT samples are treated like blind samples 
in which the nature and quantities are unknown. In PTs, analysts may 
receive basic information regarding the target identity, quantitative range,  
and other information that directs them in how to perform sample preparation 
or analyses. PT samples can come in many different forms, from solid or 
liquid matrices to extracted oils, or solid-dosage formulations like capsules 
and tablets. Analysts are expected to prepare and treat PT samples in the 
same way similar types of samples would be routinely processed. 

PT participants confidentially share their results with the PT provider 
for final evaluation and grading. In this way, PTs serve as an indicator 
for the competency of a laboratory’s staff and analytical performance. 
Results reported to the PT provider are compared to the established 
reference values for that PT. A reference laboratory obtains established 
reference values or averages the values reported by the PT participants 
(consensus value).

Results can be reported individually, meaning each analyst reports a 
result, or by calculating an average from all analysts performing the PTs. 
The individual result entry method is often preferred because it serves to 
document passing or not passing results at an individual level. This is most 

helpful for assessing and attributing competency of each laboratory analyst 
performing the PT.

Participants who achieve passing PT results are ensuring the validity 
and reliability of their laboratory’s test results. PTs should be an integral 
part of the quality management system (QMS) of any testing laboratories. 
When evaluating PT programs, laboratories must consider some critical 
points such as: the qualifications of the PT administrator, the quality and 
qualifications of the PT provider, and the accessibility of data. Within a 
QMS based on ISO guidelines, laboratories are required to use certified 
providers for their analytical standards, methods, and PTs. ISO 17025 
laboratories must use PT providers accredited to ISO 17043 and CRM 
providers to ISO 17034. 

Examples of PT
Methods used for PTs should have previously been validated by 
the laboratories or standards organizations that have issued those 
methodologies (such as USP or ASTM). PTs are not a means of methods 
validation. A suitable QC-known, certified reference material, or primary 
reference standard is employed for validating an analytical method. 
Acceptable PT results can serve as method verification when PTs are 
performed by the laboratory’s validated method. After the in-house 
methods have been validated, the methods can be verified by successfully 
passing a PT from an accredited third-party provider. In this example, PT is 
integral to the QMS of the participant laboratory. 

PTs serve to measure the ongoing proficiency of independent 
laboratories through interlaboratory comparison of test results for the same 
sample. Some regulatory bodies stipulate the frequency of PT participation. 
Testing laboratories participate in accordance with their accreditation audit 
schedule. Some accreditation audits only occur once every other year. 
Thus, the laboratories would participate in PTs once every two years. 

How to Determine PT Participation
When determining the schedule and budget for PT participation,  
it’s best to consider the accreditation goals and regulatory requirements for 
the laboratory. It is best for each analyst who is reporting data to perform 
PT at least annually to monitor performance during a 12-month period. 
Longer stretches without PT participation could negatively impact timely 
identification of non-conformance and delay implementation of effective 
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Figure 1: Unit conversions
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corrective action. Laboratories that do not achieve acceptable results on 
a PT should examine analyst training and method procedures to check 
for deficiencies.

PT Calculations and Results
Once participants analyze a PT sample, the participants report their results 
to the PT provider for review and evaluation. PT providers use customized 
software programs to evaluate participants’ results using programmed 
algorithms and statistics that meet the accrediting bodies’ guidelines. ISO 
guidelines (ISO 13528) have two basic methods for statistical evaluation 
of proficiency tests: the En-value and the z-score. An En-value is most 
commonly used in interlaboratory comparisons where the laboratories 
report their uncertainty calculations (Equation 1).

En =
Xi – Xref

u2
x + u2

ref
[1]

where Xi is the laboratory-reported value versus the Xref value re-
ported by the PT provider divided by the square root of the com-
bination of uncertainties from the laboratory value and the refer-
ence value expressed using k = 2 with a 95% coverage factor.  
Results with En-value between 1 and –1 are acceptable and agree 
with the reference values. Results with En-values greater than one 
or less than –1 are not acceptable.

The most practical of the statistical functions for chemical and biological 
analyses is the z-score. (Equation 2).

Z-score = Xi – µ
σ

[2]

where µ is the mean subtracted by the Xi laboratory reported value; 
divided by the standard deviation, s. 

The z-score can be used within interlaboratory comparisons without 
an uncertainty calculation; the z-score assumes all reported samples 
are from the same population, batch, or sample set and have the  
same uncertainty.

The results are calculated after the outliers are removed or are 
obtained from robust statistics. Z-scores of less than two are considered 
acceptable. Scores between two and three are considered suspect,  
and scores greater than three are unacceptable. Once participant 
results are compared to reference values and assigned acceptable 
or unacceptable scores, those scores are provided to the laboratories. 
Results of a particular PT scheme may be deemed suspect if a clear bias 
or trend is apparent. Even if the results themselves are passing, the PT 
results can be considered unsatisfactory if there is a clear and measured 
bias. All failures or unsatisfactory results should be directed toward root 
cause analysis and corrective actions indicated by the laboratory’s QMS.

Corrective Actions
In the event that analysts or laboratories fail a PT, there should be a 
procedure for review along with a plan of action to correct the problems 
found. First, a root cause analysis is conducted to identify and document 
the problems. If a root cause analysis finds deficiencies within a system, 
then corrective action is devised to remedy issues. A retesting of a corrected 
system must be conducted to determine if the correction was successful. 
Points of review should include laboratory processes and all internal quality 
control data. Points to reexamine during a system and procedure review 
for a PT failure include:
• Preparation: Did the preparation process differ between routine samples 

and the PT samples?

Pro�ciency Testing Best Practices

Fit for Purpose

Receipt & Delivery

Policies & Methods

Instruments & Maintenance

PT Preparation & Analysis

What is the purpose for the PT? Expand testing capacity, check competency
of analysis or other.
Is the PT material similar to routinely tested samples?
Do the PTs meet the needs or future needs of the lab?
Are PTs performed only by individuals approved to perform those procedures?

Check with supplier for shipping dates and noti�cation of delays.
Upon receipt, check PT condition. Report damage and thermal changes which
can alter PT.
Check handling instructions and safety data sheets to optimal storage and handling.

Changes to methods or policies should all be completed and validated
prior to any PT.
Updates should be reviewed with all staff members participating in the PT.

Make sure all maintenance and repairs of systems is completed in advance 
of a PT.
Calibration and linearity checks should be performed prior to starting the PT.
Replace all chemical consumables, mobile phases and other reagents.
Complete any statistical evaluations of precision and accuracy for systems
and methods used in PT.
Check that all equipment, volumetrics and labware are clean and properly
calibrated.

Plan ahead for suf�cient time to complete the PT study.
Use only calibrated volumetrics to create dilutions and allow suf�cient time for
equilibration of the volumetrics as noted by the equipment.
Be observant of preparation instructions (material temperature, dilutions, etc.)
Follow all instructions provided by the PT supplier or request clari�cation
before starting PT.
For differences in sample preparation due to matrix or material; keep detailed notes
as to deviation or additions to prepare samples that differ from routine preparation.
Check and recheck all calculations, units of measure and reporting formats prior
to preparation and after analyses.

Figure 3: Best practices for PTs

Dilution Tips
Make sure you keep track of units.

Unify units when possible (i.e. convert to grams, µg uniformly)

Don’t forget purity when making a stock solution.

Don’t forget to account for the weight or volume of internal standards or spiking solutions.

Start calculations with the stock solution or raw material dilution.

Another type of dilution is a simple dilution using a dilution factor as seen in the equations below.

In order to make calibration curves, most people employ a mixture of simple dilutions separate from each
other or use a serial dilution which is a series of dilutions, where each dilution is cumulative. Typical serial
dilution scheme:

Make sure your calibration points are within range of your analytical targets and within the dynamic range
of the instrument, if not either the samples or standards will need to be diluted.

Starting Material or Stock Starting Calculation

Simple Dilution Equations

X (mass or volume units of Target) / Final (mass or volume) * Purity (or concentration) of material * 106

Dilution = Volume of Mass of Sample / Total Volume or Mass of (Sample + Diluent)

Dilution Factor = Total V of (Sample + Diluent) / V of Sample
** or we can simply say the reciprocal of dilution

1 mL 1 mL 1 mL1 mL 1 mL 1 mL

Original
Sample

Dilutions:

9 mL diluent
in each tube

1/10 = 10^-1 1/100 = 10^-2 1/1,000 = 10^-3 1/10,000 = 10^-4 1/100,000 = 10^-5

Figure 2: Dilution tips
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• Instrumentation and equipment: Does the deficiency lie within the sys-
tem, and can it be corrected with replacement, repair, or recalibration?

• Environment: Were all materials and equipment maintained at the 
correct temperature?

Examine all processes, standards, and calculations: 
• Were all the calculations correct and documented including unit 

conversions? (Figure 1)  
• Are all the dilutions correct and within the correct dynamic range for the 

system? (Figure 2)
• Were the standards, reagents, QC samples, and controls within 

expiration?
• Were samples and standards prepared fresh, or were new standards 

opened?

Best Practices for Preparing for a PT
The proper handing and processing of PT samples can be critical in 
passing PTs. There are other areas that play key roles in passing these tests, 
including instrument calibration, maintenance, and updating procedures 
and methodologies. Figure 3 provides is a list of helpful points to assist 
laboratories and analysts in passing their PTs.

PT Limitations
PTs are a necessary and helpful tool in the QMS arsenal of a laboratory. 
But they do have some limitations and misuses. In PT schemes where 
interlaboratory tests are used to establish values, there is often a 
retrospective aspect to the tests. Also, there are often routine samples 
or analyses not reflected by the PT schemes because the PT is offered 
in a different sample format or matrix than what the laboratory routinely 
tests. For example, if a laboratory tests pesticides in plant extracts with 
alcohol-based matrices (tinctures), but the PT sample is pesticide in plant 
material, the PT doesn’t match the preparation routine of that laboratory. 
An unacceptable PT only indicates a problem exists. It does not identify 
the root cause of the problem. Conversely, an acceptable PT result does 
not indicate competence in all areas of a QMS. PTs are not substitutes for 
using quality controls and reference standards. They all work collectively 
within the QMS.

Conclusions—Tying It All Together
PTs serve to measure the ongoing proficiency of independent laboratories 
through interlaboratory-comparison of test results for the same 
characterized material. PT participation is often stipulated by the regulatory 
authority overseeing laboratories operations or an accrediting body to which 
laboratories comply, or often both authorities concurrently. It is best to 
consider the laboratories’ accreditation goals and regulatory requirements 
when determining the schedule and budget for PT participation. It is 
best to perform PTs at least annually to monitor laboratory performance 

during a 12-month period. Longer stretches without PT participation could 
negatively impact timely identification of non-conformance and delay 
implementation of effective corrective action. PTs are useful tools to verify 
continuous improvement, resolve or monitor effective corrective actions, 
and demonstrate training and competency for laboratory analysts. PTs are 
a multipurpose external quality assessment tool and should be an integral 
part of the laboratory’s QMS.

Further reading
• ISO/IEC: 17043:2010—Conformity assessment – general requirements 

for proficiency testing
• ISO/IEC: 17025—General requirements for the competence of testing 

and calibration laboratories
• USP Proficiency Testing Program: www.usp.org/proficiency-testing
• NSI Laboratory Solutions PT Program: www.nsilabsolutions.com/profi-

ciency-testing/
• Spex Knowledge Base for white papers on dilutions, calibrations, and 

standards: www.spex.com/KnowledgeBase/AppNotesWhitepaper
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in scientific content and education 
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Lauren Stainback
Global Product Manager for NSI Lab 
Solutions Inc., (a Spex/Antylia Scientific 
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Donnell Charles
Sr. Manager Proficiency Testing Programs 
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PT studies with NSI Lab Solutions.
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COLUMN 
WATCH

New Liquid Chromatography Columns 
and Accessories for 2022
This article covers liquid chromatography (LC) columns and accessories commercially released after Pittcon 
2021 through this year’s virtual conference. Like in the past, LCGC sent out a survey in late 2021 and early 2022 
asking vendors to supply information on products launched over the past year. Note that new products for 
gas chromatography (GC), LC instrumentation and software, and sample preparation are covered elsewhere.  
The information for this article was obtained over several months; therefore, it is possible that some information 
was missed or misinterpreted. The reader is encouraged to check with specific vendor sites for additional 
products as well as more detailed information on product usage and attributes. Links to vendor sites are 
provided where applicable.

David S. Bell

The vendors that responded to the sur-
vey and their new liquid chromatog-

raphy (LC) products are listed in Table I.  
The products vary in targeted analyte type as 
well as in mode of chromatographic opera-
tion. The columns were initially categorized 
as addressing small molecule or large mol-
ecule separations. Within these catego-
ries, the products were further separated 
based on the mode of separation, includ-
ing reversed-phase LC (RPLC), hydrophilic-
interaction LC (HILIC), chiral, size-exclusion 
chromatography (SEC), and affinity chro-
matography. Two additional subcategories 
extracted this year are treated as separate 
entities—new nano- and micro-column for-
mat offerings and columns targeting oligo-
nucleotides are also discussed.

The products launched over the past 
year revealed that there was an empha-
sis in the industry to reduce or eliminate 
analyte–metal interactions. Most of the 
categories this year include some type of 
advance in metal passivation or new uses of 
established “non-metal contact” hardware, 
such as PEEK (polyetheretherketone)-lined 
stainless steel. Unlike in previous years 
where there were enough new products 
in given categories to generate illustra-

tive sub-tables, the new products intro-
duced this year are spread evenly across 
the categories, leaving only a few in any  
given section.

Small Molecule
Reversed-Phase
Selectivity and retention alternatives for 
small molecule separations continues to 
be a market need. Fortis introduced two 
new surface chemistries on their 2.6- and 
5-µm superficially porous particles (SPP) 
platforms. The SpeedCore C18-PFP is 
a C18 and pentafluorophenyl combina-
tion phase that continues a recent trend 
of “enhanced C18 chemistries” intended 
to improve the resolution of diverse com-
pound sets and provide alternate selec-
tivity when compared to the traditional 
alkyl chain stationary phases. The second 
phase introduced by the company in this 
category is the SpeedCore Aqua phase.  
This stationary phase is described as a pro-
prietary polar-endcapped phase intended 
for polar analytes not suited to hydropho-
bic C18 columns. More information on 
these columns may be obtained on Fortis’s 
website (https://fortis-technologies.com/
core-shell-physicals/).

MilliporeSigma introduced a new mono-
lithic column for small molecule analysis. 
The Chromolith HR 2 mm i.d. C18 col-
umn features a macropore (through-pore) 
size of 1.15 µm and a mesopore (internal 
pore) size of 150 Å. The column provides 
rapid separations at low backpressure and 
cost-savings because of its longer column 
lifetimes as the unique macropore size 
prevents column fouling because of matrix 
contaminants. The company also claims 
that a high plate count, which rivals sub-2 
µm ultrahigh performance LC (UHPLC) 
columns, can be achieved. For additional 
information, the reader is directed to the 
following website: https://www.sigmaal-
drich.com/US/en/technical-documents/
technical-article/analytical-chemistry/
small-molecule-hplc/chromolith-hplc-and-
uhplc-columns.

MilliporeSigma also recently intro-
duced a new porous graphitic carbon 
(PGC) phase, Supel Carbon, as an alterna-
tive column choice for polar compound 
analysis via RPLC. The company notes 
that a unique mechanism enables reten-
tion of polar compounds without the 
need for HILIC mobile phase conditions.  
In addition, the complete pH range is avail- Ic
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able for method developers to employ.  
The company states that the patent-pend-
ing synthetic procedure enables columns 
to operate up to 12,000 psi, which was never 
possible with prior generation carbon par-
ticle-packed columns. More information 
is available at https://www.sigmaaldrich.
com/US/en/technical-documents/techni-
cal-article/analytical-chemistry/small-mol-
ecule-hplc/supel-carbon-lc-hplc-columns. 

HILIC
The introduction of HILIC phases has 
decreased over the past several years. 
However, with the attention focused on 
metal elimination and passivation, it is not 
surprising to witness a bit of a resurgence 
in this category. The small, polar molecules 
most often analyzed in HILIC are notorious 
for interactions with metal surfaces that 
can result in poor peak shapes and also  
low recovery. 

Hilicon introduced a number of their 
HILIC phases in PEEK-lined stainless steel 
to eliminate or limit nonspecific binding 
of analytes with metal surfaces. The iHIL-
IC-Fusion(P) is described as a modulated 
amide with phosphate and quaternary 
ammonium moieties built on a poly-
meric support. The iHILIC-(P) Classic is a 
modulated diol HILIC column with sulfate  
and quaternary ammonium attachments.  
This phase is also based on a polymer sub-
strate. The iHILIC-Fusion and iHILIC-Fu-
sion(+) are silica-based HILIC stationary 
phases that are described as modulated 
hydroxyethyl amide columns. The former 
contains the quaternary ammonium moi-
ety as well as both sulfate and phosphate 
groups, whereas the latter contains only the 
quaternary ammonium and sulfate groups. 
All of the columns are said to provide reten-
tion and selectivity for a wide range of polar 
analytes. More information is available at 
https://www.hilicon.com/ihilic/.

Waters developed Atlantis Premier 
ethylene bridged hybrid (BEH) Z-HILIC Col-
umns for HILIC separations. The sulfobe-
taine zwitterionic bonded phase chemistry, 
built on 1.7 µm, 2.5 µm, and 5 µm BEH 
particles, provides a wide range of polar 
analyte retention at an extended pH range, 
according to the company. The new offer-
ing in this chemistry utilizes Waters metal 

passiviation technology, which significantly 
reduces unwanted interactions between 
analytes and metal surfaces in the column 
hardware. The result is improved peak 
shape and increased sensitivity for and 
untargeted metabolites as well as other 
target analytes, such as aminoglycosides, 
nucleosides, nucleotides, and nucleobases, 
among others. See the Waters website 
(https://www.waters.com/nextgen/global/
products/columns/atlantis-premier-col-
umns.html) for further details.

Chiral
New offerings in chiral separations con-
tinue the recent trend of expanding on 
polysaccharide-based supports and taking 
advantage of SPP technology.

ColumnTek LLC introduced the Enantio-
cel A8, which is described as an amylose 
tris(3-chlorophenyl carbamate)-coated 
phase that is available on both 5- and 
3-µm fully-porous particles. The new phase 
is noted as providing unique enantioselec-
tivity, high column efficiency, and excel-

Develosil.us | +1 (858) 800-2433 
10060 Carroll Canyon Rd, Ste 100 San Diego CA 92131 USA

15 Hinode-cho, Seto, Aichi 489-0004 Japan

Nucleic Acid Analysis

Download Application at develosil.us/apps

HPLC & UHPLC Columns 

Rs: 2.032

Mobile Phase: 100mM HFIP + 10mM TEA

Mobile Phase: 100mM HFIP + 10mM DIPA

Rs: 2.563

Sense strand

Sense strand

Antisense 
strand

Antisense 
strand

Sample: Double-Stranded siRNA
5’-UCGAAGUAUUCCGCGUACtt (Antisense) 
5’-GUACGCGGAAUACUUCGAtt (Sense)
Column: FlexFire mAb-RP, 2.6 µm (2.0 x 50 mm)

Temperature: 60°C
Mobile Phase: 
With 50% Methanol (Gradient)

http://www.develosil.us/apps
https://www.sigmaaldrich.com/US/en/technical-documents/technical-article/analytical-chemistry/small-molecule-hplc/supel-carbon-lc-hplc-columns
https://www.hilicon.com/ihilic/
https://www.waters.com/nextgen/global/products/columns/atlantis-premier-columns.html
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TABLE I: New LC products

Company Name Product Name Category Comments*

Advanced Materials  
Technology

Halo 1.5 mm Columns
Micro and nano 

column 
hardware formats

The HALO 1.5 delivers increased sensitivity and reduced solvent 
consumption with UHPLC and UHPLC-MS systems,  

allowing scientists to experience the benefits of capillary 
columns without the pains of specialized microflow systems.

Agilent
AdvanceBio SEC 
PEEK-lined Stain-

less Steel Columns

Size-exclusion 
chromatography (SEC)

Hydrophilic coating on silica ensures low secondary  
interactions leading to good peak shape with low  

tailing and high resolution; the BioInert metal-free flow 
path eliminates concern for metal-sensitive biologics.

ColumnTek LLC Enantiocel A8 Chiral
Unique enantioselectivity, high column  

efficiency and excellent peak shape. 

Daicel Corporation Chiralpak IK Chiral Expanded solvent compatibility; new chiral selector

Fortis

SpeedCore Aqua
Small molecule 
reversed-phase

Retention and separation of polar analytes

SpeedCore C18-PFP
Small molecule 
reversed-phase

Retention and separation of diverse compound sets.  
Orthogonal selectivity over other alkyl chain L1 columns.

SpeedCore Bio Phenyl 
Large molecule 
reversed-phase

Retention and separation of diverse compound sets. Use in 
conjunction with C18 to separate diverse Bio molecules.

Hilicon AB

iHILIC-(P) Classic HILIC
PEEK (polyetheretherketone)-lined stainless steel column 

hardware takes both advantages of biocompatibility of PEEK  
column and mechanical strength of SS column at higher temperature.

iHILIC-Fusion(P) HILIC
PEEK-lined stainless steel column hardware takes both 

advantages of biocompatibility of PEEK column and  
mechanical strength of SS column at higher temperature.

iHILIC-Fusion(+) HILIC
PEEK-lined stainless steel column hardware takes both 

advantages of biocompatibility of PEEK column and  
mechanical strength of SS column at higher temperature.

iHILIC-Fusion HILIC
PEEK-lined stainless steel column hardware takes both 

advantages of biocompatibility of PEEK column and  
mechanical strength of SS column at higher temperature.

MilliporeSigma

Chromolith WP300 
Epoxy, 2 mm i.d.

Affinity
Column provides a “blank slate” for end  

users to immobilize ligand of choice.

Chromolith WP300 
Protein A, 2 mm i.d.

Affinity Rapid mAb titer determination with long column lifetimes.

Chromolith HR, 
2 mm i.d.

Small molecule 
reversed-phase

Rapid separations at low backpressure, Cost-savings are 
achieved as the column lifetimes are much  
longer than for particulate HPLC columns.

Supel Carbon LC
Small molecule 
reversed-phase

Unique mechanism enables retention of very polar compounds 
without the need for HILIC mobile phase conditions; complete 

 pH range available for method developers to employ.

Chromolith WP300 
C18, 2 mm i.d.

Large molecule 
reversed-phase

Rapid separations at low backpressure which can minimize 
artifact generation with especially fragile biomolecules.

Phenomenex

Biozen Nano 
LC Columns

Micro and nano 
column 

hardware formats

High efficiency, excellent inertness, increased  
sensitivity and exceptional quality and robustness.

Biozen Oligo HPLC Oligonucleotides
BioTi hardware reduces sample loss and adsorption.  

Robustness at high pH and temperature.  
Core-shell advantage for high efficiency.

Biozen dSEC-2 Size 
Exclusion Columns

Size-exclusion 
chromatography (SEC)

Exceptionally Robust SEC Particle, extreme stability and 
exceptional lifetime. Reproducible separations.

Regis Technologies

Whelk-O1 Core 
Columns

Chiral
Faster more efficient separations than conventional 

fully porous chiral stationary phase materials.

Reflect I-Cellulose  
Z Polysaccharide  

Columns
Chiral

Immobilized phase extends mobile phase  
compatibility and application range.

*: Comments supplied by vendors

• Continued on Page 213



WWW.CHROMATOGRAPHYONLINE.COM MAY 2022  LCGC NORTH AMERICA  VOLUME 40 NUMBER 5  213

lent peak shape. According to the company, the coated amyl-
ose tris(3-chlorophenylcarbamate) selector can provide better 
enantioselectivity than the corresponding immobilized version.  
Further details can be obtained by emailing info@columntek.com.

Daicel Corporation introduced Chiralpak IK immobilized cellu-
lose tris(3-chloro-5-methylphenylcarbamate) in both 5- and 3-µm 
formats. Immobilization is stated by the organization to expand 
solvent compatibility. The new chiral selector is a cellulosic version 
of Chiralpak IG. A media release statement and further informa-
tion can be accessed at https://chiraltech.com/daicel-chiral-tech-
nologies-announces-the-launch-of-chiralpak-ik/.

Regis Technologies, Inc, launched Reflect I-Cellulose Z Poly-
saccharide columns for chiral analysis in normal phase, RP, 
and supercritical fluid chromatography (SFC). The phase is 
based on cellulose tris(3-chloro-4-methylphenylcarbamate).  
The phase is reported to extend the range of selectivity available 
in the line of Reflect Polysaccharide-based chiral stationary phases 
(CSPs). More on this line of chiral columns may be viewed at  
https://www.registech.com/reflect-polysaccharide-phases/.

Regis Technologies also introduced Whelk-O1 Core columns 
to the market. Built on superficially porous particles (SPPs), the 
columns are reported to provide faster, more efficient separations 
than conventional 5- or 3-µm fully porous chiral stationary phase 
materials. One advantage of the synthetic CSP is that it is available 
in two different absolute configurations: R,R and S,S, which can 
be important when peak elution order matters. Applications and 
other supporting information can be found at https://www.regis-
tech.com/whelk-o1/.

Large Molecule Selectivity and Performance
Reversed-Phase
Fortis launched a new product intended for the reversed-
phase separations of large molecules. The SpeedCore Bio 
Phenyl column is available as a 2.6- or 5-µm, 300 Å Wide 
Pore Bio phenyl phase that has been optimized for pep-
tide and protein separations. The column can be used 
in conjunction with Bio C18 to run complex protein and 
tryptic digests, according to the manufacturer. For addi-
tional information, see https://fortis-technologies.com/
core-shell-physicals/.

MilliporeSigma released a wide-pore monolithic column, called 
Chromolith WP300 C18, in 2 mm i.d. hardware. The macropore 
structure of 2 µm and mesopores of 300 Å allows rapid separations 
at low backpressure, which can minimize artifact generation with fra-
gile biomolecules. The company notes that for biomolecule analy-
sis, the unique macropore size prevents column fouling because of 
matrix contaminants. The company also notes that the high plate 
count provided by the new monoliths rivals sub-2.0 µm UHPLC col-
umns. More information can be found at https://www.sigmaaldrich.
com/US/en/technical-documents/technical-article/analytical-chem-
istry/large-molecule-hplc/chromolith-widepore-300-hplc-columns.

Introducing 
the Shodex™ 
IC SI-37 4D
for Rapid Analysis 
in KOH Eluent

The Showdex IC SI-37 4D 
HPLC column is designed for 
anion analysis using potassium 

ADVERTISEMENT

Showa Denko America, Inc. 
New York, NY 10170

www.shodexhplc.com

hydroxide aqueous solution eluent. According to 
the company, the column easily separates common 
oxyhalides and anions under isocratic conditions,  
and the sulfate ion elutes well before phosphate.  
The column is suitable for highly sensitive and rapid 
determination of inorganic ions according to  
EPA Method 300.1.

The solid support consists of a polyvinyl alcohol 
base functionalized with quaternary ammonium (QA) 
terminal groups that are employed for suppressed ion 
chromatography separations. The column’s PVA base 
material can withstand harsh chemical environments from 
pH 2-13, allowing for a variety of challenging applications.

TABLE I (CONTINUED): New LC products

Company Name Product Name Category Comments*

Tosoh TSKgel FcR-IIIA-5PW Affinity
The only analytical affinity column that 

can analyze mAb glycoforms.

Waters

ACQUITY and XBridge 
Premier Protein SEC 

250 Å Columns

Size-exclusion 
chromatography (SEC)

Columns combine innovations in column hardware and 
SEC particle technology that work synergistically to 

minimize undesired ionic and hydrophobic secondary 
interactions between proteins and the column, affording 

chromatographers the flexibility to use generic or platform SEC 
methods for size-based separations of biotherapeutic proteins.

Atlantis Premier BEH 
Z-HILIC Columns

HILIC
Increase polar analyte retention across a wide pH range (2-10),  

increased retention and different selectivity, reduced 
unwanted interactions between analytes and metal surfaces.

*: Comments supplied by vendors

http://www.shodexhplc.com
mailto:info@columntek.com
https://chiraltech.com/daicel-chiral-technologies-announces-the-launch-of-chiralpak-ik/
https://www.registech.com/reflect-polysaccharide-phases/
https://www.registech.com/whelk-o1/
https://fortis-technologies.com/core-shell-physicals/
https://www.sigmaaldrich.com/US/en/technical-documents/technical-article/analytical-chemistry/large-molecule-hplc/chromolith-widepore-300-hplc-columns
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Size-Exclusion Chromatography (SEC)
SEC resolves analytes based on molecu-
lar size and is often used as a comple-
mentary technique to RP analyses of 
proteins. Columns utilized in SEC are 
often characterized by their strict control 
of pore size and by their inert surface 
chemistry. Because inertness also includes 
the column hardware, it is not surprising 
that the new products in this category 
include different approaches toward  
metal passivation.

AdvanceBio SEC PEEK-lined stain-
less-steel columns from Agilent Tech-
nologies provide aggregate analysis of 
metal-sensitive biologics owing to the 
use of their BioInert metal-free flow 
path, which is reported to eliminate the 
concern for metal-sensitive biologics.  
The columns come with 1.9 µm particles 
with both 120 Å and 200 Å pores. As stated 
by the company, a hydrophilic coating on 
silica ensures minimal secondary inter-
actions leading to good peak shape with 
low peak tailing and high resolution. For a 
more detailed description of the Agilent 
offering, see https://www.agilent.com/cs/
library/brochures/brochure-bioInert-col-
umns-5994-2983en-agilent.pdf.

Phenomenex introduced Biozen dSEC-2 
SEC columns to the market. The Biozen 
dSEC columns are packed with low pore 
volume silica with a proprietary hydrophilic 
diol-type bonded surface chemistry.  
The silica provides mechanical strength to 
improve column packing. The stationary 
phase modification prevents the silica sur-
face from interacting with the protein sam-
ples. The company claims column stability 
exceeding 100 hr even with harsh mobile 
phase and high flow-rates. More informa-
tion can be found at https://www.phenom-
enex.com/products/detail/biozen/dSEC-2.

Waters recently commercialized Acquity 
and XBridge Premier Protein SEC 250 Å 
Columns. The columns are said to pro-
vide an accurate determination of protein 
aggregates, monomers, and small-sized 
fragments in proteins that range in size 
from 10,000 to 650,000 daltons. The col-
umns are intended for the characterization 
and monitoring of biotherapeutic product 
size variants. The Acquity column utilizes 
Waters hybrid (BEH) particle technology in 

a 1.7 µm particle size, whereas the XBridge 
sports a 2.5 µm particle bed. In both 
cases, the BEH particles are modified with 
hydroxy-terminated polyethylene oxide 
(PEO) and utilize Waters metal passivation 
technology. The columns are reported to 
combine innovations in column hardware 
and SEC particle technology that work 
synergistically to minimize undesired 
ionic and hydrophobic secondary inter-
actions between proteins and the column.  
Further details and offerings can be found 
at www.waters.com/sec.

Affinity
Affinity chromatography is a separation 
technique based on highly specific inter-
actions between two partners. Through the  
immobilization of one partner to a solid 
surface, the other partner can be effectively 

“fished” out of a complex mixture with high 
specificity. Affinity chromatography is yet 
another complementary tool employed to 
fully characterize large molecules. 

MilliporeSigma introduced the 
Chromolith WP300 Epoxy 2 mm i.d. col-
umn that can be customized by the user 
to immobilize their own ligand to the col-
umn. The wide pore monolithic structure 
is often used as a “blank slate” for affin-
ity chromatography work, but has also 
been used as a starting point for HILIC, 
chiral, and ion-exchange (IEX) appli-
cations. MilliporeSigma also released 
a specific affinity column, Chromolith 
WP300 Protein A, for rapid monoclonal 
antibody (mAb) titer determination.  
The monolithic structure provides long 
column lifetimes and consistent binding 
efficiencies of mAbs even at high flow 
rates, according to the company. For fur-
ther information on wide-pore monolith 
offerings, see https://www.sigmaaldrich.
com/US/en/technical-documents/tech-
nical-article/analytical-chemistry/large-
molecule-hplc/chromolith-widepore-300- 
hplc-columns.

Tosoh launched the TSKgel FcR-IIIA-5PW, 
a 1000 Å polymethacrylate surface treated 
with modified recombinant FcyRIIIA 
intended for antibody drug analysis.  
The company claims that this is the only 
analytical affinity column that can analyze 
mAb glycoforms. For more information 

on this HPLC and MS-compatible col-
umn, see https://www.separations.us.
tosohbioscience.com/HPLC_Columns/
id-8778/TSKgel_FcR-IIIA-5PW.

Micro and Nano Column
Hardware Formats
Advanced Materials Technologies intro-
duced a number of their Halo columns 
in a new 1.5 mm i.d. format. Four new 
product offerings, including a 90 Å C18, 
160 Å ES-C18, and two 1000 Å phases 
(C4 and diphenyl) in column lengths 
of 50–150 mm, are now available. 
According to the company, the 1.5 mm 
i.d. delivers increased sensitivity and 
reduced solvent consumption, allowing 
scientists to experience the benefits of 
capillary columns without the pains of 
specialized fittings and techniques as 
it feels and installs like an analytical  
2.1 mm i.d. column. Separations utiliz-
ing the 1.5 mm format consume half the 
solvent compared to 2.1 mm columns. 
In addition, twice the signal intensities 
in comparison to 2.1 mm columns are 
reported. A number of applications, 
as well as a brochure, are available at 
https://halocolumns.com/introducing-
the-new-halo-1-5/.

Phenomenex introduced Biozen 
Nano LC Columns (https://www.phe-
nomenex.com/info/page/21resour-
cesnano). According to the develop-
ers, the 75 µm i.d. columns utilize 
core-shell particles with a highly con-
sistent morphology. The format mini-
mizes band broadening associated 
with diffusion and mass transfer, lead-
ing to higher efficiency. The com-
pany also claims minimal peak widths, 
which enhances the separation for 
omics analysis. The columns also fea-
ture a SecurityLink finger-tight fitting 
system that simplifies the connec-
tion process and provides consistent 
performance with technology that 
prevents column damage because of 
overtightening. Stationary phases that 
are available in this format include 
Biozen Peptide PS-C18 (charged 
surface ligand/C18 ligand), Biozen 
Peptide XB-C18 (di-isobutyl C18),  
and Biozen Polar C18 (“enhanced 

https://www.agilent.com/cs/library/brochures/brochure-bioInert-columns-5994-2983en-agilent.pdf
https://www.phenomenex.com/products/detail/biozen/dSEC-2
www.waters.com/sec
https://www.sigmaaldrich.com/US/en/technical-documents/technical-article/analytical-chemistry/large-molecule-hplc/chromolith-widepore-300-
https://www.separations.us.tosohbioscience.com/HPLC_Columns/id-8778/TSKgel_FcR-IIIA-5PW
https://halocolumns.com/introducing-the-new-halo-1-5/
https://www.phenomenex.com/info/page/21resourcesnano
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selectivity” C18). Each of the stationary 
phases is available in 150- and 250-mm  
columns lengths.

Oligonucleotides
Like polar molecules and proteins, oligo-
nucleotides are also notorious for binding 
to metals. Phenomenex commercialized 
bioZen Oligo columns that utilize organo-
silica core-shell particles with a highly con-
sistent morphology that minimizes band 
broadening associated with diffusion and 
mass transfer. According to the company,  
this leads to higher efficiency and minimal 
peak widths, which is critical for the separa-
tion of closely eluting impurities associated 
to synthetic oligonucleotides. The columns 
are constructed with BioTi hardware which 
reduces sample loss because of metal 
adsorption and core-shell particles which 
provide for high efficiency. The company also 
claims robustness at high pH and temperature. 
For further information, see https://www.phe-
nomenex.com/Products/detail/biozen.

Conclusions
From small polar molecules to proteins and 
oligonucleotides, different approaches  
to minimizing undesired metal inter-
actions are being applied. Although the 
new chromatography column products 
launched in 2021 and early 2022 were 
evenly spread across many categories, 
they did have one common theme—
metal passivation. There was some type 
of metal passivation or elimination that 
was apparent in each of the categories 
except “Chiral.” Whether metal-free chro-
matography is enacted via PEEK or PEEK-
lined stainless-steel hardware, selected 
metal alloys, or passivated stainless-steel 
approaches, it will be interesting to see if 
the trend continues.
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Sponsored by

Keeping your instrument at peak performance levels is the 
best way to prevent loss of productivity due to unscheduled 
downtime. Proactive replacement of certain instrument 
components, tailoring instrument service to meet your 
specific lab’s needs and upgrading your instruments with 
the latest technology is the best way to cost effectively 
manage your laboratory’s assets.

LCGC: Why is unscheduled downtime an issue, and how does this impact laboratories? 
OLSEN: Unscheduled, unexpected downtime has a direct effect on an organization’s ability to 
be productive and serve their customers. Third party research has shown that 82% of global 
organizations surveyed experienced at least one unplanned event which involved critical assets over 
the past three years, and that the costs associated with that downtime was an average of $260,000 
per hour.

Because organizations want to closely control costs to stay competitive, laboratory managers 
are constantly challenged to maximize productivity and minimize laboratory operating costs. 
Some of the most expensive assets in laboratories are analytical instruments. For example, high-
performance liquid chromatography (HPLC) and mass spectrometry (MS) instruments are some 
of the more sophisticated and highly utilized instruments in labs. Unscheduled downtime for these 
instruments means a costly loss of productivity and a decrease in data quality—both reduce the 
ability of organizations to competitively service their customers.

LCGC: How does Waters™ work to reduce unscheduled downtime for their customers? 
OLSEN: One way is that we have adopted an uninterrupted performance philosophy when it 
comes to maintaining Waters’ instruments. Waters believes that to minimize downtime, analytical 
instruments benefit from a more intense commitment than traditional preventative maintenance, 
and we call our enhanced protocol “performance maintenance.” 

LCGC: How is performance maintenance different from traditional  
preventative maintenance?
OLSEN: Waters’ experience has shown that unexpected instrument downtime can be reduced 
by enhancing the preventative maintenance protocol to include replacement of all the critical 
components, which experience normal wear with high-quality original manufacturer parts, even if 
the engineer does not identify signs of wear on that component. This is important, not only because 
parts wear often cannot be visually identified, but also because a maintenance engineer’s visual 
assessment is subjective and can depend on their experience and how familiar they are with wear 
and tear caused by the methods run on that instrument. Replacing all the critical components which 
experience wear keeps the instrument working in peak condition. It is one of the ways we help labs 
stay productive.

Strategies Laboratory Managers Can Follow to Reduce 
the Cost of Unscheduled Instrument Downtime

Jenny Olsen
Global Product Manager 
Instrument Service
Waters Corporation LCGC: How can instrument manufacturers help laboratory managers 

proactively reduce downtime?
OLSEN: In addition to providing regular instrument performance 
maintenance, Waters helps lab managers avoid unplanned repair costs 
and downtime associated with instrument failures by offering yearly or 
multi-year service plans that lab mangers can tailor to their labs’ needs. 
We understand that labs utilize their instruments differently and that 
cookie-cutter plans may not fit the needs of every lab, so we developed the 
FlexCHOICE™ Service Plan offering. FlexCHOICE consists of service building 
blocks a lab manager can assemble to build a custom service plan for their 
lab. These building blocks include service with or without performance 
maintenance, instrument qualification services for regulated labs, and 
the ability to add additional scheduled performance maintenance events 

and even MS ion-source cleanings if the instruments in your lab are highly 
utilized or run challenging samples. Waters service experts can help lab 
mangers assemble a customized service plan for their lab—no more and no 
less services than their labs need. 

LCGC: What next steps would you recommend if someone wants to 
learn more about how to reduce unscheduled instrument downtime? 
OLSEN: The need to reduce downtime is only going to become more 
urgent as organizations continue to try to reduce operating costs to remain 
competitive, so it is important for lab managers to partner with instrument 
manufacturers who also aspire to the uninterrupted performance goal 
and innovate to help achieve it. With each generation on instruments, 
Waters improves performance and reliability. In fact, some people are 
reluctant to let go of their older instruments because they still work fine, 
or they run validated methods on them. But holding onto old technology 
presents a risk. As technology changes, it becomes more and more difficult 
to obtain replacement parts based on that older technology and the risk 
of unscheduled downtime increases. Waters can help reduce the risk by 
transitioning validated methods to new instrument technology with our 
FlexMETHODS™ Program. I encourage you to find out all the ways Waters 
can help you proactively reduce instrument downtime risk by going to 
Waters.com. We realize that managing and maintaining instrument assets 
is a 24/7 job and believe that a reactive approach cannot work in today’s 
business environment. Unscheduled downtime risk can be reduced but it is 
important to be proactive.

Waters provides analytical technologies and scienti ic expertise to improve human health and wellbeing.

http://www.chromatographyonline.com
http://www.waters.com
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SAMPLE PREP  
PERSPECTIVES

New Sample Preparation Products 
and Accessories 2021–2022
Our annual report on new products introduced in the preceding year (since March 2021) covers sample preparation 
instrumentation, supplies, and accessories.

Douglas E. Raynie

As the world emerges from the 
pandemic, assessing new prod-

ucts remains challenging. Although 
pr int  and e lect ronic  mater ia ls 
abound, professional meetings and 
exhibitions have been hit or miss, 
and have been a combination of vir-
tual, hybrid (a mix of virtual and in 
person), and, on the rare occasion,  
in person. Personal visits with sales 
representatives came to a near 
grinding halt. Similar to the 2021 
new product review and presumably 
because of the pandemic, the num-
ber of new sample preparation tech-
nologies introduced in the past year 
appear to be down compared with 
previous years, though it is hard to 
assess without the personal visits to 
Pittcon vendors.

Our annual review of sample prep-
aration products covers the previous 
year. In late 2021, the LCGC staff sub-
mitted a survey to vendors of sample 
preparation products. The responses 
to this survey are compiled in this 
review. In total, there were fewer 
responses than in previous years 
and less new product introduc-
tions during the past twelve months.  
Most product introductions were 
aimed at improving performance 
of existing technologies, especially 
solid-phase extraction (SPE), includ-
ing sorbents and accessories.

This review is presented in three 
sections. First, solid-phase extrac-
tion (SPE) sorbents and products are 
discussed. Next, other sorbent-based 
sample preparation technologies are 
presented. Finally, attention is turned 
to other sample preparation acces-
sories and supporting technologies. 
To assist the reader with some of 
the details behind these new prod-
ucts, each section presents a tabular 
summary of the associated products.  
In all cases, the new products we 
uncovered are presented in the anno-
tated table, while the text highlights 
particularly worthwhile products.

Solid-Phase Extraction (SPE)
United Chemical Technologies, or UCT,  
led the way in developing new SPE 
products in 2021. The company intro-
duced a new polymeric SPE in the 
96-well plate format with Micro-Prep. 
The Micro-Prep utilized disk technol-
ogy with dense packing of the sor-
bent particles to generate the uni-
form flow needed for sample clean-up 
and analyte enrichment. Four differ-
ent chemistries, reversed-phase (RP) 
hydrophilic-lipophilic balance (HLB), 
mixed-mode strong cation exchange, 
strong cation exchange, and strong 
anion exchange are available in a sin-
gle package that includes the extrac-
tion plate, collection plate, and seal-

ing film. Next, UCT brought to market 
a silver ion-functionalized silica gel 
cartridge, the Enviro-Clean Fusion 
Ag+. The sorbent, packed as 500 mg or 
1 g in 6-mL cartridges or 2 g in a 15-mL 
cartridge, is not deactivated by water 
and is used for the fractionation of 
aliphatic and aromatic hydrocarbons 
because the aromatics form a charge-
transfer complex with silver ions.  
To address environmental friendliness 
even further, acetone can be use in 
place of dichloromethane as the elu-
tion solvent. The final product entry 
by UCT was the HydraFlow vacuum-
controlled SPE workstation. The four 
independent channels can extract 
samples independently or simultane-
ously in an environment free of cross-
contamination. The sample pathways 
are coated to minimize corrosion 
from exposure to organic solvents 
or acids. Channel switching accom-
modates the collection of the sample 
eluate and separation of aqueous and  
organic wastes.

Two cartr idge products f rom 
Restek focused on sample clean-up.  
The Resprep CarboPrep Plus SPE 
cartridge is a carbon-loaded device 
specifically designed for the clean-
up of water and soil samples for the 
analysis of organochlorine pesticides. 
Meanwhile, in both cartridge and 
plate formats, the Resprep PLR SPE 
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is intended for phospholipid and 
protein removal from plasma, serum, 
and whole blood prior to chromato-
graphic analysis, avoiding signal 
suppression in subsequent mass 
spectral characterization. A top frit 
captures proteins, and a sorbent bed 
of a porous polymer sintered with 
silica particles retains phospholipids. 
Another product aimed at protein or 
peptide desalting and fractionation is 
the Empore C18 Stage tips from CDS 
Analytical. The pipette tips feature 
chemically resistant C18-treated sil-
ica gel placed into micropipette tips. 
The chemical resistance allows use of 
organic solvents and acidic or basic 
conditions for protein and peptide 
desalting and fractionation.

Speciality SPE phases are featured 
in two new SPE devices. The CDS 
Empore 6080 HLB Standard 96-well 
plate features a proprietary prefilter 
followed by a mixed-mode hydro-
philic-hydrophobic balance styrene-
divinylbenzene material for extraction 
of serum, plasma, and whole blood. 
The pyrrolidone and urea HLB sorbent 
bed is claimed to allow high product 
consistency. Hilicon AB introduced 
the iSPE Hilic, featuring hydroxy-
ethylamide, sulfate, and quaternary 
ammonium silica in both cartridge 
and 96-well plate formats with high 
retention capacity for sample prepa-
ration of hydrophilic compounds. 
Suggested applications include the 
purification of glycopeptides, glycans, 
hydrophilic peptides and metabolites, 
and related biomolecules.

Table I provides a summary of each 
of these SPE products. 

Sorbent-Based Technologies
Building off the decades of expe-
rience with SPE, these and similar 
sorbents are reapplied in several 
other sample preparation modalities.  
This review period featured four of 
these. Phenomenex claims an all-in-
one sample storage, transfer, and 
filtration process with Verex filter 
vials. The polypropylene 12 x 32 mm 
vials incorporate a syringe, filtration 

membrane, vial, and cap and septa 
into a single product, as depicted 
in Figure 1. Liquid sample is placed 
into the reservoir of the external vial,  
then the internal plunger is com-
pressed to push the sample through 
the membrane which traps particulates 
to produce a particulate-free sample. 
Equipped with a pre-slit PTFE/silicone 
septa, the vial can be placed into most 
chromatography autosamplers. A vari-
ety of filtration media are available 
for a range of environmental, food, 

and bioanalysis applications. The sole 
hydrophobic membrane, polytetraflu-
oroethylene (PTFE) is suitable for filtra-
tion of organic, highly acidic or basic 
solvents. Four hydrophilic membrane 
options exist including regenerated 
cellulose for aqueous and organic 
solutions, nylon for bases, solvents, 
alcohols, and aromatic hydrocarbons, 
polyethersulfone for critical biological 
samples, tissue culture media, addi-
tives, and buffers, and polyvinylidene 
fluoride for alcohols or biomolecules.

SEC-MALS FOR ACCURATE
SAMPLE CHARACTERIZATION

A column optimized for MALS and biotherapeutic analysis
The TSKgel® UP-SW3000-LS U/HPLC SEC column offers unique 
noise suppression, resulting in increased sensitivity of 
advanced detection.

A team of experts to support your work
Our team of chromatography experts provides our biopharma 
partners with solutions to develop safe and effi cient therapies.

A MALS detector with revolutionary technology
The LenS3® MALS detector’s design eliminates noise from stray 
light, thereby maximizing S/N. This results in incredibly sensitive 
and accurate biomolecular MW measurements.

www.tosohbioscience.com800-366-4875 info.tbl@tosoh.com

Contact us for more information:

The NEW TSKgel UP-SW3000-LS is now available!

Tosoh Bioscience and TSKgel are registered trademarks of Tosoh Corporation. 
LenS is a registered trademark of Tosoh Bioscience LLC in the USA, India, and Japan.
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QuEChERS (quick, easy, cheap, effective, rugged, and 
safe) and simplified liquid extraction (SLE) are two sor-
bent-based extraction technologies that are developing a 
following in the field. In response, new product offerings 
addressed these techniques. Thermo Scientific refined 
their QuEChERS collection to include pre-weighed high 
quality salts and sorbents designed to minimize clump-

ing of salts to provide reliable and reproducible results. 
Available in pouches and pre-filled tubes, the product 
collection accommodates the original QuEChERS meth-
ods, as well as the Association of Official Analytical 
Chemists and European methods. Phenomenex devel-
oped a cleaner version of their synthetic SLE sorbent for 
the Novum Pro SLE to achieve lower detection levels for 
clinical assays.

Markes International introduced the HiSorb sorptive 
extraction system for the analysis of volatile and semi-
volatile organic compounds in liquids and solids by ther-
mal desorption-gas chromatography–mass spectrometry 
(GC–MS). High capacity immersive or headspace sampling 
accommodates trace analysis with the use of four available 
sorbents: polydimethylsiloxane (PDMS) for volatiles and 
nonpolar semivolatiles; PDMS/carbon wide-range (CWR) 
for low molecular weight compounds; PDMS/divinylben-
zene (DVB) for volatiles, amines, and polar compounds; 
and DVB/CWR/PDMS for volatiles, semivolatiles, and 
flavor compounds. Inert-coated probes are available for 
reactive systems. When used with Markes’ thermal desorp-
tion system, trapping is achieved with electrical cooling 
rather than cryogens.

Table II provides a summary of these sorbent-based 
technologies.

Sample Preparation Accessories and Related Products
The field of sample preparation is so broad, and there are 
a large number of established and emerging technolo-

Cap and Septa

Internal Plunger

External Vial

Filtration Membrane

Sample Reservoir

FIGURE 1: The Verex filter vial from Phenomenex combines 
syringe filter and vials for simplified workflow. Photo courtesy  
of Phenomenex.

TABLE I: Solid-phase extraction products

Vendor Product Name Description

United Chemical 
Technologies

Micro-Prep

A 96-well micro-elution plate featuring disk technology with dense  
sorbent particle packing for uniform sorbent distribution with minimal 

diffusion distance. Available with reversed-phase, mixed-mode strong cation 
exchange, strong cation exchange, and strong anion exchange formats.

Enviro-Clean 
Fusion Ag+

Silver ion-functionalized silica gel available in 500 mg or 1 g sorbent bed in  
6-mL cartridge or 2 g sorbent bed in 15-mL cartridge. Designed for  

fractionation of aliphatic and aromatic hydrocarbons.

HydraFlow
Vacuum-controlled SPE workstation with four independent channels. Sample 

pathways are coated to prevent corrosion from exposure to organic solvents and acids.

Restek
Resprep CarboPrep 
Plus SPE Cartridge

Carbon sorbent bed (95 mg) packed into 3-mL cartridge for sample clean-up to 
minimize plugging of systems during analysis of organochlorine pesticides.

Resprep PLR SPE 
Cartridges and Plates

Available in cartridge (25 mg sorbent in 1-mL cartridge) or 
96-well plate (25 mg sorbent) for removal of 

phospholipids and proteins prior to GC–MS or LC–MS/MS.

CDS Analytical
Empore C18 
Stage Tips

Micropipette tips (200 μL) with two layers of Empore membrane. C18 
tips developed for protein and peptide desalting and fractionation. 

Also available in C8, SDB-XC, SDB-RPS, SAX, SCX formats.

Empore 6080 HLB 
Standard 96-well 

Plate, 1.2 mL

Mixed-mode styrene divinylbenzene and pyrrolidone and urea 96-well plates. A prefilter 
prevents particulates and macromolecules from interrupting solvent flow. A patented collar 

design prevents cross-contamination. High flows, high capacity, and reduced elution volumes.

Hilicon AB iSPE-Hilic
High purity silica (50 μm, 60 Å) functionalized with hydroxyethylamide, sulfate, quaternary 

ammonium for universal preparation of hydrophilic biomolecules. 1-, 3-, and 6-mL cartridges 
with 25-2000 mg HILIC material or 96-well plates with 200 mg HILIC material per plate.
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gies identified as sample preparation, that commercial 
developments and new product introductions are often 
in seemingly scattered areas. An attempt is made here to 
unify these varied product offerings.

Gas Sampling
Markes International created a compact radial diffusive 
sampler, the Pocket Diffusive (POD) Sampler, compatible 
with thermal desorption. The sampler has a large dif-
fusive surface area for adsorption and a short diffusive 
pathway. After the POD Sampler is deployed, the cover is 
removed for sampling. After the suitable sampling period,  
the cover is replaced. Volatile compounds as low as C4 
are sampled. Two valve systems were introduced for gas 
sampling. ASDevices presented the S4 Sample Stream 
Selection System. Two, four, six, and eight inlet versions 
are available with a proprietary purge leap sealing valve 
to preserve sample integrity by eliminating contamination 
by ambient air. The Restek Air Valve Excellence (Rave+) 
air diaphragm valve possesses durable, roller-hardened 
valve port threads and an all-metal seat for long service 
life. These valves are standard in the Restek line of air 
sampling canisters.

Maximize LC-MS/MS  
Performance with Restek

• Stable retention times for tight MRM windows so you can 
 analyze large analyte lists with confidence.

•  Rugged manufacturing and rigorous LC-MS/MS testing ensure 
consistent column-to-column performance. 

•  Wide range of formats and phases provides the speed and 
selectivity you need.

Built for LC-MS/MS
High-Performance Raptor and Force Columns from Restek

Recharge your LC-MS/MS Methods

www.restek.com/LC

From R&D to manufacturing to applications, the pillars for LC-MS/MS 
success are ingrained in every Restek LC column.

TABLE II: Sorbent-based sample preparation products

Vendor Product Description

Phenomenex
Verex Filter 

Vials

Filtration and vial technology 
combined in polypropylene vials 

ready for standard autosam-
plers. High sample recovery 

achieved with low sample dead 
volume (30 μL) in 12 x 32 mm 

vials. Five polymeric membrane 
options allow a variety of 

application areas.

Novum Pro SLE
Upgraded synthetic sorbent 

for clinical assays by simplified  
liquid extraction.

Thermo Fisher 
Scientific

Thermo 
Scientific 

QuEChERS

Pouches and pre-filled tubes  
for the original, Association of 
Official Analytical Chemists,  

and European methods.

Markes 
International

HiSorb

High capacity sorptive 
extraction for trace-level

immersive and headspace 
sampling of volatile and 

semi-volatile organic compounds. 
Four sorptive phases available.

http://www.restek.com/lc
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Solvent Evaporation
Two evaporation systems came to 
the market this year. The Porvair Sci-
ences Ultravap Mistral XT150 is a 
blow down solvent evaporator capa-
ble of drying at temperatures up to 
80 °C. Programmable evaporation 
methods are allowed and 15 cm vials 
and ANSI standard microplates are 
accommodated. Biotage presented 
the TurboVap Dual automated single- 
and dual-channel well-plate evapo-
ration system. Preheated gas and 
convection heating speeds the evap-
oration process and improves consis-
tency. Energy and gas consumption  
are monitored.

Homogenization/Milling
PreOmics GmbH introduced the 
BeatBox sample homogenizer for 
rapid (less than 10 min) and scalable 
treatment of tissues and cells from 
96-well plates. The Frontier Labo-
ratories IQ Mill-2070 cryogenic mill 
is a benchtop grinding device that 

can handle up to three samples at a 
time. The impact and shear crushing 
mechanism comes from a high-speed 
figure eight motion.

Enrichment
YMC developed a N-Rich impurity 
amplification system for the isola-
tion of product-related impurities for 
pharmaceutical active ingredients via 
a fully automated process.

Glassware
Thermo Scientific assists analysts 
with the Sure Start collection of vials, 
caps, inserts, kits, mats, and well-
plates. High quality materials mini-
mize analyte adsorption, pH shifting, 
and contamination.

Table III provides a summary of 
these sample preparation accesso-
ries and related products.

Conclusion and Future Directions
Although it seems as if new sam-
ple preparation product offerings 

have slowed since the pandemic,  
vendors must continue to innovate 
to address market needs. As the 
pandemic winds down and confer-
ences and expositions become live 
events again, awareness of new prod-
uct developments should rebound.  
As a result, breakthrough technolo-
gies should follow.

Douglas E. Raynie
“Sample Prep Perspec-
tives” editor Douglas E. 
Raynie is a Department 
Head and Associate Pro-

fessor at South Dakota State Univer-
sity. His research interests include 
green chemistry, alternative solvents, 
sample preparation, high-resolution 
chromatography, and bioprocessing in 
supercritical fluids. He earned his PhD 
in 1990 at Brigham Young University 
under the direction of Milton L. Lee. 
Raynie is a member of LCGC ’s edito-
rial advisory board. Direct correspond-
ence about this column via e-mail to  
LCGCedit@mjhlifesciences.com.

ABOUT THE COLUMN EDITOR

TABLE III: Sample preparation accessories and related products

Vendor Product Description

Markes  
International

POD Sampler
Low-volume sampler for short-term radial diffusive sampling of low atmospheric 

concentrations of C4-C9 pollutants. Compatible with all commercial thermal desorption systems. 
Developed in collaboration with the European Commission’s Joint Research Center in Ispra, Italy.

ASDevices
Sample Stream 

Selection 
System (S4)

Manual, automatic, or remote control and a proprietary purge leap sealing  
valve accommodates a number of gas sampling situations. Avoids sample  

contamination by atmospheric air.

Restek
Rave+ Dia-
phragm Air 

Valves

A positive stop prevents over-opening and strengthened threads 
upgrade the performance of the Restek line of air sampling canisters.

Porvair 
Sciences

Ultravap 
Mistral XT150

Programmable blow down evaporation methods up to 80 °C. Designed for 15-cm vials and microplates.

Biotage
TurboVap 
96 Dual

Well-plate evaporator with single- and dual-functionality. Designed to prevent well to 
well cross-contamination. Preheating from the top and convection heating reduces time 

and gas consumption. 13 x 14-inch footprint. Energy and gas use are monitored.

PreOmics 
GmbH

BeatBox
Homogenization of tissues and cells in less than 10 min in 96-well plates. 

Completely shears most DNA with minimal protein release.

Frontier 
Laboratories

IQ  
Mill-2070

Benchtop cryogenic mill of up to three samples at a time. Figure-8 impact and shear 
crushing with less nitrogen consumption.

YMC
N-Rich  

Impurity 
Amplification

Automated multistep process to isolate impurities from active pharmaceutical ingredients.

Thermo Fisher 
Scientific

Sure Start
Versatile collection of vials, caps, inserts, kits, mats, and well-plates. Recommended products 
based on performance needs, sample volume, and compound polarity, volatility, and stability.

mailto:lcgcedit@mjhlifesciences.com
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Py-GC–MS Investigation of Pyrolysis 
Behaviors and Decomposition Products of 
α- and β-2,7,11-Cembratriene-4,6-Diols
To study the thermal stability of cembratriene, α- and β-2, 7, 11-cembratriene-4, 6-diols (α- and β-CBT)  
were isolated from tobacco leaves. Thermogravimetric (TG) and differential thermogravimetric (DTG) analyses 
were used to evaluate the cleavage dif ferences between the two compounds. The TGA results showed 
the peak temperatures (Tp) were 263.3 °C and 254.1 °C with the largest weight loss rate; the significant 
weight losses were 90.96% and 99.45%. Pyrolysis gas chromatography–mass spectrometry (Py-GC–MS)  
was employed for the pyrolysis products at different temperatures (300, 600, and 900 °C) under either N2 or 
an O2:N2 (10%:90%) mixture. The results showed that the major pyrolysates from α- and β-CBT were simple 
hydrocarbons, such as toluene, 1, 4-pentadiene, and p-xylene, as well as several important flavor compounds, 
such as 2-methylfuran, benzaldehyde, and 4-methylbenzaldehyde. More pyrolysis products were obtained at 
higher temperatures, and almost all of the harmful aromatic ingredients were produced at 900 °C. Importantly, 
solanone, a significant flavor component, was only obtained from the pyrolysis of α-CBT under 10% O2 in N2 
at both 600 and 900 °C. The number of the pyrolysates changed with the change in pyrolysis temperature and 
the presence of oxygen. The study of the thermal behavior and pyrolysis products of these terpenoids could 
possibly suggest flavor precursors that could be used to provide specific flavors.

Shen Huang, Chen Yang, Ning Ma, Lifeng Zhou, Chunxiao Jia, Tao Wei, and Duobin Mao 

The epimeric macrocycles, α- and 
β-2,7,11-cembratriene-4,6-diol (α- and 

β-CBT), are the two most abundant cem-
branoids found in tobacco (1–3) and are the 
main components of the glandular secre-
tions formed on the surface of tobacco 
leaves. They play a number of important 
roles during plant growth and develop-
ment. The absolute configuration of α-CBT 
is (1S, 2E, 4S, 6R, 7E, 11E)-2,7,11-cembratri-
ene-4,6-diol and that of β-CBT is (1S, 2E, 4R, 
6R, 7E, 11E)-2,7,11-cembratriene-4,6-diol  
(Figure 1).

As two latent fragrant substances, α- and 
β-CBT are of interest because they are 
the precursors of key flavor constituents 
in Nicotiana species (4). They can be bio-
chemically degraded and transformed into 
neutral flavoring substances such as sola-
none and solandion (5,6), even though they 
have no fragrance of their own. It should 
be noted that solanone imparts the flavors 
of carrot and licorice, and it has a tea-like 
aroma, which is an important fragrance 
(7–9). The addition of solanone to ciga-
rettes can significantly increase the aroma,  
make the smoke plump, and greatly 
improve the quality of cigarettes (10,11).

Roberts and Rowland reported 
α- and β-CBT for the first time after 
isolation from aged Burley tobacco 
(12). The structure and absolute ste-
reochemistry of β-CBT were estab-
lished based on X-ray crystallogra-
phy, whereas the structure of α-CBT 
was based on chemical degradation 
and later confirmed crystallographi-
cally (13). The two compounds, which 
constitute 0.01% and 0.005% of the 
dry Burley leaf, have also been found 
in flue-cured, Turkish, and unaged  
Burley tobaccos.

To improve the initial complicated 
process for the isolation and purifica-
tion of α- and β-CBT, optimized meth-
ods were reported by Severson and 
others (2) and Kong and Zong (14). 
Mature fresh tobacco leaves were 
extracted using dichloromethane 
and subjected to liquid–liquid extrac-
tion (LLE) to obtain a crude extract.  
This extract was separated by high 
performance liquid chromatography 
(HPLC), crystallization, and recrystalli-
zation, to successively produce α- and 
β-CBT. Ultraviolet (UV), infrared (IR), 

nuclear magnetic resonance (NMR), 
and high-resolution mass spectrometry 
(HRMS) techniques, as well as other mod-
ern organic chemical analyses, were used 
to characterize their structures and abso-
lute stereochemistries. The structural 
variation between α-CBT and its epimer 
β-CBT was ultimately distinguished by 
two-dimensional (2D)-NMR.

Previous studies on α- and β-CBT 
have typically concentrated on their 
separation, identification, qualita-
tive and quantitative analysis (15,16), 
biosynthesis (17,18), biodegradation 
(19), and chemical synthesis. In this 
study, we applied pyrolysis–gas chro-
matography–mass spectroscopy (Py-
GC–MS), which served as a powerful 
tool for conducting qualitative and 
quantitative analysis of thermolytic 
decomposition products from α- and 
β-CBT (20). Although studies on the 
thermal behavior and pyrolysis of gly-
cosides have been reported (21–24), 
their application of cembrene for the 
purpose of producing aroma and flavor 
compounds, such as solanone, has not 
been reported. By studying the product 
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distributions obtained under different pyrolysis condi-
tions, important basic information can be obtained that sug-
gests appropriate precursors that could be used to provide  
specific flavors. 

Materials and Methods
Plant Material
Mature tobacco leaves of Nicotiana tabacum L were col-
lected in an experimental tobacco field in Xuchang City, 
Henan Province, China. A voucher specimen (TL20150804) 
was deposited in our laboratory.

General Characterization Methods
UV spectra were obtained using a Puxi TU-1901 spectropho-
tometer. The IR spectra were recorded using a Bruker Vertex 
70 Fourier transform IR (FT-IR) ESP spectrometer. The sam-
ples were analyzed as KBr micropellets. First dimension (1D) 
and second dimension (2D) NMR spectra were recorded on 
Bruker Avance AMX-400 spectrometers with TMS as the inter-
nal standard. HRMS spectra were recorded with a Thermo 
Fisher Exactive Orbitrap spectrometer. Py-GC–MS analysis 
was performed on a combined system consisting of an Agi-
lent 7890A-5975C GC–MS instrument and a CDS Analytical 
Pyroprobe 5200. Semi-preparative HPLC was performed on 
a Waters Delta 600 preparative liquid chromatograph with 
a Waters 2489a UV detector and a C18 column (4.6 mm ×  
250 mm, 5 μm), with the detection wavelength being 210 nm. 

Sample Preparation
Whole fresh tobacco leaves (100 kg) were extracted three 
times with CH2Cl2 (3 × 5.0 L). Each of the 3–5 leaves were 
swirled for 3–5 s, and filtered to yield a filtrate. A crude extract 
was concentrated by rotary evaporation at 45 °C. The dried 
extract (2.0 g) reconstituted in CH2Cl2 was washed twice with 
5% phosphoric acid (20 mL) by a separatory funnel, and the 
separation then le ft the organic phase. The organic phase 
was rinsed 2–3 times with deionized water (20 mL) until a neu-
tral pH was obtained, and then it was separated and dried 
over anhydrous sodium sulfate. The filtered organic solution 
was concentrated by rotary evaporation at 45 °C to obtain the 
extract of cembratriene (1.8672 g), which was subjected to 
silica gel (100–200 mesh) chromatography using a petroleum 
ether/ethyl acetate gradient system (6:1), with final elution 
using 100% ethyl acetate. The collected ethyl acetate frac-
tions were further purified by HPLC (50% acetonitrile:H2O; 
flow rate, 4.00 mL/min) to yield solid α- and β-CBT samples. 

Thermal Analysis 
Thermogravimetric (TG) and differential thermogravimetric 
(DTG) analysis was performed using a Diamond TG analyzer 
from PerkinElmer. A sample (~4.0 mg) was heated at a rate 
of 10 °C/min from ambient temperature to 800 °C under N2.

Py-GC–MS Method
In the pyrolysis experiments, the mass of the solid sample 
was 0.40 mg, and the atmosphere was either N2 or a mixture 
of O2 (10%) and N2 (90%). The initial pyrolysis temperature 
of 50 °C was increased to 300, 600, and 900 °C at 20 °C/ms 
over 15 s. The pyrolysis products were directly transferred to 
the GC–MS instrument for analysis.

Qualitative GC–MS analysis was conducted with an Agilent 
DB-5MX wax fused silica capillary column (30 m × 0.25 mm, 
0.25 μm). The column temperature was held at 50 °C for 2 min, 
subsequently raised to 280 °C at a rate of 5 °C/min, and then 
maintained at 280 °C for 20 min. The injector and detector 
temperatures were set at 280 °C. The sampling volume was 1 μL,  
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FIGURE 1: The molecular structure of (a) α-2,7,11-cembratriene-4, 
6-diol, and (b) β-2,7,11-cembratriene-4,6-diol.
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and the shunt ratio was 25:1. The tempera-
ture of the ion source was 230 °C, and the 
temperature of the transmission line was 
280 °C. The EI ionization energy was 70 eV, 
and the scan range was 30–550 amu. The 
spectra of the pyrolysis products were simu-
lated and matched against the PerkinElmer 
National Institute of Standards and Technol-
ogy (NIST) library and other published data.

Results and Discussion
Structural Characterization
Compound 1
The HRMS spectrum gave the molec-
ular formula C20H34O2 by HRMS 
((M+Na)+, m/z: 329.24493), suggest-
ing four degrees of unsaturation.  
Secondary and tertiary mass-spec-
trogram showed that the structure of 
α- and β-CBT lost two -OH and one 
-C3H7 was consistent. The IR spectrum 
showed absorption bands at 3351, 
2919, 1653, 1430, 1170, and 976 cm-1, 
indicating the presence of the -OH,  
the C-H, C=C, C-H, C-O, and trans-C=C. 

The 13C NMR spectrum of compound 1 
displayed 20 carbon signals, respectively, 
corresponding to a cembranoids nucleus 
δc: 137.4, 136.8, 133.3, 130.5, 127.7, 124.3, 
72.4, 66.2, 52.1, 46.3, 38.8, 36.7, 32.9, 30.0, 
27.9, 23.2, 20.6, 19.3, 16.0, and 14.9 ppm. 
Its 1H NMR spectrum exhibited 34 sig-
nals: δH 5.33–5.32 (m, H-2,3,7), δH 5.04–5.02  
(t, HO-6), δH 4.50–4.45 (m, J = 8.9, 1.9HZ, 
H-6), δH 2.16–2.13 (m, H-9, 10), δH 2.02-
1.96 (m, 4H, H-13, 14), δH 1.82 (S, HO-4), 
δH 1.67 (d, H-19), δH 1.57–1.58 (m, H-5), δH 
1.52–1.49 (m, H-1,11, 20), δH 1.34 (S, H-18), 
δH 1.28 (m, H-15), δH 0.83–0.81 (d, H-16), 
and δH 0.80-0.78 (d, H-17) ppm. These data 
indicated compound 1 was α-CBT.

Compound 2
Compound 2 had a molecular formula 
C20H34O2 that was established by the 
quasimolecular ion peak observed by 
HRMS measurement at m/z: 329.24316 
(M + Na)+, suggesting four degrees of 
unsaturation. The results of the IR spec-
trum were similar to those of compound 1.  

The 13C NMR spectrum of compound 2 
exhibited 20 carbon signals. The NMR 
data, corresponding to a cembranoids 
nucleus δc: 137.4, 136.1, 133.0, 131.4, 
130.3 , 124.4, 71.4, 64.4, 52.4, 46.2, 38.8, 
36.4, 32.9, 28.7, 27.6, 23.0, 20.5, 19.3, 
15.9, and 14.9 ppm. The above also 
confirmed its 1H NMR spectrum at δH 
5.41–5.37 (d, H-3), δH 5.27–5.18 (m, H-2, 
7), δH 5.00–4.99 (t, HO-6), δH 4.83–4.79 
(t, H-6), δH 2.22–1.83 (m, H-9, 10, 13, 
14), δH 1.70–1.64 (d, H-19), δH 1.60–1.39  
(m, H-1, 5, 11, 18, 20, OH-4), δH 
1.31–1.27 (m, H-15), and δH 0.83–0.78  
(m, H-16, 17) ppm. These data indi-
cated that compound 2 was β-CBT.

Thermogravimetric Analysis
Figure 2 shows the TG and DTG curves 
recorded for α- and β-CBT from ambi-
ent temperature to 700 °C. Two stages 
are observed in the pyrolysis process 
for α-CBT, the first stage (1.39% weight 
loss) between 57–100 °C is attributed to 
the evaporation of water of crystalliza-

http://www.microplates.com
http://www.microplates.com
mailto:hello@porvairsciences.com
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tion (25). The second stage, represent-
ing the main weight loss with a sharp 
decrease of 90.96%, occurs between 
123–329 °C. For β-CBT, the weight of 
the β-CBT sample decreases by 99.45% 
between 125–322 °C. No solid residue 
remains in the latter sample at 347 °C, 
whereas the α-CBT does not seem to 
be completely pyrolyzed at 700 °C,  
which shows that α- and β-CBT can com-
plete pyrolysis at a lower temperature.

Study of Pyrolysis  
Products of α- and β-CBT
To investigate the main products 
obtained from the CBT pyrolysis pro-
cesses, Py-GC–MS analyses were con-
ducted (Figure 3). The structures of 
the pyrolysis products were identified 
by NIST 17, and their relative con-
tents were determined by the peak 
area normalization method. To ensure 
the accuracy and repeatability of the 
experiments, we calculated the rela-
tive standard deviation (RSD) of the 
relative content of each component by 
averaging the results of three parallel 
measurements, and obtained RSD val-
ues between 0.48–5.02%. These results 

illustrate that the pyrolysis process 
had good repeatability. The results are 
shown in Tables I and II (which can be 
accessed through the QR code found 
at the end of this article).

Inspection of the data in both tables 
reveals that temperature has a sig-
nificant effect on the pyrolysis prod-
uct formation. Under N2 atmosphere 
conditions, 0, 10, and 100 substances 
were detected from α-CBT at 300, 600,  
and 900 °C, respectively, compared 
to four, 53, and 104 substances 
from β-CBT. Under 10% O2 atmo-
sphere, four, 56, and 66 compounds 
were produced from α-CBT, respec-
tively, whereas only a single com-
pound was observed at any tem-
perature from β-CBT. General ly,  
the higher the temperature, the 
greater the number of products 
observed for the epimeric diols, 
except in the case of the β-CBT in a 
10% O2 atmosphere, where the only 
pyrolysis product obtained at any 
temperature was methacrylaldehyde. 

If the pyrolysis temperatures are 
divided into three zones, low (300 °C), 
medium (600 °C), and high (900 °C), 

one trend that emerged from the data 
was that the harmful aromatic compo-
nents are mainly produced under high 
temperature conditions. A second inter-
esting observation from the data was 
that the pyrolysis behaviors of the two 
substances were different under vari-
ous conditions. For α-CBT, pyrolysis at 
high temperatures produced fewer 
oxygenated products, but oxygen 
incorporation was increased at low and 
moderate temperatures. In contrast, 
only one substance can be detected 
in 10% O2 at any of the three β-CBT 
pyrolysis temperatures, which was far 
less than the number of pyrolysis prod-
ucts obtained under pure N2. There 
were no obvious differences between 
the N2 and 10% O2 pyrolysis products 
from α-CBT at 900 °C, although the 
pyrolysate distributions from α-CBT 
at 300 and 600 °C resemble those 
from the 10% O2 pyrolysis conditions.  
However, β-CBT displays the opposite 
behavior: its pyrolysis products at 300, 
600, and 900 °C are mainly under the N2 
atmosphere, which shows that α- and 
β-CBT were easier to pyrolyze in 10% O2.

When looking category-wise at lev-
els of agreement for pyrolysis products 
for α- and β-CBT, aromatic hydrocar-
bons and enynes are the main volatiles 
detected, with alkanes, alcohols, alde-
hydes, ketones, and furans comprising 
a minor fraction (Figure 4). Among the  
pyrolysis products under various con-
ditions of α- and β-CBT, aromatic 
hydrocarbons were the main com-
ponents, accounting for 45.45% and 
50%, respectively, followed by alkynes, 
which accounted for 31.10% and 
37.08%, respectively, which is because 
of its unsaturated isoprene ring struc-
ture. Second, it can be found that the 
alcohols, aldehydes, and ketones in 
α-CBT were higher than those in β-CBT.

At 300 °C, only a few pyroly-
sis products were obtained from 
α- and β-CBT, including high boil-
ing components, butyraldehyde 
(α-CBT) and methacrylaldehyde  
(α- and β-CBT), which indicates that 
bonds were broken in both α- and β-CBT, 
but complete pyrolysis did not occur.  
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FIGURE 2: TG and DTG curves for (a) α- and (b) β-CBT.
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This result could be explained by their 
melting and boiling points. The melt-
ing point of α-CBT is 125–126 °C, and 
the melting point of β-CBT is 65–66 °C.  
Similarly, it can be seen that the boiling 
point of α-CBT is higher than that of β-CBT.  
The peak area percentage of β-CBT 
is 28.1%, whereas that of α-CBT is 0. 
At moderate and high temperatures,  
the results show that both α- and β-CBT 
are completely decomposed. 

The most striking observation to 
emerge from the data comparison 
pertains to solanone, one of the most 
important pyrolysis products, which was 
produced only during the pyrolyses of 
α-CBT at 600 (0.4%) and 900 °C (0.6%) 
in 10% O2. Two possible explanations 
for this result may apply: (1) both α-  
and β-CBT produce solanone, but in 
the case of β-CBT, this material is com-
pletely converted to other compounds,  
whereas that from α-CBT is not completely 
consumed; alternatively, (2) only α-CBT 
produces solanone. If the latter conclu-
sion is correct, it can be determined that 
α-CBT contributes most to tobacco aroma 
substances. One definite conclusion is 
that α-CBT can be converted to solanone 
only in an atmosphere of 10% O2.

Conclusions
Thermogravimetric analysis showed 
that epimeric α- and β-CBT under-
went significant weight losses of 
97.41% and 96.54% in the ranges of  
170–700 °C and 180–560 °C, respectively.  
However, during pyrolysis, α-CBT 
alone was converted to solanone in 
low yields of 0.6% and 0.4% at 600 and 
900 °C only under 10% O2, respec-
tively, whereas β-CBT produced no 
solanone at all.

Despite the low pyrolytic efficiency 
in the production of solanone, α- and 
β-CBT have great potential to be 
developed and utilized, especially 
because of their abundance. This work  
demonstrates that an approach such 
as the microbial degradation of α- and 
β-CBT might be more appropriate for 
conversion into aroma compounds 
such as solanone. Nevertheless, 
Py-GC–MS was shown to be a useful 

technique for assessing the pyrolytic 
potential of α- and β-CBT.
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THE NEXT 
GENERATION

Cracking the Code of Complex Drug Modalities 
via Multidimensional Liquid Chromatography 
Coupled to Mass Spectrometry
Multidimensional liquid chromatography, coupled to mass spectrometry (MDLC–MS) is a powerful tool for the 
characterization of complex biopharmaceutical drug modalities, from antibody–drug conjugates to nuclear 
acid therapuetics like antisense oligonucleotides and small interfering RNA. 

Alexandre Goyon

Beyond just increasing peak 
capacity, multidimensional liquid 

chromatography (MDLC) methods,  
including an integrated bottom-up 
strategy, have revolutionized the char-
acterization of complex drug modalities.

Bottom-up approaches are primar-
ily used for two purposes: to sequence 
large molecules, and to profile impu-
rities that cannot be separated or 
detected at the intact molecule level. 
Bottom-up approaches are imple-
mented in a good manufacturing prac-
tice (GMP) environment to confirm the 
sequence of therapeutic molecules. 
In practice, liquid chromatography-
ultraviolet (LC–UV) profiles generated 
after an enzymatic digestion are typi-
cally compared to those obtained for 
a reference material to confirm the 
sequence for a new lot. The character-
ization of complex drug modalities is 
often performed at different molecu-
lar levels to provide a comprehensive 
impurity profile. For example, thera-
peutic antibodies are typically charac-
terized at the intact level to quantify 
the charge and size variants, and also 
at the peptide level to quantify post-
translational modifications (PTMs). 
Reducing the molecule complexity is 
achieved by reducing the molecule 

size after enzymatic digestion to pro-
duce smaller fragments more amena-
ble to LC separation and tandem mass 
spectrometry (MS/MS) sequencing. 

However, conventional in-solution 
enzymatic digestion is time consum-
ing (>1 h), and it requires a large 
sample amount (>50 µg). In addition,  
long digestion times may cause an 
artificial degradation of the sample 
(1). MDLC setups, including an online 
sample preparation step, stream-
line the characterization of complex 
drug modality impurities. The major 
advantages of using MDLC include 
being able to use a significantly 
reduced sample amount (<10 µg) and 
digestion time (<5 min) compared 
to conventional offline approaches.  
MDLC coupled with mass spectrom-
etry (MDLC–MS) enables the high 
throughput screening of new drug 
candidates evaluated at an early stage 
and the extended characterization of 
impurity peaks separated by the refer-
ence LC methods at a later stage. 

Antibodies
A plethora of MDLC–MS methods have 
been developed since Gstöttner and 
others reported the online fractionation 
of charge variants using first dimen-

sion (1D) cation exchange (CEX) chro-
matography and further determining 
PTMs by online peptide mapping (2,3). 
The identification and quantification of 
PTMs for fractionated charge variants 
has attracted more attention, and sev-
eral groups have reported on them (1–4). 
The four-dimensional (4D)-LC–MS ana-
lytical workflow is illustrated in Figure 1. 

Similar sequence trypsin coverage 
and oxidation or deamidation levels 
have been observed when compar-
ing the online and offline approaches 
(1). An interlaboratory study demon-
strated the successful application of 
MDLC–MS from multiple sites (5). 

Non-denaturing CEX chromatog-
raphy, size-exclusion chromatogra- Ic
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phy (SEC), hydrophobic interaction 
chromatography (HIC), and protein 
A modes can be easily coupled to 
reversed-phase LC (RPLC) because of 

the high aqueous conditions, enabling 
the versatile 4D-LC–MS systems with 
the use of alternative modes to 1D 
CEX, such as SEC or Protein A (6,7). 

For example, the average drug-to-
antibody ratio (DAR) and PTMs were 
determined for the aggregates sepa-
rated from the monomeric peak of an 
interchain cysteine-linked antibody–
drug conjugates (ADC) by SEC (6).  
The results suggested that the aggre-
gation mechanism primarily involved 
antibodies with their heavy chains 
(HCs) conjugated to two or three 
linker drugs (6). MDLC–MS can also 
be implemented as an in-process 
control (IPC) method, which is dem-
onstrated by the identification and 
quantification of antibody PTMs for 
fractions collected from cell cultures (7).  
The antibody was separated from host 
cell proteins using 1D protein A chroma-
tography and the PTMs were character-
ized using a 4D-LC–MS method (7). 

Nucleic Acids
An acceleration in the approval of 
antisense oligonucleotide (ASO) and 
small interfering RNA (siRNA) thera-
peutics by regulatory agencies has 
been observed over the last five 
years (8). ASO and siRNA have molec-
ular weights typically between 5–15 
kDa. Their length is amenable to full 
sequencing by MS/MS, and N-1 or N+1 
impurities can be chromatographi-
cally resolved (8). Advances in biol-
ogy, oligonucleotide chemistry, and 
drug delivery systems have led to the 
development of larger nucleic acids, 
such as messenger RNAs (mRNA)  
and guide RNAs (gRNA). The gRNAs 
contain approximately 100 nucleo-
tides, whereas mRNA consists of 
hundreds to thousands of nucleo-
tides. The full sequencing of gRNAs 
and mRNAs by top-down MS has not 
been reported yet. Conversely, bot-
tom-up approaches involving parallel 
digestion have been developed to 
sequence large RNA molecules and 
gRNAs (9,10). 

To our knowledge, for the first time 
in 2021, the online digestion and 
separation of an RNA molecule was 
reported (11). A 2D-LC approach was 
developed to sequence gRNA mol-
ecules via 1D parallel ribonuclease 

Source: Reproduced from (2) with permission from the Royal Society of Chemistry, UK.
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(RNase) digestion and 2D hydrophilic 
interaction liquid chromatography 
(HILIC) separation prior to MS/MS 
sequencing (Figure 2).

A 10-fold reduction in the gRNA 
amount and digestion time was 
achieved by using an online approach 
instead of a offline approach. The 
sequence coverage obtained after 
RNase T1 digestion were the same (11). 
The RNase T1-HILIC 2D-LC sequenc-
ing procedure can be further coupled 
to a reference separation technique. 
For example, fractions collected from 
1D ion-pairing RPLC (IPRP) can be 
characterized at the single nucleotide 
level by RNase T1-HILIC. The three-
dimensional (3D)-LC–MS approach can 
potentially reveal impurities that can-
not be separated and detected at the 
RNA intact level. 

Conclusion and  
Future Opportunities
In this study, the utility of MDLC–MS 
has been demonstrated for real-world 
project support. The broader use of 
MDLC–MS technology could be accel-
erated by developing user-friendly 
software interfaces to facilitate the 
implementation of MDLC workflows, 
additional immobilized enzyme car-
tridge for antibodies and oligonucle-
otides, and ready-to-use reactors for 

denaturing drug delivery systems or 
chemically reducing protein species.

Drug delivery systems, such as lipid 
nanoparticles, have contributed to 
the success of the mRNA vaccines 
developed for the 2019 coronavirus 
disease (Covid-19). These complex 
and large systems have to be charac-
terized at the particle and molecular 
levels. For example, the nanopar-
ticle size and free drug concentra-
tion are determined at the particle 
level, whereas the encapsulated drug 
and lipids forming the layer are com-
monly characterized at the molecu-
lar level after denaturing the lipid 
nanoparticle (LNP) via a surfactant.  
Therefore, MDLC–MS setups pres-
ent a formidable opportunity to unify 
the characterization of drug delivery 
systems at the molecular and particle 
levels, which would enable their high 
throughput analysis. 
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Do you struggle with sample preparation? You are not 
alone! Sample preparation is often labeled as the no. 1 pain 
for scientists around the world. Scientists often try to reduce 
this pain by settling for a sample preparation method or 
product that is less than ideal, causing even more pain 
further down the road. But imagine if you could eliminate or 
avoid some of that pain by simply choosing the right sample 
preparation product? In this paper, we will help dissolve 
the myth that sample-preparation pain is unavoidable in 
your laboratory workflow by equipping you with proper 
selection recommendations and tips and tricks based on 
what matters to you most. It is time to look at your sample 
preparation with a renewed outlook.

LCGC: Where does someone even start with sample preparation?
JUCK: With most gas and liquid chromatography (GC/LC), there are trade-offs. For example, if you 
run a chromatogram faster, it is likely your peak separation will lessen. The same is true with most 
sample preparation techniques: There are trade-offs, so it’s important to be clear on your goals. 
When evaluating a solid-phase extraction (SPE) product, for example, some customers consider 
only percent recovery as a successful method, but cleanliness, i.e., signal-to-noise, especially for 
trace-level compounds and reproducibility, can be important considerations.

You also have to consider the long-term impact of column or system contamination from your samples 
and the cost, longer turn-around times, troubleshooting due to irreproducibility, or revenue loss 
due to instrument downtime. Having a cleaner sample means longer run times between scheduled 
maintenance. For a contract lab, this means more billable uptime. For example, when I first started 
in the lab, I was working with a sample matrix that was dirty, and I was also dealing with a target 
analyte that was similar to some of the interferences I was trying to remove, so I needed a product that 
afforded me extra specificity and cleanliness, so I picked SPE.

LCGC: SPE has a reputation for being more challenging and time-consuming. Do you find 
this to be true?
JUCK: Surprisingly, SPE is a lot simpler than scientists think. There is an industry trend to shy away 
from this technique but doing so directly impacts customer workflows. In my current role as a product 
manager and my previous role as an applications chemist at Agilent, I see customers accept problems 
within their workflows that ultimately slow them down and could easily be prevented. There is an old 
saying, garbage in equals garbage out; this could be the motto of sample preparation. While SPE 

Things to Consider When Choosing the Right  
Solid Phase Extraction Product for Your Analysis

Megan Juck
Product Manager 
Sample Preparation Products 
Agilent Technologies

sometimes takes a little more effort up front, the long-term benefits to your 
instruments, productivity, time, and savings are significant. 

LCGC: There is a large number of SPE products available on the 
market. What advice can you offer on choosing the right product?
JUCK: First, think about your goals. Earlier I mentioned how cleanliness 
was important for my method, and maybe it’s important for you. SPE 
products such as the Agilent Bond Elut Plexa family contain a unique 
polymeric backbone to help reduce proteins in the final eluate, resulting in 
cleaner extracts and less ion suppression. This means that you spend less 
frustration, time, and money on troubleshooting your system and data 
processing. Agilent Bond Elut Plexa is also stable over a wide pH range, 
making it a perfect choice for more universal method development or when 
working with a wide range of analyte polarities. Polymeric sorbents are also 
more resistant to drying out after conditioning, which leads to less error and 
improved method reproducibility. So, if some of those benefits resonate with 
you, consider choosing a polymeric SPE product such as Bond Elut Plexa. If 
you are looking for something that offers greater specificity, which can lead 
to improved recovery and cleanliness, Agilent provides a full range of Bond 
Elut silica phases including application-specific phases like one of our newest 
additions, Bond Elut Lipid Extraction, created to meet the needs of developing 
fields of research such as lipidomics. 

Second, let’s talk about your success. Data quality (recoveries, 
reproducibility, cleanliness) is often a top priority and is critical to your 
analytical and business success. It might sound obvious, but quality data 
comes from quality products. At Agilent, we’ve been in the SPE business 
for over 40 years. We integrate this legacy of knowledge and expertise 
into everything we do to ensure precise and reliable production. Also, 
what about delivery? If your product is delayed or has long lead times, 
how does that affect your work? Losing time while you are waiting on a 
product costs you money. Even in these critical times, where supply chain 
challenges seem to affect almost every aspect of our lives, Agilent’s delivery 
capabilities are unmatched. We work through every challenge to ensure 
that you have the quality product you need when you need it.   

LCGC: What else is important when considering SPE?
JUCK: You need to assess your matrix and analytes, in conjunction with 
your goals, to determine the best retention mechanism necessary for 
your product. Once you have determined the right SPE mode, such as 
reversed-phase, normal-phase, or ion-exchange, select a phase based on 
your specific combination of analytes and matrix. You also need to select 
an appropriate format. Is automation or a high-throughput workflow 
important to you? If so, you may consider a 96-well plate format. Not only 
do Agilent SPE products come in 96-well plate formats, but they are also 
available in many cartridge formats that accommodate a wide range of 
sample sizes, from microliters to liters. These include straight-barrel, large-
reservoir capacity (LRC) if you need a little extra room for your sample, 
and Bond Elut Junior (Jr) for flexibility. Besides, you gain complete access 

to selection guides, a knowledgeable and experienced global support 
team, and a library of application notes, compendiums, training videos, 
and more to help you with product selection and method development. I 
find that the easiest thing to do is start with an existing or generic method 
and then optimize from there. With Agilent’s comprehensive collection of 
resources, including one-on-one support from our technical team, you can 
always feel confident that we have a method for you.   

LCGC: What if SPE isn’t the right sample preparation option for me?
JUCK: That’s OK! SPE isn’t the best choice for every analysis. Understanding 
the diversity needed to cater to different application needs, Agilent's 
sample prep portfolio supports the right solutions for your chosen 
applications. Whether it’s making routine tasks faster, easier, and more 
robust with Bond Elut QuEChERS products for extraction from food or 
achieving effective matrix removal with our award-winning Bond Elut 
EMR-Lipid and Captiva EMR-Lipid products, we’ve got you covered. You 
can choose from a comprehensive portfolio of filtration products, from 
syringe filters to our latest Captiva filter vials. Our sample preparation 
catalog offers not only part number information but additional tips and 
tricks to help you be successful. We have introduced online selection tools 
to help you find the right part number for your application. Just answer a 
few simple questions and receive an instant recommendation that you can 
add directly to your cart. And again, if you need more help, our technical 
support team is just a call or click away.

LCGC: Can Agilent help with other parts of my workflow?
JUCK: Yes, of course. As a major supplier of GC and high-performance 
liquid chromatography (HPLC) instrumentation, detectors such as mass 
spectrometers, and column and instrument supplies, nobody knows how 
to help you achieve success with a seamless workflow—from sample 
preparation to analytical report—better than Agilent.

http://www.chromatographyonline.com
http://www.agilent.com
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I was fortunate to be raised in an envi-
ronment where I was never told that 

I couldn’t do or study something just 
because I was a girl. I have, however, 
dealt with gender bias many times in 
my career, and know that it is some-
thing that I will continue to face in 
the future to some extent. From each 
experience, I try to learn and grow.

As a graduate student, I told myself 
I had to work extra hard to get my 
work published, be noticed, and make 
connections with prominent scientists. 

As a postdoctoral scientist, I strug-
gled with taking ownership of my sci-
ence, often being perceived as an 
assistant to male scientists with whom 
I worked closely.

As a faculty member, I have made 
it my mission to share my passion for 
chemical separations with my stu-
dents, and get them to dream big.  
I am a “cheerleader” for separation 
science, hoping to convince students 
how exciting this field can be. 

While the programs I teach are 
heavily dominated by female stu-
dents, I am very cognizant that many 
of my students don’t believe they 
could go to graduate school, or do 
other things well within their reach.  
They tell me they aren’t sure they can 
do it, and it breaks my heart every 
time. We host large events to expose 
them to women scientists, and I try 
to connect with every student in 
the classroom about what makes 
them excited. I meet one-on-one 
with students as much as possible,  
and remind them of their potential.  
I teach a class dedicated to the tran-
sition to life after college, and share 

my stories and emotions. Most of all, 
I believe fiercely in them until they are 
able to do so themselves.

In 2019, I was awarded the Ameri-
can Chemical Society’s Satinder Ahuja 
Award for Young Investigators in Sep-
aration Science. This award is given 
annually by the Subdivision for Chro-
matography and Separations Chem-
istry (SCSC), the subdivision respon-
sible for this blog article (and where I 
now serve as an Executive Committee 
member). I was shocked and thrilled 
about the award and quickly went to 
the website to view the list of past 
winners. To my surprise, I was the first 
woman to receive this award since its 
inception in 2004. I am proud to be 
joined by another female on the list, 
Dr. Robbyn K. Anand, in 2020, and to 
know that this landscape is changing. 
The list will one day be populated by 
many women who become our future 
separation science leaders. 

Come to think of it, I’m not aware 
of any awards in my field of work that 
are named after a female scientist.  
It is not because they have not made 
meaningful and celebrated advances 
in the field of separations chemis-
try. Perhaps this comes from histori-
cal, political, or geographical factors.  
I hope this landscape will also change 
some day.

I am fortunate to be connected 
with a network of powerhouse scien-
tists (who also just happen to share 
the same sex as me). I have benefited 
from interactions with this amazing 
network in my career and do not take 
it for granted, because I know many 
women before me did not have such 

a privilege. I have always had col-
leagues to turn to when I had ques-
tions uniquely suited to women scien-
tists. Today, I recognize these women 
for their valuable contributions to the 
field of separation science.

Maybe one day we will all be cel-
ebrating together the inaugural 
awardee for an “Erika Cremer Prize in 
Gas Chromatography.” Maybe blogs 
and events and discussions like this will 
help us to achieve some of our dreams 
for the future of separation science 
with a diverse and inclusive workforce. 
One thing is for sure: Women have 
always been, and will continue to be, 
a major driving force behind advance-
ment in the field of separation science.

We are fortunate that the activi-
ties of the SCSC have helped to 
unite many women who are doing 
work in the field of separations, and 
to grow our networks. We are all 
extremely willing to network with oth-
ers who may feel the benefit of this 
type of professional community, and 
hope you will join us at some of our  
future events.
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