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SIMPLE: PERKINELMER.

Whether you’re performing environmental, food, or industrial testing, your lab needs 

to analyze more and increasingly complex samples under tighter regulatory standards. 

Because our new QSight™ triple-quad LC/MS/MS needs no routine cleaning and 

maintenance, you get up to 15% more uptime (that’s up to 35 more days per year) 

to take on your increased testing workload. Plus, our patented technology delivers 

exceptional sensitivity and reliability along with all that productivity. 

QSight: A triple quad that simply knows the value of time.

Learn more at www.perkinelmer.com/QSight
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Innovative Chromatography Columns

for every application.

imtaktusa.com (215) 665-8902info@imtaktusa.com

We are pleased to announce our newest column, Dacapo DX-C18. This column 

features the latest in particle technology from Imtakt, called Dual Matrix. This 

technology takes polymeric surface treatment to a whole new level. Starting 

with a silica-based particle, we grafted a surface polymeric layer to protect the 

silica from high pH attack and to improve peak shape for basic compounds. 

Then we went crazy and added several more layers on top of that, for even more 

protection. If you are looking for a high pH C18 column, Dacapo DX-C18 with 

Dual Matrix technology will certainly be a column you will be interested in.

Dual-Matrix Structure

Porous Silica Matrix

Organic-Polymer Matrix

Silica - Polymer
Dual-Matrix Porous Particle

Peptides (Alkali pH)
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[M - 4H ]4-  m/z 1081.4

Amyloid beta-peptide
(Human, 1-40)

DACAPO DX-C18, 50 x 2 mm
A: 25mM NH4OH
B: acetonitrile
0-100 %B (0-5min)
0.2 mL/min (5MPa), 37 °C
1 μL (10 μg/mL)
Single Quad. MS (ESI, Negative)

[M - 4H]4- m/z 1432.0
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(Bovine pancreas)

Basic compounds (Low pH)
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Hybrid ODS
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Core-Shell ODS
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10 MPa
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50 x 4.6 mm
A: water / formic acid = 100 / 0.1
B: acetonitrile / formic acid = 100 / 0.1
10-60 %B (0-5min)
1 mL/min, 37 °C, 260 nm
1 μL (0.1mg/mL, 0.5% HCOOH)
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DACAPO DX-C18, 50 x 2 mm
A: 10mM NH4OH
B: acetonitrile
30-100 %B (0-2.5min)
100 %B (2.5-3.0mn)
0.2 mL/min, 37 °C
1 μL (5 μg/mL, 50%ACN)
Single Quad. MS (ESI, Positive)

10mM NH4OH
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Shimadzu Scientific Instruments Inc., 7102 Riverwood Dr., Columbia, MD 21046, USA

Maximize return on investment with Shimadzu triple quad systems.

Time for a new LC-MS/MS?

Make a smart investment with Shimadzu.

Shimadzu offers the ultimate combination of speed, 

sensitivity, and uptime to maximize your productivity 

while minimizing costs.

Consolidate your old instruments and save time and 

money with Shimadzu.

Q Ultra-fast LC-MS/MS allows comprehensive panels 
significantly faster than competitors

Q Superior sensitivity reduces the amount of internal 
standards used

Q Consolidating old instruments onto a faster platform 
reduces service contract costs

Learn more about Shimadzu’s LC-MS/MS.
Call (800) 477-1227 or visit us online at
www.ssi.shimadzu.com/LCMSMS
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YMC now offers all of YMC-Triart’s advantages in 
columns that combine the strength of stainless steel with the 
inert behavior of PEEK-lined column tubes and PEEK-frits.

YMC-Triart is based on a hybrid-silica stationary phase support, 
well known for its chemical stability, as well as its physical and 
thermal durability.

Phone: +1.610.266.8650
Email: info@ymcamerica.com
Web: www.ymcamerica.com
Store: store.ymcamerica.com

 Six distinct selectivities.
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 Columns for: UHPLC – HPLC.
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Hybrid Particle Performance – PEEK-Lined Columns

Benefi ts

0 YMC-Triart’s reproducibility

0 Excellent peak shape

0  Choice of 6 different phases = 6 different 
selectivities

0  Ideal for HPLC and UHPLC – including LC/MS 
of metal coordination compounds and other 
diffi cult-to-chromatograph species.
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PEAKS of Interest

Shuang Yang Receives CACA 2017 Young 

Investigator Award

Shuang (Jake) Yang was presented with the Chinese Ameri-

can Chromatography Association (CACA) 2017 Young Inves-

tigator Award on Tuesday, March 7, at 

a networking dinner event in Chicago, 

Illinois. The event was part of the 2017 

Pittcon conference which took place 

March 6–9. The CACA Young Investigator 

Award recognizes outstanding contribu-

tions to the development of separation 

science and its applications, especially in 

the field of chromatography.

Yang received his BS degree from the 

Department of Applied Chemistry at 

Harbin Institute of Technology in China 

in 1994. He earned his MS degree from 

the Department of Materials Science and 

Engineering at Shanghai Jiaotong Uni-

versity in China, in 1997. With the grant 

of a full scholarship from the National 

University of Singapore, in 2003 Yang 

received a second MS degree from the 

Department of Materials at that university. In 2008, working 

under the supervision of Prof. Don DeVoe, Yang received his 

PhD from the University of Maryland at College Park (UMCP). 

His postdoctoral training took place under DeVoe at UMCP 

(2008–2010) and Prof. Hui Zhang at Johns Hopkins University 

in Baltimore, Maryland (2010–2013). Following his postdoc-

toral research, Yang joined the faculty at Johns Hopkins as a 

research associate in the Department of Pathology.

Yang is currently a staff fellow in the Laboratory of Bacte-

rial Polysaccharides, in the Center for Biological Evaluation 

and Research at the U.S. Food and Drug Administration in 

Silver Spring, Maryland.

Yang’s major contributions to separation science include 

the development of a microfluidic platform for the analysis 

of peptides or proteins using capillary electrophoresis (CE) 

and liquid chromatography (LC); the integration of isoelectric 

focusing (IEF) with sodium dodecyl sulfate polyacrylamide 

gel electrophoresis (SDS-PAGE) for high-throughput analysis 

of intact proteins; the development of a chemoenzymatic 

platform for the quantitate analysis of glycans, glycosite, 

occupancy, intact glycopeptide; the development of an inno-

vative 2D approach for online separation of glycans by mass 

spectrometry (MS); and the design and synthesis of isobaric 

tags for glycan quantification by LC–MS.

Yang has published 41 peer-reviewed papers in journals and 

has given more than 20 oral presentations at international 

conferences. He has been a reviewer for many journals, 

including Analytical Chemistry, Lab on a Chip, and Electro-

phoresis. Additionally, Yang has four U.S. patents, has con-

tributed to three chapter books, and has obtained several 

awards in separation and analytical chemistry. ◾

Shuang (Jake) 
Yang receiv-
ing the Chinese 
American 
Chromatography 
Association’s 
2017 Young In-
vestigator Award 
from Dr. Perry 
Wang of the US 
FDA, the award 
committee chair.

CURRENT TRENDS IN 

MASS SPECTROMETRY

Founded in 2003, Current 

Trends in Mass Spectrometry, a 

quarterly supplement to LCGC, 

examines developments in 

mass spectrometry and MS-hy-

phenated methods and their ap-

plication to analytical problems 

in many fi elds. Included in this  

recent issue are articles that 

discuss the following topics:

t� A new peptide mapping 

method developed specifi cally for mAb characterization 

that employs optimal enzyme pH for robustness, but with 

short digestion times and time-course elements to mini-

mize and monitor deamidation–isomerization, respectively

t� A method for advanced antibody–drug conjugate structur-

al characterization using sheathless capillary electropho-

resis–tandem mass spectrometry using complementary 

approaches

t� A review of the use of mass spectrometry in the clinical 

laboratory. The use of MS can lead to accurate, selec-

tive, and precise quantitative methods by detecting new 

classes of compounds with greater effi ciency and sensi-

tivity than is possible with older, established technologies.

Find this issue online at www.chromatography-

online.com/special-issues-03-01-2017-0

SPECIAL ISSUE HIGHLIGHTS

An LC–MS Peptide 
Mapping Method for 

mAb Characterization 

Sheathless CE–MS/
MS Analysis of 
Antibody–Drug 

Conjugates 

Mass Spectrometry 
in Clinical and 

Metabolic Research 

March 2017

S U P P L E M E N T  T O 

LCGC North America  |  LCGC Europe  |  Spectroscopy

REED HARRIS ASKS: HOW CERTAIN ARE YOU 

THAT YOU HAVE DONE YOUR ASSESSMENT 

OF CRITICAL QUALITY ATTRIBUTES WELL? 

Reed Harris from Genentech discusses how the 

uncertainty scale helps to determine the most 

important factors when assessing critical quality attributes.

Other recent LCGC TV interviews include:

t� Paola Dugo from the University of Messina talks about her 

work using the same stationary phase in both dimensions 

of a comprehensive 2D LC separation, and how using 

different gradients in the two dimensions can add to the 

separation power. 

t� Susan Olesik from The Ohio State University talks about her 

work developing enhanced fl uidity liquid chromatography 

and its advantages over conventional LC.

Visit www.chromatographyonline.com/lcgctv 

to see these videos and more.
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COLUMN WATCH

Our annual review of new 

liquid chromatography (LC) 

columns and accessories 

introduced at Pittcon and 

throughout the previous 

year.

New Chromatography 

Columns and Accessories for 

2017

I
n accordance with recent tradi-

tion, this article is intended to 

cover chromatography columns 

and accessories commercially released 

after Pittcon 2016 through this year’s 

conference held in Chicago March 

5–9, 2017. LCGC once again sent out 

a survey in early 2017 asking vendors 

to supply them with any products 

launched after Pittcon 2016. Instru-

mentation is covered in this issue of 

LCGC (1), and gas chromatography 

and sample preparation will be cov-

ered in the May issue. Because infor-

mation for this installment of “Col-

umn Watch” is obtained sporadically 

over the course of many months, it is 

very possible that some information 

has been missed. Readers are encour-

aged to check with specific vendor 

sites for additional products as well 

as more detailed information regard-

ing what is covered here.

The vendors that responded to the 

survey with high performance liquid 

chromatography (HPLC) and ultra-

high-pressure liquid chromatography 

(UHPLC) columns and accessories 

are listed in Table I. The list contains 

very well-known vendors such as 

Waters and Agilent Technologies, but 

also several lesser-known vendors. 

The product range is also highly 

varied from traditional reversed-

phase columns using fully porous 

materials to specialty columns. As 

in years past, with such a varied list, 

further discussion requires some 

breakdown of the different offerings. 

Similar to 2016, one differentia-

tion can be made based on offerings 

that target small or large molecules. 

Within the small-molecule realm 

three subcategories could be estab-

lished: reversed-phase, hydrophilic 

interaction liquid chromatography 

(HILIC), and chiral offerings. Each 

of these will be discussed separately. 

For large-molecule products, subareas 

involving reversed-phase mode and 

size-exclusion chromatography are 

identified and discussed. Columns 

commercialized using ion-exchange 

chromatography for both small and 

large molecules will be discussed 

separately. Furthermore, there were 

products launched for supercritical 

f luid chromatography (SFC) that 

deserve some discussion. An interest-

ing and potentially game-changing 

microchip chromatography device 

based on pillar array technology is 

also featured. Lastly, several accesso-

ries relating to HPLC are noted.

Small-Molecule Separations

Reversed-Phase Chromatography

The product offerings assigned to the 

small-molecule, reversed-phase cat-

egory are listed in Table II. A total of 

22 new surface chemistries are noted 

from the list. Continuing recent 

trends, many of the new columns 

are intended to round out selectiv-

ity or particle size offerings within 

existing lines. Of the 22 columns 

listed, nine are manufactured using 

superficially porous particles (SPP), 

indicating that the particle architec-

ture continues to garner attention. 

Enhancements of fully porous par-

ticles (FPP) are also noteworthy. For 

example, Phenomenex’s Luna Omega 

phase reportedly includes a thermal 

modification that provides improved 

performance, inertness, and robust-

ness as compared to conventional 

FPP products. Another theme con-

sistent with 2016 is the continuing 

effort to increase column stability 
David S. Bell is the 

editor of Column Watch.
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for wider pH range utility. Agilent Technologies (HPH-

C18), ChromaNik Technologies (SunShell C18), and 

Imtakt Corporation (DZ-C18) all launched phases with 

enhanced pH stability. Separation Methods Technologies 

commercialized an interesting set of short-chain reversed-

phase chemistries (C1, C2, and C4). The company con-

tends that their proprietary bonding strategy provides 

“proper deactivation” of silanols as well as resistance to 

acid hydrolysis that plagues many short-chain surface 

chemistries. Another interesting trend from this year’s 

offerings is the presence of several “polar C18” chemis-

tries. Phenomenex launched a polar C18 stationary phase 

in both the Kinetex and Luna Omega lines and Waters 

added its T3 chemistry to the Cortecs brand. In each case 

the surface modification is noted to impart a balanced 

retention for hydrophilic and hydrophobic molecules. 

Phenomenex also came out with a chemistry denoted as 

PS C18 which is reported to include a positively charged 

modification to the surface that aids in the retention of 

acidic analytes. More complete, full line offerings were 

launched by Agilent (InfinityLab Poroshell) and Restek 

(Force Performance).

Hydrophilic Interaction Chromatography

HILIC, which is often employed for the retention and 

separation of very polar compounds, continues to show 

growth. Table III lists product offerings in the HILIC 

Table I: 2017 LCGC new product survey responding vendors

Company  Product 

Advanced Chromatography 
Technologies Limited

ACE Amino columns

Advanced Materials  
Technology, Inc.

HALO 1000Å C4, 2.7-μm 
columns

Agilent Technologies

InfinityLab Poroshell 120 1.9-
μm columns

Six different chemistries:
InfinityLab Poroshell 120 EC-
C18 1.9-μm columns 

InfinityLab Poroshell 120 EC-C8 
1.9-μm columns 

InfinityLab Poroshell 120 Phenyl-
Hexyl 1.9-μm columns 

InfinityLab Poroshell 120 PFP 
1.9-μm columns 

InfinityLab Poroshell 120 HPH-
C18 1.9-μm columns 

InfinityLab Poroshell 120 HILIC 
1.9-μm columns

Analytical Sales & Services, Inc.
MonoSLEEVE single-column 
heater controller

Chiral Technologies

CHIRALPAK IA-U columns

CHIRALPAK IC-U columns

CHIRALPAK IG columns

Chromanik Inc. Japan SunShell C18, 2-μm columns

ES Industries

ChromegaChiral CCU columns

ChromegaChiral CCX columns

Epic SCX columns

MacroSep Bio Gold C18, C8, C4, 
PFP, napthyl, biphenyl, diphe-
nyl, and HPR columns

Fortis Technologies

SpeedCore BIO C18 Peptide 
columns

SpeedCore BIO Protein C18, 
C8, and C4 columns

Hilicon iHILIC-Fusion(P) column

Imtakt Corporation Dacapo DX-C18 column

Jordi Labs LLC Jordi Resolve GPC columns

Macherey-Nagel

Nucleodur C18 Gravity-SB 
columns

Nucleodur π2 columns

Microsolv Technology  
Corporation

Cogent Amide HPLC column

Mott Corporation
PerfectPeak HPLC–UHPLC 
mixers

Optimize TechnologiesEXP 
Trap columns

EXP Trap columns

PharmaFluidics μPAC chip separation device

Phenomenex 

Clarity Oligo-SAX columns

Clarity Oligo-XT C18 columns

Kinetex Polar C18 columns

Luna Omega C18 columns

Luna Omega Polar C18 col-
umns

Luna Omega PS C18 columns

Lux AMP columns

Lux i-Cellulose-5 columns

Yarra 1.8u SEC-X300 columns

HPLC Columns for  
Organic Acid Analysis

Over 25 years of experience  
providing high quality polymeric 

HPLC columns for the analysis 
of samples containing 

carbohydrates and  
organic acids.

bensonpolymeric.com
775.356.5755

Benson
polymericTM
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category. The seven new entries in this category match 

the number of new columns reported in 2016. It is inter-

esting to note that three of the seven entries are built on 

polymeric phases. HILICON introduced a polymeric ver-

sion in its iHILIC-Fusion line. Shodex commercialized 

two polymerically based HILIC phases. The VN-50 2D 

diol phase is designed for oligosaccharide analysis, and 

the VC-50 2D carboxyl chemistry is reportedly applicable 

to monoamine type neurotransmitters and oral anti-

diabetic drugs. The company also notes that the PEEK 

Table II: Reversed-phase columns for small-molecule separations

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

Agilent Technologies InfinityLab Poroshell 120
EC-C18, EC-C8, phenyl-hexyl, 

PFP, HPH-C18
1.9 SPP

ChromaNik  
Technologies Inc

SunShell C18 2 SPP

Imtakt Corporation Dacapo DX-C18 2.5 FPP 

Macherey-Nagel GmbH 
& Co.

Nucleodur C18 Gravity-SB 1.8, 3, and 5 FPP

Macherey-Nagel GmbH 
& Co.

Nucleodur π2 5 FPP

Phenomenex

Kinetex Polar C18 2.6 SPP

Luna Omega PS C18, polar C18 1.6, 3, and 5 FPP 

Luna Omega C18 1.6 FPP

Restek Corporation Force Performance LC Columns C18, biphenyl, and fluorophenyl 1.8, 3, and 5 FPP

Separation Methods 
Technologies

SMT PAH1 Proprietary 1.7, 3, 5, and 10 FPP

Separation Methods 
Technologies

SMT-MEB C1, C2, and C4 1.7, 3, 5, and 10 FPP

Waters CORTECS Shield RP18, T3 1.6, 2.7 SPP

Company  Product 

PolyLC Inc.

PolyHeptyl A columns

PolyHexyl A columns

PolyPentyl A columns

Prolab Instruments GmbH
ZircoFit UHPLC fitting system 
for fused-silica capillaries

Restek

Force Performance Biphenyl 
columns

Force Performance C18 columns

Force Performance Fluorophe-
nyl columns

Separation Methods  
Technologies

SMT CIB-TE - Specialty Teico-
planin columns

SMT MEB C1, C2 and C4 columns

SMT PAH1 columns

Company  Product 

Shodex

HK-404L columns

LW-803 columns

VC-50 2D columns

VN-50 2D columns

Thermo Fisher Scientific
IonPac AS23 columns

IonPac CS20 columns

Vici
VICI Jour JR-BPR3 back- 
pressure regulator

Waters

CORTECS Shield RP18 columns

CORTECS T3 columns

Torus SFC columns

Welch Materials Inc. Ghost-Buster column

YMC Co. Ltd. YMC-Pack Diol SEC columns

Table I (continued): 2017 LCGC new product survey responding vendors
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housing reduces undesired interac-

tions with the column hardware. 

MicroSolv Technology continues 

to fill out its line of silica hydride 

based phases with a new amide 

chemistry. Fully porous– and super-

ficially porous–based HILIC phases 

continue to be promoted. Advanced 

Chromatography Technologies added 

an amino chemistry to its FPP ACE 

offering, and both Agilent Technolo-

gies (bare silica) and ChromaNik 

Technologies (amide) added to their 

respective SPP lines.

Chiral Chromatography

Eight new chiral phases were intro-

duced after Pittcon 2016. This num-

ber is a significant increase over the 

same time period from Pittcon 2015 

through the “New Chromatography 

Columns and Accessories for 2016” 

column installment where only three 

entries were noted (2). Cellulose- and 

amylose-based chiral phases domi-

nate the list provided in Table IV. 

Chiral Technologies extended its line 

of meta-immobilized 5-μm phases 

through the introduction of Chi-

ralpak IG. The company also intro-

duced amylosic and cellulosic phases 

on 2-μm FPP particles designed for 

UHPLC. ES Industries continued to 

fill out its ChromegaChiral line with 

two new chemical modifications of 

amylose that provide what the com-

pany refers to as unique enantiomeric 

separation behavior. Phenomenex 

introduced an immobilized cellu-

losic phase, Lux i-Cellulose-5, which 

is designed to be more robust for 

strong organic solvents than coated 

polysaccharide phases. The com-

pany also launched the Lux-AMP 

phase. The proprietary chemistry is 

specifically designed for the enan-

tiomeric separation of amphetamine 

and methamphetamine. Separation 

Methods Technologies reported the 

development of a teicoplanin-based 

chiral stationary phase. The com-

pany reports that the column is use-

ful for performing a wide variety of 

chiral separations with amino acids, 

carboxylic acids and neutral com-

pounds. Like 2016, it is clear from 

these new product introductions 

that amylose and cellulose phases 

based on FPP particles continue to 

dominate the field. New this year is 

the introduction of sub-2-μm chiral 

columns (Chiral Technologies); how-

ever, SPP technologies have still not 

entered this realm.

Large-Molecule Separations

The separation of large molecules 

such as peptides, proteins, and oligo-

nucleotides often requires larger pore 

Dimensions (mm) Comments

50 × 2.1 to 150 × 3.0

Robust superficially porous 1.9-μm particles and optimized column loading give manageable pressure, 
which allow columns to be run at optimum linear velocities or the use of longer columns without exceed-
ing column or instrument pressure rating. This feature leads to faster run times or improved resolution. 
Benefits are decreased costs from higher throughput or improved data quality and decreased costs from 
reduced re-work. This particle and loading technology also provides long column lifetimes under UHPLC 
conditions. Benefits are decreased costs because of fewer column purchases, reduced workflow disruption, 
and less re-work. For the HPH-C18 phase,  an organic compound is integrated into the porous layer during 
particle manufacture to give stability at extremes of pH.

50 × 2.1 to 150 × 2.1
Stable over a pH range from 1 to 10. More than 300,000 plates per meter. Symmetrical peak shape for basic, 
acidic and metal chelating compounds.

Not specified Hybrid silica and polymeric particle dual-matrix technology provides high pH stability

30 × 2 to 250 × 4.6 Hydrophobic C18 phase with distinct polar selectivity for improved resolution of early eluted compounds.

50 × 2 to 250 × 4.6
Hydrophobic phase with alternative selectivity compared to classical C18 modifications. The biphenylpropyl 
ligand provides π-π and hydrophobic interactions.

Common analytical 
lengths for 2.1, 3.0, and 

4.6 mm i.d.
Balanced retention of polar and nonpolar compounds under reversed-phase or 100% aqueous conditions.

1 mm to 2.1 mm i.d. (1.6 
μm) , 2.1 mm to 4.6 mm 

i.d. (3 and 5 μm) common 
analytical lengths.  Pre-
parative dimensions also 

available

Polar C18: Balanced retention of nonpolar compounds alongside enhanced retention of polar compounds under 
reversed phase or 100% aqueous conditions. PS C18: Positively charged ligands on surface aid in the retention of 
acidic compounds through ionic interactions, while the C18 ligand promotes general reversed-phase retention.

1 mm to 2.1 mm i.d. com-
mon analytical lengths

Thermally modified fully porous particles provide greater performance, inertness, robustness, and performance 
compared to conventional fully porous products.

30 × 2.1 to 100 × 3.0 (1.8 
μm), 30 × 2.1 to 150 × 4.6 

(3 μm), and 50 × 2.1 to 
250 × 4.6 (5 μm)

Fully scalable from 1.8 μm to 3 and 5 μm for easy method transfer. Long-lasting and reproducible even under the 
stress of elevated UHPLC pressures and rapid cycling.

50 × 2.1 to 300 × 50 For the separation of structurally similar isomers of polyaromatic hydrocarbons (PAHs)

50 × 2.1 to 300 × 50
Columns with short carbon chains for rapid analysis of basic, neutral, and mildly acidic drugs and small molecules 
and biomolecules. These columns provide excellent baseline resolution for small basic molecules, including thera-
peutic drugs. The bonding scheme ensures proper deactivation substrate silanols and resistance to acid hydrolysis.

30 ×2.1 to 150 × 3.0 (1.6 
μm) and 30 × 2.1 to 150 

× 4.6 (2.7 μm)

Shield RP18: The embedded polar group helps to “shield” residual surface silanols, reducing peak tailing for basic 
analytes and providing alternative selectivity for polyphenolic compounds such as flavanoids. T3: 100% aqueous 
compatible reversed-phase column designed to give balanced retention to both polar and nonpolar compounds
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sizes than are typically used in small 

molecule applications. Full charac-

terization of these complex molecules 

often requires multiple modes of 

separation, including reversed-phase 

chromatography, size-exclusion chro-

matography (SEC), ion-exchange 

chromatography, and hydrophobic 

interaction chromatography (HIC). 

Reversed-Phase Chromatography

In last year’s report, columns intended 

for reversed-phase analysis of large 

molecules was dominated by chemi-

cal modification of SPP particles. 

That trend continues this year. How-

ever, a new line of columns from ES 

Industries (MacroSep BIO-Gold) 

demonstrates that new lines based on 

fully porous particles are still being 

developed. New columns intended 

for reversed-phase chromatography of 

biomolecules are presented in Table 

V. Also included in the table is a new 

set of offerings from PolyLC, Inc. for 

HIC. 

Advanced Materials Technologies 

introduced a 1000-Å C4 column 

intended for very large molecules such 

as monoclonal antibodies (mAbs). 

The larger pore size as compared 

to many “large-molecule” columns 

(typically 160–400 Å) provides less 

restriction into the pores and thus 

can provide higher resolution of 

minor variants of mAbs. The column 

is based on SPP technology. Fortis 

Technologies reports the expansion of 

its SPP portfolio with SpeedCore BIO 

Peptide (160 Å) and SpeedCore BIO 

Protein (300 Å) columns. Also based 

on wider pore SPP technology, these 

offerings are intended for improved 

separations of peptides and proteins, 

respectively. Oligonucleotides also fall 

into this category of large molecules 

and offer their own set of chromato-

graphic challenges. Phenomenex 

recently launched Clarity Oligo-XT, 

an organo-silica SPP phase intended 

for the reversed-phase characterization 

Table IV: Chiral columns for small-molecule separations

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

Chiral Technologies, Inc.  
(Daicel Corporation)

Chiralpak IG
Amylose tris(3-chloro-5-methyl-

phenylcarbamate)
5 FPP

Chiralpak IA-U and Chiral-
pak IC-U

Amylose tris(3-chloro-5-methyl-
phenylcarbamate) and Cellulose 
tris(3-chloro-5-methylphenylcar-

bamate)

<2 FPP

ES Industries

ChromegaChiral CCU
Methylbenzylcarbamate and 

3-chloro-4-methylphenylcarba-
mate–amylose

3, 5, 10, and 20 FPP

ChromegaChiral CCX
Methylbenzylcarbamate and 

3,5-dimethylphenylcarbamate–
amylose

3, 5, 10, and 21 FPP

Phenomenex

Lux AMP Proprietary 3 FPP

Lux i-Cellulose-5
Cellulose tris(3,5-dichlorophenyl-

carbamate)
3, 5 FPP

Separation Methods  
Technologies, Inc. 

SMT CIB-TE Teicoplanin 5 FPP

Table III: HILIC columns for small-molecule separations

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

Advanced Chromatography 
Technologies

ACE Amino Amino 1.7, 3, and 5 FPP

Agilent Technologies
InfinityLab Poroshell 120 

HILIC
Unbonded 1.9 SPP

HILICON AB iHILIC-Fusion(P)
Amide, phosphate, quaternary 

ammonium
5 Polymeric

MicroSolv Technology  
Corporation

Cogent Amide Amide 4 Silica hydride

Shodex

VN-50 2D Diol 5 Polymeric

VC-50 2D Carboxyl 5 Polymeric
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and purification of synthetic oligo-

nucleotides. The column is reported 

to be stable at high pH, which is often 

used in oligonucleotide separations.

HIC likely deserves its own cate-

gory within the large-molecule realm. 

However, for the sake of space it is 

lumped in here with the reversed-

phase offerings. HIC is often a 

valuable tool used to separate polar 

variants of proteins. HIC, however, 

traditionally uses high concentrations 

of nonvolatile buffers, rendering it 

incompatible with mass spectrom-

etry (MS) detection. A presentation 

by Andrew Alpert of PolyLC, Inc., 

at HPLC 2016 described efforts to 

render HIC MS friendly (3). Using 

more-hydrophobic analogs of a 

poly(propyl aspartamide) station-

ary phase, Alpert demonstrated that 

proteins could be denatured in MS-

friendly(er) mobile phases that may 

lead to a possible marriage of the 

two techniques (4). Since that time, 

PolyLC, Inc., has launched three ver-

sions of the polyaspartamide phases 

discussed at HPLC 2016 (pentyl, 

hexyl, and heptyl) that permit MS-

compatible HIC for proteomics and 

quality control of biotherapeutics.

Size-Exclusion Chromatography– 

Gel Permeation Chromatography

SEC continues to witness resurgence 

largely as a result of the focus on large-

molecule therapeutics. SEC resolves 

analytes based on molecular size and 

is often used as a complementary 

technique to reversed-phase analysis 

of protein. Gel permeation chroma-

tography (GPC) uses the same process 

of separation by molecular size. Sepa-

ration by molecular size in aqueous 

mobile phases is commonly referred to 

as SEC, whereas separation in organic 

solvents such as tetrahydrofuran is 

normally referred to as GPC. Columns 

used in SEC and GPC are often char-

acterized by strict control of pore size 

and by inert surface chemistry. Control 

Dimensions (mm) Comments

100 × 4.6 to 250 × 10
Meta immobilized columns offer mechanistic advantages in chiral recognition, higher success rates using 
fewer columns. The columns are designed for robustness and extended column life.

50 × 3.0 and 100 × 3.0
These columns are designed to be used with UHPLC systems to achieve ultrafast and high -resolution 
separation of enantiomers.

Capillary to preparative
Packed in PEEK, this column is especially designed for monoamine type neurotransmitters and oral anti-
diabetic drugs. The polymer column housing decreases interactions between compounds and column 
hardware.

Capillary to preparative

Common analytical lengths for 
3.0- and 4.6-mm i.d. columns

Designed and tested for chiral separation of amphetamine and methamphetamine enantiomers.

Common analytical lengths 
for 2.1-, 3.0-, and 4.6-mm i.d. 
columns; preparative dimen-

sions available

Immobilized portion of this new chiral stationary phase greatly increases column robustness by tolerating 
strong organic solvents such as DMSO, DCM, ethyl acetate, MTBE, and tetrahydrofuran to be injected onto 
the column.

50 × 2.1 to 300 × 22.1

SMT CIB-TE column is made through bonding of the antibiotic, teicoplanin with 1,6-diisocyanatohexane, 
using SAM Total Coverage technology, both patented and proprietary. This covalently bonded teicoplanin 
column is extremely useful for performing a wide variety of chiral separations with amino acids, carboxylic 
acids, and neutral compounds.

Dimensions (mm) Comments

Not disclosed
Highly reproducible and ultrainert amino phase for reversed-phase, normal-phase, weak anion-exchange, 
and HILIC modes. Proprietary bonding technology provides robustness with excellent column lifetimes.

50 × 2.1 to 150 × 3.0 Robust superficially porous 1.9-μm particles and optimized column loading.

20 × 2.1 to 250 x 4.6
Unique selectivity from enhanced hydrophilic partitioning, weak electrostatic interaction, and hydrogen 
bonding capacity; HILIC applications at high pH.

100 × 2.1 plus additional 
dimensions

Stability of column with greater column lifetime and unique selectivity.

150 × 2.0 Diol-functionalized PVA-based HILIC column designed for oligosaccharide analyses.

150 × 2.0
Packed in PEEK, this column is designed for monoamine type neurotransmitters and oral anti-diabetic 
drugs. The polymer column housing decreases interactions between compounds and column hardware.



234 LCGC NORTH AMERICA VOLUME 35 NUMBER 4 APRIL 2017 www.chromatographyonline.com

of the pore size dictates how molecules 

of various sizes can diffuse into the 

pores while the inertness of the surface 

limits secondary interactions that may 

interfere with molecular size separation 

and determination.

Table VI lists the SEC and GPC 

column offerings launched since 

Pittcon 2016. The number of new 

offerings is similar to those reported 

last year. Jordi Labs released a divi-

nylbenzene GPC phase in both 

3- and 13-μm particle sizes that 

promises high efficiency, high capac-

ity, and lower back pressure.  Shodex 

continued to expand its offering with 

the release of two new chemistries on 

polymeric supports. The HK-404L 

phase is intended for rapid GPC 

analysis, and the LW-803 product 

is designed for antibody and anti-

body aggregate separations. Smaller-

particle designs continue to infiltrate 

the SEC–GPC market in an attempt 

Table V: Reversed-phase separations for large-molecule separations

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

Advanced Materials  
Technology

HALO 1000Å C4 C4 2.7 SPP

ES Industries
MacroSep BIO-Gold HPLC 

Columns
C18, C8, C4, PFP, napthyl, biphe-

nyl, diphenyl, HPR
1.9, 3, 5, and 10 FPP

Fortis Technologies
SpeedCore BIO Peptide C18 2.6 SPP

SpeedCore BIO Protein C18, C8, C4 3.5 SPP

Phenomenex Clarity Oligo-XT C18 1.7, 2.6, and 5 SPP

PolyLC, Inc.
PolyPentyl A, PolyHexyl A 

and PolyHeptyl A

Polypentylaspartamide, polyhex-
ylaspartamide, and polyheptylas-

partamide
2, 3, and 5 FPP

Table VI: SEC columns for large-molecule separations

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

Jordi Labs LLC Jordi Resolve GPC columns Divinylbenzene 5 and 13
Monodisperse 

polymeric

Phenomenex Yarra 1.8u SEC-X300 Proprietary 1.8 FPP

Shodex HK-404L Styrene–divinylbenzene 3.5 Polymeric

Shodex LW-803 Not disclosed 3 FPP

YMC Co. Ltd. YMC-Pack Diol SEC Dihydroxypropyl 2 FPP

Table VII: Strong cation-exchange columns for large-molecule separations 

Company Product Name Stationary Phases Particle Sizes (μm) Particle Type

ES Industries Epic SCX Aromatic sulfonic acid 1.8, 3, 5 and 10 FPP

Phenomenex Clarity Oligo-SAX Quatenary amine 5 Nonporous

Thermo Fisher Scientific

IonPac AS23-4μm Not disclosed 4 Not disclosed

IonPac CS20 Not disclosed Not disclosed Not disclosed
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to enhance resolution and speed. 

Phenomenex extended its line of sub-

2-μm SEC columns with the release 

of the Yarra 1.8μ SEC-X300 column. 

The column’s 300-Å pore size is 

intended for the characterization of 

mAb aggregates, antibody–drug con-

jugates (ADCs) and biosimilars with 

a separation range of 10–700 kDa. 

Similarly, YMC Co. Ltd. launched 

a 2-μm diol phase that reportedly 

exhibits greater resolution than stan-

dard 3- and 5-μm materials.

Ion-Exchange Chromatography

Ion-exchange chromatography is a 

separation technique that exploits 

strong interactions between oppo-

site charges of a surface and an ana-

lyte. Various surface supports may 

be modif ied to carry permanent 

(strong cation and anion exchange) 

or variable (weak cation and anion 

exchange) charge that can be used 

Dimensions (mm) Comments

20 × 2.1 to 250 × 4.6
Higher resolution of minor variants of mAbs and narrower peak widths by 12–40% compared to current 
products. 

50 × 2.1 to 300 × 4.6
MacroSep BIO-Gold packings are based on ultrahigh-purity spherical silica, state-of-the-art high density 
bonding, and full endcapping intended for the separation of high-molecular-weight compounds such as 
proteins and peptides.

Not disclosed An addition to the SpeedCore line of columns intended for peptide analysis.

Not disclosed Additional phases to the SpeedCore line of columns intended for protein analysis.

Common lengths with 2.1 mm 
i.d. (1.7 μm), common lengths 

for 2.1 and 4.6 mm i.d. (2.6 
and 5 μm); semipreparative 
and preparative dimensions 

also available

Designed to provide rugged high performance and high pH stability for the LC–MS characterization of 
synthetic DNA and RNA samples as well as purification of these target oligos.

Capillary to process scale
These materials are unique in permitting HIC of proteins in native structure with volatile (MS-compatible) 
mobile phases for top-down proteomics and quality control.

Dimensions (mm) Comments

300 × 7.8 High efficiency, high separation capacity, and lower back pressure with greater bed stability.

Common analytical lengths for 
4.6 mm

For separation and characterization of mAb aggregates, antibody–drug conjugates (ADCs) and biosimi-
lars. Biomolecule separation range 10–700 kDa complements existing Yarra 1.8 μm SEC-X150.

300 × 8
Monodisperse styrene–divinylbenzene particles create an environment for rapid analyses on both tradi-
tional GPC systems as well as micro-GPC and UHPLC (APC) systems. The HK-404L is a mixed-bed linear type 
column for separations ranging from 100–1,000,000 Da. No need to purchase expensive APC XT columns. 

300 × 8
LW-800 series is specially designed for antibody and antibody aggregates separations. The ultralow shed 
makes this series ideal for multiangle light scattering systems.

150 × 4.6 and 300 × 4.6
The 2-μm particle exhibits greater resolution than standard 3- and 5-μm materials, which allows smaller 
diameter and shorter length columns to be used. This increases throughput while decreasing mobile-
phase consumption.

Dimensions (mm) Comments

Not disclosed
Epic SCX uses a high density bonding technology that provides for superioer cation loading and robust-
ness.

Common analytical lengths for 
4.6 mm i.d.

Innovative high capacity strong anion-exchange column delivers high-resolution analysis of synthetic 
oligonucleotides.

Not disclosed
Advanced capabilities to detect oxyhalides and common inorganic anions in drinking water, groundwater, 
wastewater, and other diverse sample matrices.

Not disclosed
Designed to offer choice performance for the analysis of inorganic cations and amines. The columns use 
gradient ion chromatography to offer high selectivity for detecting a variety of alkyl and alkanol amines.
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to interact with and separate ana-

lytes with the opposite charge. As 

with SEC, ion-exchange chroma-

tography is often used as a comple-

mentary tool for the analysis of 

large molecules. As shown in Table 

VII, however, the product launches 

this year are dominated by columns 

intended for small-molecule analy-

sis. ES Industries released the Epic 

SCX column, which the company 

claims provides superior cation 

loading and stability that results 

from a high density bonding tech-

nology. Thermo Fisher Scientif ic 

also released two new chemistries 

in its IonPac line. According to the 

company, the AS23 phase provides 

advanced capabilities to detect 

oxyhalides among other inorganic 

anions in various water matrices of 

interest and the CS20 product pro-

vides enhanced performance for the 

analysis of inorganic cations and 

amines. The lone “large-molecule” 

ion-exchange product release came 

from Phenomenex. The Clarity 

Oligo-SAX phase is interestingly 

built on a nonporous, 5-μm particle 

and is intended for the high-reso-

lution analysis of synthetic oligo-

nucleotides.

Supercritical Fluid  

Chromatography

SFC continues to receive interest 

because of improvements in instru-

ment design, the desire to perform 

greener separations, and the high 

resolution and speed the technique 

often provides. The lone line of new 

SFC phases reported since Pittcon 

2016 comes from Waters Corpora-

tion. Several surface modifications, 

including 2-picolamine, diethyl-

amine, diol, and 1-aminoanthra-

cene built on Water’s bridged ethyl 

hybrid (BEH) particle technology 

were released under the brand name 

Torus. The company claims that the 

particle is designed especially for 

SFC and is enhanced by a two-stage 

bonding process that provides stable 

retention and unique selectivity.

Pillar-Array Separation Device

An interesting and potentially game-

changing separation device was 

featured at Pittcon 2017. Pharma-

Fluidics launched the first micro-

chip chromatography device that 

is manufactured using lithographic 

techniques. The device features a 

perfectly ordered backbone that is 

formed by etching interstitial volume 

out of a silicon wafer.  The company 

reports that the device produces 

highly reliable and robust reversed-

phase, nano-LC separations with 

unprecedented peak capacity. It is 

certainly possible that this develop-

ment may provide a revolutionary 

advance for liquid chromatography.

Liquid Chromatography  

Accessories

Although most of the attention in 

this series of column installments 

goes to the development of new 

columns, accessories play a vital 

role in enabling liquid separations. 

Table VIII lists several LC-related 

Table VIII: Accessories for liquid chromatography

Company  Product Name Comments

Analytical Sales and 
Service, Inc.

MonoSLEEVE

MonoSLEEVE is the next generation of the original HotSleeve controller. With its 
new advanced "plug-and-play" technology, the controller can accommodate single 
HotSleeve Plus or AgileSleeve Plus column heaters of different sizes without having to 
recalibrate to each individual sleeve.

Mott Corporation
PerfectPeak HPLC–
UHPLC mixers

HPLC–UHPLC mixers are designed to provide better sensitivity by greatly reducing base-
line noise and maximizing lower limits of detection. The mixers are pressure rated up to 
20,000 psig and reportedly maintain high efficiency over a wide range of flows.

Optimize  
Technologies, Inc.

EXP Trap columns

The EXP Trap column system enables chemists to quickly remove detergents or salts that 
can affect the ionization process in MS work. This trapping technique can concentrate 
the sample directly on-line thus allowing for increased recovery of precious sample mate-
rial compared to off-line techniques. On-line trapping readily lends itself to automation 
for high-throughput analysis in UHPLC–MS applications. The company’s Free-Turn archi-
tecture allows users to change cartridges by hand without breaking fluid connections on 
the holder inlet–outlet.

Prolab Instruments 
GmbH

Zircofit

ZircoFit is a novel capillary fittings system that allows users to assemble their custom-
length or custom-volume connections within minutes. Using a simple technique, a 
special tool presses the composite sleeves onto the bare ends of fused-silica capillaries 
with 10–75 μm i.d. They then fit into 1/16-in. HPLC ports, achieving a pressure rating of 
20,000 psi (patent pending).

VICI AG International
VICI Jour JR-BPR3 
back-pressure 
regulator

As an extension in the line of the VICI Jour back-pressure regulators, the new JR-BPR3 of-
fers an extended application range. Pressures from 90 to 300 bar (1300–4300 psi) are eas-
ily manually adjustable. The stainless steel made body and the inert membrane enables 
the usage of any HPLC mobile phase and of supercritical carbon dioxide. The back-pres-
sure regulator can also be mounted into any column oven that maintains temperatures 
up to 80°C. Additionally an installation using a 17-mm panel hole is possible.

Welch Materials, Inc.
Ghost-Buster 
column

This column is designed to be installed between the gradient mixer and the sample 
injector for removal of impurities in the mobile phase that contribute to ghost peaks. 
Without any contact with the sample and an easy installation, the column provides su-
perior performance in removing ghost peaks from the baseline, leading to significantly 
enhanced resolution and minimal impact to established chromatography methods. 
Because of these unique features, the Ghost-Buster column can be easily adopted in a 
broad spectrum of application methods.
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accessories that have been recently 

developed. Analytical Sales and Ser-

vice, Inc., reported the release of the 

MonoSLEEVE column heater device, 

which features advanced “plug-

and-play” technology. Mott Cor-

poration launched HPLC–UHPLC 

static mixers intended to supply 

better sensitivity by greatly reduc-

ing baseline noise and improving 

lower limits of detection. Accord-

ing to the company, the mixers are 

easy to install, are pressure rated 

up to 20,000 psi, and can maintain 

high efficiency over a wide range 

of f low rates. Optimize Technolo-

gies released a series of trap columns 

under the brand name EXP. On-line 

trapping facilitates automation for 

high-throughput analysis and can be 

used for multidimensional chroma-

tography processes. High-pressure 

capillary connections often frustrate 

the practitioner. Prolab Instruments 

has developed a novel capillary fit-

tings system called Zircofit that is 

designed to allow users to assemble 

connections within minutes. The 

company reports the achievement 

of 20,000-psi pressure ratings with 

this design. VICI AG International 

launched a new back-pressure regu-

lator, JR-BPR3, which reportedly 

extends the application range of the 

company’s existing line. The com-

pany claims the new regulator is 

manually adjustable between 90 bar 

and 300 bar and can be mounted 

into any column oven that maintains 

temperatures up to 80 °C. Lastly, 

ghost peaks in gradient LC can not 

only be a nuisance, but may also 

interfere with detection and quanti-

tation of target analytes. The source 

of ghost peaks is often impurities 

in solvents used in mobile phases. 

Welch Materials has developed what 

it calls the Ghost-Buster column to 

help alleviate the issue. The column, 

packed with proprietary material, 

is installed between the gradient 

mixer and the sample injector and 

is intended to remove contami-

nants from the mobile phase and 

thus reduce or eliminate undesired 

responses in gradient analyses.

Conclusions

Overall, the products released over the 

past year represent evolutionary devel-

opments. The greatest number of new 

columns falls into the category of line 

extensions or “gap-filling” new product 

lines for individual companies based 

on existing accepted technologies. New 

known chemical modifications of both 

SPPs and FPPs of various particle sizes 

continue to be developed, and these 

modern particles continue to find util-

ity in niche separation modes such as 

HILIC and chiral. Several reported 

treatments of FPP surfaces may lead 

to more revolutionary products, and 

several new chemistries, especially 

hydrophobic–hydrophilic balanced 

phases, may offer unique and powerful 

selectivities.

As opposed to last year, there seems 

to be less emphasis on large-molecule 

separations in terms of the number 

of phases that have been launched. 
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That said, several developments in 

large-molecule separations could play 

a key role in the future of HPLC. An 

emphasis on even larger-pore-size parti-

cles may, for example, enable improved 

analysis of mAbs and other biothera-

peutics. Techniques complementary to 

reversed-phase chromatography such as 

SEC–GPC and ion-exchange chroma-

tography continue to grow at a steady 

pace. It is noteworthy, however, that 

no affinity chromatography columns 

were reported to be released over the 

past year. Is it possible that the empha-

sis on large-molecule separations is 

slowing?

The commercialization of pillar-

array nano-LC devices may be the most 

revolutionary development over the 

past year. It will be interesting to see if 

the device leads us to more widespread 

acceptance of chip-based separations.
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LC  TROUBLESHOOTING

We’ll learn how to find 

the “sweet spot” in terms 

of retention for a liquid 

chromatography separation 

as well as how much 

retention change can be 

expected for a selected 

change in mobile-phase 

percent organic or column 

temperature.

Count the Cost, Part II: 

Increasing Resolution by 

Increasing Retention

John Dolan and Dwight 
Stoll are the coeditors of LC 

Troubleshooting, and Dolan is 

the author of this installment.

T
his is the second installment in a 

series about how to use chromatog-

raphy fundamentals to estimate the 

impact of various parameter changes on 

liquid chromatography (LC) separations. 

In the first discussion (1) we looked at the 

influence of the column plate number (N) 

and saw that for most situations, starting 

method development with a 10,000-plate 

column makes the most sense. This is 

a good compromise between separation 

power, pressure, and run time. The effect 

of further changes in column length (L) 

or particle diameter (dp) can be easily 

estimated without doing the actual experi-

ments.

This month, we’ll continue the discus-

sion with an emphasis on the influence of 

the retention factor (k) on the separation, 

expressed as resolution (Rs). We’ll consider 

the general case, specific cases, and how 

to estimate the influence of a change in 

mobile-phase percent organic (%B) or 

temperature on retention. As with the prior 

installment of this series, we’ll limit our-

selves to isocratic separations and reversed-

phase conditions to simplify the discussion, 

but much of this installment will apply to 

gradients and other separation modes.

The Influence of 

Retention on Resolution

Once again, we’ll use the fundamental 

resolution equation to guide the discussion:

Rs = ¼ N 0.5(α-1)(k/[1 + k]) [1]

          (i)     (ii)     (iii)

where α is the selectivity between two 

peaks with k-values of k1 and k2:

α = k2/k1 [2]

Although we could use retention time 

(tR), it is usually simpler to use the retention 

factor in discussions like the present one. 

Recall that the retention factor is calculated 

from tR and from the column dead time (t0

or tM) as:

k = (tR – t0)/t0 [3]

From equation 1, we can see that resolu-

tion is a function of k/(1 + k) (term iii). 

Thus, Rs will increase with k, but not lin-

early. For example, if k = 1, k/(1 + k) = 0.5, 

whereas if k = 100, k/(1 + k) ≈ 1.0. I find 

that this relationship is easier to understand 

in a graphic representation, such as in 

Figure 1, where retention, expressed as k, is 

plotted against resolution, expressed as k/

(1 + k). Initially resolution increases rapidly 

with increases in k, then flattens out as k 

exceeds ~5.

Target Ranges for k

The relationship between k and Rs 

shown in Figure 1 can help us to decide 

in advance what is the desired range of 

k-values we would like to aim for in a sepa-

ration. Let’s look at three different aspects 

of this: the improvement in Rs we get for 

some increase in k, the cost of an increase 

in k to increase Rs, and the stability of the 

separation as it relates to k.

The Advantages of Increased k-Values

The plot of Figure 1 shows us that for 

small values of k, Rs increases rapidly with 

increased k. For example, a change of k 

from 0.5 to 1.0 (black dots in Figure 1) 

increases the relative resolution by 50% 

from 0.35 to 0.53. A further doubling of k 

from 1.0 to 2.0 gives only a 33% increase 

in resolution. A fivefold increase of k from 

2 to 10 increases resolution by another 

third, but a change of k from 10 to 20 only 

changes resolution by 5%. This tells us that 

if we want to use k as a lever to improve Rs, 

it will be most effective at small values of k.
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The Cost of Increased k-Values 

Another way to look at the data of Figure 

1 is to consider how much it costs for an 

increase in k and compare this to the gain 

in resolution we might get for that cost. 

Because most LC methods are run in an 

automated mode, the cost of analysis time 

usually is not significant as long as a batch 

of samples can be run in a reasonable time, 

such as a 14-h (840-min) overnight run. As 

an example, let’s consider a method run on 

a 150 mm × 4.6 mm column at 2.0 mL/

min and a sample batch size (comprising 

both samples and calibration standards) of 

100 injections. Under these conditions, t0 ≈ 

0.75 min; we can rearrange equation 3 and 

solve for retention time:

tR = t0(1 + k) [4]

If we use the same examples as above 

with k = 0.5, 1, 2, 10, and 20 (black dots 

on Figure 1), we can use equation 4 to cal-

culate retention times of 1.3, 1.5, 2.3, 8.3, 

and 16 min, respectively. (I’ve rounded my 

numbers here, so your results may vary a 

bit if you repeat these calculations.) These 

translate to batch run times 100 times 

larger, of 113, 150, 225, 825, and 1575 min. 

You can see that methods where the last 

peak is eluted with k > 10 would exceed the 

allotted 14-h window.

Another potential cost of adjusting k has 

to do with detection limits for a method. 

Longer retention times mean broader 

peaks (peak width is directly proportional 

to retention time under isocratic condi-

tions). If peak area is assumed constant, 

peak height will be inversely proportional 

to peak width (or retention time). This 

relationship means that doubling retention, 

as when k is increased from 10 to 20, will 

halve the peak height. For trace analysis, 

0 5 10 15 20 
0.0 

0.2 

0.4 

0.6 

0.8 

1.0 
R

e
la

ti
v
e
 r

e
so

lu
ti

o
n

 

Retention (k/[1+k]) 

Figure 1: Plot of retention factor versus resolution (expressed as k/[1 + k]) based 
on equation 1. Black dots represent results for k = 0.5, 1, 2, 10, and 20. 
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peak height, not peak area, is the limiting 

factor for detection limits. Clearly smaller 

k-values are desired for taller peaks.

A final cost-related factor is that of sol-

vent costs. The purchase price, preparation 

costs, and disposal costs all add up. Shorter 

run times (smaller k-values) will reduce 

solvent costs.

Stability of Separation 

The general curve shape for Figure 1 is 

one we often see in chemistry, such as 

when tracking reaction completion. It is 

common to see a rapid rise in the depen-

dent variable with a small change in the 

independent variable, then with continu-

ing increases in the independent variable, 

the change in the dependent one levels 

off. The same happens here for changes 

in resolution as k is increased. For values 

of k > 5, there is only a small increase in 

resolution for each successive increase in 

k, whereas for k < 2, the changes are quite 

dramatic. Values of k can change because 

of normal laboratory variation. For exam-

ple, as discussed below (Rule of Three), 

a 1% change in %B (the organic content 

of the mobile phase) can be expected to 

change k by approximately 10–15% for 

a 500-Da sample. A 1% error in mobile-

phase preparation certainly is within 

the normal expectations of laboratory 

variation. Because the curve of Figure 1 

is quite steep at low k-values compared to 

higher ones, small k-value samples will be 

more susceptible to significant changes in 

resolution caused by normal fluctuations 

in mobile-phase composition. For this rea-

son, it is best to avoid conditions that give 

k < 2 for maximum method robustness.
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Figure 2: Plot of log k versus %B according to equation 5. Data for a “regular” 
sample from reference 5 are triazine herbicides separated on a C18 column in 
mixtures of methanol–water as the mobile phase. 
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Selection of k-Range Is a Compromise

After considering the above discussion, it is 

clear that selection of an ideal value of k has 

tradeoffs—robustness, resolution, run time, 

detection limits, solvent expense, and so 

forth. Another complicating factor is that 

the typical sample contains components 

that vary somewhat in retention time, so 

we would like to fit the sample into a range 

so that the k-value of the first peak is not 

too small and the k-value of the last one is 

not too large. Based on the above discus-

sion, a range of 2 ≤ k ≤ 10 is ideal, being a 

good compromise between robustness and 

run time. However, some or many samples, 

depending on the application, have too 

broad a polarity range to fit within this 

k-range. In such cases, extending the range 

to 1 ≤ k ≤ 20 is reasonable. When the ratio 

of the k-values of the first and last peaks 

exceeds 20–40, a gradient method usually 

will be favored over isocratic.

k Is Not the Whole Story

The data in Figure 1 imply that an increase 

of k will always increase resolution, but this 

conclusion is a rather broad generality that 

tends to fail in the case of specific samples. 

To understand this relationship better, 

we can classify samples as “regular” and 

“irregular” (see discussion of reference 2 for 

more details). It has been shown (3,4) that 

the relationship between k and the mobile-

phase percent organic (%B, expressed as Φ, 

where Φ = %B × 0.01):

log k = log k0 – S Φ [5]

Where k0 is the k-value of a solute at 0% B 

and S is the slope of the plot, and is a char-

acteristic of the solute. S can be estimated 

as follows:

S ≈ 0.25 MW0.5 [6]

where MW is the molecular weight in 

daltons. For some types of samples, plots 

of equation 5 appear as in Figure 2. Here 

it can be seen that the log k versus S plots 

are parallel or tend to fan out from each 

other as %B is reduced. In a case like 

this, the chromatogram would spread 

out, with increasing resolution at smaller 

values of %B, as might be expected from 

the behavior observed in Figure 1. This 

kind of sample has been referred to as a 

“regular” sample. Regular samples tend to 

be those closely related in structure, such as 

homologs or isomers. The sample of Figure 

2 is a group of structurally related triazine 

herbicides.

Many, if not most, samples include 

components that are not as closely related 

as those just discussed. Such samples vary 

in core structure as well as in the type and 

number of functional groups. It is common 

for plots of equation 5 for these samples 

to appear more like that of Figure 3. In 

Figure 3, compounds represented by the 

black, blue, and green lines behave much 

like those of Figure 2 in that they are 

roughly parallel. However, the compound 

represented by the red line moves relative to 

the others. At ~45% B, the red and black 

lines cross, so the two compounds would 

be coeluted. This is also the crossover point 

for the red and black compounds; at %B 

> 40%, the red compound comes out first 

and at %B < 40% B, it comes out after 

the black one. In contrast to the expected 

behavior of Figure 2, the compounds repre-

sented by the black and blue lines converge 

as %B is reduced, so their resolution gets 

worse, not better, with increased k. Samples 

in which the slopes of the log k versus %B 

plots differ significantly are referred to as 

“irregular” samples.

The information we gather from Figures 

1 and 3 can be valuable guides for LC 

method development. Figure 1 tells us that 

we’ll get the “best” chromatographic behav-

ior with 2 ≤ k ≤ 10 (or 1 ≤ k ≤ 20 if the 

sample won’t fit within this restricted reten-

tion range). This is a good general guide-

line. However, samples that behave as the 

one in Figure 3 are common enough that 

we can’t assume that larger k-values (longer 

retention) will always improve the separa-

tion. Sometimes α (equation 2) will remain 

relatively constant as %B is changed and 

sometimes it will vary significantly. This 

tells us that fine-tuning k can be a powerful 

tool to fine-tune the resolution.

Predicting Retention

Another useful tool that we can use to 

save experimental runs is to estimate the 

change in retention (expressed as k) for a 

selected change in %B. We can do this 

estimation quite accurately based on two 

experimental runs that allow us to make 

plots as in Figures 2 and 3. For example, 

chromatograms run at 30% B and 50% 

B would allow us to measure retention 

for each compound, convert it to k and 

plot the results as in Figure 2 or 3. Alter-

natively, we could use equations 5 and 6, 

along with a single experimental run and 

knowledge (or guess) of the analyte molec-

ular weights to construct similar plots 

with a little less accuracy (depending on 

how many assumptions we make). Equa-

tion 6 tells us that a 400-Da compound 

will have an S-value of approximately 5, 

which is a convenient number to use as 

an average or typical S-value for small 

molecule samples (for example, <1000 

Da). From equation 5, we can construct 

an estimate of the change in k (Δk) for a 

given change in %B (Δ%B, where Δ%B = 

10% is equivalent to ΔΦ = 0.1):

Δk = 10(ΔΦ S) [7]
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Figure 3: Plot of log k versus %B according to equation 5. Data for an “irregular” 
sample from references 6 and 7 are substituted aromatics separated on a C18 
column with mixtures of acetonitrile–water as the mobile phase.
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Thus for S = 5 and Δ%B = 10%, we get 

Δk = 10(0.1 x 5) ≈ 3. This is what is often 

referred to as “The Rule of Three,” where 

a 10% change in the organic solvent con-

centration of the mobile phase is expected 

to change k by approximately threefold. 

This is a very handy tool for estimating 

how much retention will change when the 

mobile phase is modified. I used a similar 

estimate for the earlier discussion of the 

effect of a 1% change in %B due to normal 

variation in the laboratory.

Although I won’t go into detail here (see 

discussion in Section 2.3.2.2 of reference 

2 for more information), we can get plots 

similar to Figure 2 or 3 if we plot log k ver-

sus 1/T, where T is temperature in kelvins. 

From such data, we can generate a rule of 

thumb that an increase in temperature of 

1 °C will decrease k by 1–2%. This rule 

of thumb can be useful to help estimate 

the effect of a change in column tempera-

ture on retention and also alerts us to the 

importance of column temperature control 

if we want stable retention times.

Conclusions

We have examined the influence of the 

retention factor, k, on resolution. After we 

considered the risks (costs) and benefits 

of various values of k, using Figure 1 as a 

guide, we concluded that we are likely to 

get the “best” chromatography and a good 

balance of costs (time, solvent costs, reso-

lution, and so forth) if we can adjust the 

chromatographic conditions to achieve 2 ≤ 

k ≤ 10, or if the sample won’t fit into this 

retention range, 1 ≤ k ≤ 20. When k < 1, 

retention tends to be less stable, resolution 

is very sensitive to small changes in k, and 

there is more chance of interferences from 

the unretained materials at t0. When k > 

20, run times become excessive and peak 

heights suffer. When samples won’t fit in a 

retention range of 1 ≤ k ≤ 20, a gradient is 

likely a better choice.

We also saw that while it is a general 

pattern that resolution increases with an 

increase in k (as in Figure 1 or 2), there are 

many cases in which the sample compo-

nents vary enough that changes in relative 

retention and even peak reversals can be 

seen with either increases or decreases in 

%B. This means that even if the sample is 

eluted in the 1 ≤ k ≤ 20 range, fine-tuning 

%B can be a useful tool to move peaks 

around relative to each other.

Finally, we saw that we can further save 

the cost of experimental runs by estimat-

ing the change in retention or k for a 

specific change in %B or temperature. If 

two experimental runs are made, such as 

at 30% B and 50% B for Figures 2 and 

3, quite accurate estimates can be made 

for the change in retention that can be 

expected with a specific change in %B.

Often if we start method development 

with a column that generates N ≈ 10,000 

plates (1), find conditions that generate 1 

≤ k ≤ 20 for our sample components, and 

then fine-tune %B for the best retention, 

we will obtain a satisfactory separation. If 

this is the case, method development can 

be a fairly simple process. If we have opti-

mized these two factors (terms i and iii of 

equation 1) and are not successful, it is time 

to look for help in term ii of equation 1, as 

will be discussed in the next installment of 

this series. 
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T
his annual review of new high 

performance liquid chromatogra-

phy systems and related products 

covers products introduced during the 

last 12 months. The majority of the 

products were launched at Pittcon 2017. 

The Pittsburgh Conference on 

Analytical Chemistry and Applied 

Spectroscopy (Pittcon) is one of the 

world’s largest conference on labora-

tory science. The 69th Pittcon was held 

at McCormick Place in Chicago, the 

largest conference center in the United 

States, from March 5 to 9, 2017. The 

last time Pittcon was held in Chicago 

was in 2014 (and 2011 prior), and it 

will be there again in 2020. Note that 

Chicago, Orlando, Philadelphia, New 

Orleans, and Atlanta are the cities 

selected for hosting Pittcon, with Chi-

cago in the rotation every 3 years and 

the others about every 6 years. This 

frequency makes sense since Chicago 

is the third largest city in the U.S. 

and is also an industrial, agricultural, 

financial, transportation, and commu-

nication center. We had great weather 

this year at the conference with many 

sunny days and spring-like temperature 

in the 50s.

Pittcon is impressive with ~2000 

presentations, 100+ short courses, and 

a huge exposition with over 800 exhibi-

tors, including over 120 new manu-

facturers displaying for the first time. 

Although the number of attendees has 

been dropping in recent years, registra-

tion hit 13,300 after three days. With 

open admission on Thursday, a total 

of above 14,100 was expected, which is 

very good news for the conference and 

an indication of a healthier economy 

and positive outlook for instrumenta-

tion. This year’s conference featured a 

plenary lecture by Dr. Karl Deisseroth, 

a professor of bioengineering at Stan-

ford University, on insights on optoge-

netic proteins using electron microscopy 

and mass spectrometry (MS). Once 

again, Pittcon 2017 provided a “Mecca” 

for analytical chemists and a premier 

venue for instrument manufacturers.

Megatrends in HPLC Equipment

The perfect marriage of ultrahigh-pres-

sure liquid chromatography (UHPLC) 

and MS instruments continues to be 

the megatrend in chromatography in 

recent years (1–5), even though this is 

another off year for new UHPLC sys-

tem introductions. With many second-

generation UHPLCs debuted by all 

major manufacturers in prior years 

(2,3), this year we are seeing mostly 

line extensions, application-specific sys-

tems, modules (particularly new MS or 

MS add-ons), and software products.

Table I lists the new product intro-

ductions (arranged alphabetically 

by vendor name), followed by more-

detailed descriptions or commentaries. 

New HPLC and UHPLC Systems 

and Line Extensions 

New HPLC, UHPLC, supercritical 

f luid chromatography (SFC), ion chro-

matography (IC), modules, chromatog-

raphy data systems (CDS), and related 

software are summarized in Table I 

and described with more details below.

New HPLC Systems and 
Related Products: A Brief 
Review

This installment highlights 

new high performance liq-

uid chromatography (HPLC) 

systems, modules, and soft-

ware that were introduced 

at Pittcon 2017 and during 

the year prior, and describes 

their innovative features 

and significant benefits. 
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Table I: New HPLC product introductions at Pittcon 2017 or the prior year 

Vendor Product Description and Comments

ACD/Labs AutoChrom 2016 ver-

sion

Software includes overlaid logD curves, enhanced column data bases, and better connec-

tivity to Chromeleon 7, Empower, and other MS data systems.

ACD/Labs LUMINATA LUMINATA is a new multitechnique software product that offers comprehensive data 

aggregation for impurity characterization.

ACD/Labs MetaSense MetaSense is an LC–MS software solution to facilitate identification of predicted and 

unexpected metabolites.

Agilent 1260 and 1220 Infinity 

II systems

Updated platforms for Agilent’s Infinity II family of HPLC and UHPLC systems.

Agilent 1260 Infinity II SFC Offers an improved autosampler and an updated control module with an optional binary 

pump.

Agilent 1290 Infinity II prepar-

ative fraction collector

Enables collection of up to 432 fractions or volumes up to 5.9 L triggered by time-, peak- 

or mass-based events.

Agilent OpenLab CDS 2.1 This version of OpenLAB CDS provides a networked or standalone environment that 

combines ease of use and regulatory compliance.

Analytical Sales 

and Services

Sentinel A fluid-level indicator for monitoring up to three bottles of waste or mobile phases.

Biotech AB DEGASi Compact and 

Prep+ degassers

DEGASi Compact with small internal membrane volume and DEGASi Prep+ supports pre-

parative HPLC and flash chromatography. 

Bonna-Agela OCTOPUS purification 

system

A flexible modular purification system for both flash and preparative HPLC with auto-

matic fraction collection and many detection modes.

Bruker Elute LC series UHPLC systems provide pressures from 700 to 1300 bar for LC–MS analysis.

Cecil Instruments Electrochemical 

Detection Adept HPLC 

A modular HPLC system with electrochemical detection that supports DC-amperometric, 

scanning and pulsed modes.

ChromPerfect ChromPerfect SL CDS ChromPerfect for small laboratories that controls up to four chromatographs and is com-

patible to tablets control and data analysis.

Cromite A portable HPLC–UV 

system

A portable, battery operated HPLC–UV system with novel approaches to column and 

sample probe design. 

DataApex Clarity v.7.2 CDS An updated software version operating under Windows 10 with enhanced instrument 

connectivity, and MS extensions.

ECOM ECF 2096 fraction col-

lector

An automated collector that collects up to 48 tubes of 8-mL volumes.

FF Runge GmbH Mikron detector series Very small photometric, fluorimetric, and conductivity HPLC detectors based on LED 

technology.

JASCO HPLC–MS and SFC–MS JASCO offers both LC-4000 Series HPLC–MS and SFC–MS systems with an add-on of 

Advion’s Expression SQ MS system.

JASCO Method scouting soft-

ware

JASCO offers method scouting software for automated solvent and column screening (up 

to 10 solvents and 10 columns).

JM Science Sonic reservoir system A monitoring system for HPLC reservoirs and waste containers using sonic detection and 

LED display.

Knauer Azura Analytical and 

Semi-prep HPLC 

A family of analytical and semipreparative HPLC systems (200, 400, 700, and 1000 bar) in 

stainless and biocompatible formats.

Metrohm Eco IC The Eco IC is a new ion chromatograph designed for routine analysis of anions, cations, 

and polar compounds in environmental testing and education.

PerkinElmer QSight MS/MS system  The QSight triple-quadrupole system is a self-cleaning analyzer for testing food contami-

nants in compliance with regulatory standards.

Prolab 

Instruments

ZirconiumHT UHPLC 

system

The Zirconium High-Throughput UHPLC system is a micro-UHPLC system with novel trap-

ping configuration for 2D applications.

Sciex X500B QTOF MS A compact QTOF system for standardized biotherapeutics characterization.
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Agilent 1260 and 1220 Infinity 

II systems—Two years ago Agilent 

introduced the 1290 Infinity II LC 

systems. This year, Agilent completed 

the InfinityLab LC Series with the 

1260 and 1220 Infinity II systems, 

all to deliver full method compat-

ibility. Innovative 1290 Infinity II LC 

technology is leveraged with the 1260 

Infinity II Multisampler with dual-

needle sampling and Vialsampler. A 

larger column oven, which fits 30-cm 

columns and can accommodate four 

columns with a single switching valve, 

and a range of detectors are common 

to both systems. The 1260 Infinity II 

pumps have a 600-bar pressure limit 

and are available in either stainless 

steel or bioinert format. The 1220 

Infinity II system remains an inte-

grated 600-bar system available with 

an isocratic or a dual-channel gradi-

ent pump that can be paired with a 

manual injector or an autosampler, a 

variable-wavelength UV detector or 

a diode-array detector, and external 

special detectors including a mass-

selective detector. All systems can 

be operated with Agilent OpenLab 

CDS Software as well as third-party 

software with the universal Agilent 

Instrument Control Framework.

Bruker Elute LC series—Bruker 

introduces the Elute LC series systems 

for LC–MS analysis: SP (700 bar), 

UHPLC (1300 bar for ultrafast analy-

sis), OLE (for online extraction) and 

HT (high-throughput with the new 

PAL3 autosampler).

Cromite portable HPLC—Cro-

mite introduced a handheld, portable 

HPLC system that consists of an 

isocratic pump with a 275-bar or 

4000-psi pressure limit and a max 

f low rate of 4 mL/min, and a UV–vis 

detector with an light-emitting diode 

(LED) source that provides up to four 

customizable wavelengths. The system 

is designed with novel approaches 

to mobile-phase storage and sample 

introduction and preparation, and 

it includes a single-ended leak-proof 

column. The system weighs 2.5 lb 

(1 kg) and has overall dimensions of 

6.8 × 3.2 × 3.4 in. (173 × 81 × 86 

mm). The device can be controlled 

from a PC, smartphone, or tablet via 

Bluetooth and can be powered off a 

12-VDC power supply or external bat-

tery. The company is targeting appli-

cations in education, environmental 

and production QC testing with this 

offering. Figure 1 shows an example 

chromatogram obtained using the 

Cromite portable HPLC system.

Knauer Azura Analytical and Semi-

Prep HPLC—Knauer offers the Azura 

as a system solution for analytical to 

preparative HPLC. The analytical 

systems are available with binary or 

quaternary pumps (stainless steel at 

700 and 1000 bar as well as a biocom-

patible, ceramic version at 400 bar). 

The semipreparative 200-bar systems 

are capable of f low rates as high as 

50 mL/min and are available in both 

stainless and biocompatible formats. 

These systems can be configured with 

appropriate autosamplers, column 

ovens, and UV–vis, refractive-index, 

and diode-array detectors. The systems 

Table I: New product introductions (continued) 

Vendor
New HPLC and relat-

ed product
Description and Comments

Shimadzu Cannabis Analyzer for 

Potency

Shimadzu’s Cannabis Analyzer for Potency is an HPLC–UV system designed specifically for 

quantitative determination of cannabinoid content. 

Shimadzu CLAM-2000 automa-

tion module for  

LC/MS/MS

CLAM-2000 clinical laboratory automation module automatically performs the sample 

preparation necessary for analyzing blood and other biological samples by LC–MS/MS.

Shimadzu LCMS-8045 This system performs demanding routine quantitative analyses in food safety and envi-

ronmental testing. 

S-Matrix Fusion QbD v. 9.8.0 A version of Fusion QbD software for HPLC method development using design of experi-

ments with interfaces to most HPLC systems. 

Thermo Scientific Vanquish Flex binary 

pump

A biocompatible binary pump for the Vanquish Flex UHPLC system rated at 1000 bar 

(15,000 psi).

Thermo Scientific Q Exactive HF LC–MS/

MS system

A compact orbital trap hybrid LC–MS/MS system capable of a maximum resolution of 

240,000 FWHM. 

Thermo Scientific Chromeleon 7.2 SR5 

CDS

This version of Chromeleon is a multitechnique, multivendor scalable platform for GC, 

LC, IC, and MS applications with many enhancements.

Thermo Scientific AppsLab methods 

library

The latest AppsLab library is a searchable online repository for access to chromatography 

and MS applications including analytical methods, chromatograms, and related com-

pound information.

Waters/Sotax Acquity H-Class UPLC  

for dissolution testing

Waters offers an automated injector for dissolution based on Sotax’s Xtend Dissolution 

Line. 

Waters Empower Cloud Waters announced cloud-based Empower 3 software available through Amazon Web 

Services.

Wyatt ViscoStar III An online viscometer detector offers sensitive measurements of intrinsic viscosity for 

macromolecular size and polymer branching.
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Leverage the outstanding inertness, low bleed, and  

high reproducibility of Rxi® 3-in-1 technology to gain:
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Put Rxi
®
 columns to work in your lab. 

Visit www.restek.com/rxi and order yours today.

Rxi® columns come 

with an unbeatable 

guarantee.

That is Restek® 

Pure Satisfaction.

www.restek.com/rxi  Pure Chromatography

can be controlled by a controller, a 

mobile tablet, or a chromatography 

data system (CDS) such as Open-

LAB EZChrom, ClarityChrom, and 

Chromeleon.

Prolab Instruments ZirconiumHT—

The Zirconium High-Throughput 

UHPLC system is a micro-UHPLC 

system with a novel trapping column 

configuration for loading and analyz-

ing samples at the same time using 

only one binary pump. Suggested 

applications are 2D micro and nano-

LC analyses.

Shimadzu Cannabis analyzer—The 

Shimadzu Cannabis analyzer is a 

HPLC–UV system designed specifi-

cally for quantitative determination of 

cannabinoid content for potency with 

three method packages optimized for 

high-throughput, high sensitivity, and 

high resolution. Figure 2 shows an 

example chromatogram for potency 

testing of 11 cannabinoid standards on 

the system.

Sotax Xtend On-Line Dissolu-

tion with Waters Acquity H-Class 

UPLC—For those who have been 

waiting for a modernized replace-

ment of the Alliance-based 2695D 

automated dissolution analyzer, the 

wait is over. Waters, in conjunction 

with Sotax, now offers an automated 

UHPLC system based on the Acquity 

H-Class UPLC system and Sotax’s 

dissolution testing apparatus with 

Sotax’s sample manager (SAM) to 

allow sample withdrawals, fractions 

collection, and autoinjections from 

USP dissolution systems.

Bonna-Agela OCTOPUS purifica-

tion system—Bonna-Agela Technolo-

gies (acquired by Danaher last year) 

introduced a f lexible and easy-to-use 

modular purification system for both 

f lash and preparative HPLC with a 

family of four pumps (1–200 mL/min 

and pressure limits of 14–200 bar 

[200–3000 psi]) that can be equipped 

with automatic fraction collection, an 

autosampler, a column oven–switcher, 

and UV–vis, photodiode-array, evap-

orative light scattering, refractive-

index, or MS detection.

Agilent 1260 Infinity II SFC—The 

Agilent 1260 Infinity II SFC system 

now offers an improved Multisampler 

autosampler, which uses an innova-

tive feed injection principle that 

allows 0.1–90 μL of injection volume 

range with the higher sample capac-

ity of 432 2-mL vials. The 1260 

Infinity II SFC binary pump can 

provide pressures of 600 bar at up 

to 5 mL/min. The Infinity II SFC 

control module now offers full f low 

into evaporative light scattering or 

MS detection systems. A novel low 

dispersion nozzle with variable back-

pressure settings enables outstanding 

peak shapes in this case.

Metrohm Eco IC—The Eco IC ion 

chromatograph is designed for routine 

analysis of anions, cations, and polar 

compounds in environmental test-

ing and education applications. The 

system is complete with a suppressor, 

a conductivity detector, software, and 

an optional autosampler with up to 36 

samples.

HPLC Modules 

Cecil Instruments Electrochemical 

Detection Adept HPLC system—Cecil 
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Instruments offers a modular HPLC 

system with electrochemical detection 

that supports DC-amperometric, scan-

ning, and pulsed modes.

FF Runge Mikron detector series—

These very compact photometric, 

f luorimetric, and conductivity HPLC 

detectors are based on LED technology.

Thermo Scientific Vanquish Flex 

binary pump—The Vanquish Flex 

binary system now features a binary 

high-pressure gradient pump with 2 × 

3 solvent channels (1000 bar or 15,000 

psi) and low gradient delay volume 

capable of delivering f low rates of up 

to 8 mL/min. The entire system pro-

vides a biocompatible f low path.

Wyatt ViscoStar III—The Wyatt 

ViscoStar III viscometer detector offers 

measurements of intrinsic viscosity 

for sensitive macromolecular size and 

conformation for polymer branching 

analysis. The detector uses Mark-

Houwink-Sakurada parameters and 

hydrodynamic radii intrinsic viscosity 

calculations using Wyatt’s ASTRA 

software package in size-exclusion 

chromatography.

Mass Spectrometry  

JASCO HPLC–MS and SFC–MS—

JASCO offers the Advion Expression 

compact single-quadrupole MS system 

for its HPLC–MS (LC-4000 Series) 

and SFC–MS (SFC-400 Series SFC) 

systems with mass-triggered fraction 

collection and integrated system con-

trol using the ChromNAV CDS.

PerkinElmer QSight MS/MS sys-

tem—The QSight triple-quadrupole 

system is a highly sensitive dual source 

self-cleaning LC–MS/MS analyzer that 

enables laboratories to test complex 

samples for food contaminants (such as 

pesticides) for regulatory compliance. 

QSight provides a complete pesticide 

solution from sample preparation, 

extraction to analysis, and reporting.

Sciex X500B QTOF—Sciex 

launches the compact X500B QTOF 

system designed to bring simplicity, 

performance, and robustness for bio-

therapeutic analyses. The new SCIEX 

OS software interface and BioPharma-

View 2.0 processing software provide 

an integrated LC–MS solution for 

experts or novices performing standard 

biotherapeutic characterization. 

Figure 2: An example chromatogram of a 10.0-mg/L standard mixture of 11 cannabinoids 
separated on the Shimadzu Cannabis analyzer using the instrument’s high-sensitivity 
method. Gradient elution conditions with acid-modified water and acetonitrile were 
used with a C18 column.
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Figure 1: An example chromatogram obtained using Cromite’s portable HPLC system. 
Column: 100 mm × 3 mm, 5-μm dp Cromite C18; mobile phase: 70:30:0.5 (v/v/v) water–
acetonitrile–acetic acid; detection: UV absorbance at 275 nm; flow rate: 1 mL/min.
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SPONSORED BY

MarvelXACT: A Worry-Free 
Fitting System for Liquid 
ChromatographyA Q&A

Eric Beemer 

Senior Development Engineer 
and Inventor of MarvelXACT 

IDEX Health & Science

C
hromatographers need and want 

repeatable, reproducible results. A 

key aspect of ensuring such repro-

ducibility is avoiding guess-work when tight-

ening fittings. To learn more about a recent 

innovation in liquid chromatography con-

nections called MarvelXACT, LCGC recently 

spoke with Eric Beemer, senior development 

engineer at IDEX Health & Science.

LCGC: Why did IDEX develop MarvelXACT 
and what kind of field feedback led to it?

Beemer: At IDEX, we’ve done a lot of 

Voice of the Customer (VOC) analysis in 

the field and have had close communica-

tion with customers to understand the pain 

points of chromatography users and to de-

velop a set of criteria from which to work. 

We also have significant chromatography  

experience from our internal lab work 

and incorporated that knowledge into the 

MarvelXACT specifications.

We wanted to develop a “worry-free” fit-

ting. By “worry-free,” I mean no carryover, no 

peak broadening, or any kind of tailing—just 

repeatable chromatography. I think that’s 

what all chromatographers want. The leaks 

that we tend to see with fittings currently 

available on the market have a big impact 

on troubleshooting time and chromatogra-

phy results.

We also wanted to create a fitting that is 

highly re-usable. Ultra high-performance 

liquid chromatography (UHPLC) is typically 

run at very high pressures, and there’s very 

few tubing material and fitting technology 

out there that lends itself to such pressure. If 

fittings are highly re-usable, labs don’t have 

to discard items every time they change 

columns or connections, thereby increasing 

the value of our new technology.

Ease of use is also important. Although 

we have some existing f inger-type con-

nections that don’t require tools, concerns 

about whether they are properly assembled 

still exist. With MarvelXACT, the connection 

is not a concern anymore because it enables 

an exact, proper connection every time.

LCGC: What are the key features of 
MarvelXACT?

Beemer: One key feature is its torque-

limiting mechanism. Torque is important 

because if you don’t have enough torque, 

leaks can develop—and with leaks come 

bad chromatography.

By applying enough torque, you maximize 

the fitting’s sealing potential. If you have 

too much torque, you can damage the 

port or the tubing itself. Once the tubing 

is damaged, an increase in back pressure 

usually occurs, which can be detrimental 

for achieving the flow rates that might be 

required by the analysis.



MARVELXACT: A WORRY-FREE FITTING SYSTEM FOR LIQUID CHROMATOGRAPHY

With MarvelXACT, by having a torque-limiting “click” 

mechanism, the proper amount of torque is provided to 

maximize the seal while preventing too much torque, which 

can limit the tubing’s re-usability and the functionality. The 

click also provides good feedback; you know it has been 

properly assembled. It’s like your automobile’s gas cap. 

When you hear the click, you know that you’ve assembled 

it properly and that it will seal every time.

Another key feature is face-sealing. Face-sealing is basi-

cally how the end of the tubing seals at the bottom of the 

port. No cones, ferrules, or other components are needed. 

A load is applied to the back of the seal to create the seal 

on the front end. MarvelXACT connections are available in 

either stainless steel or all PEEK flow path options, the latter 

providing a flow path that is smooth and very inert, which is 

important for “sticky” applications like protein separations.

LCGC: IDEX launched a new connection about a year 
ago called MarvelX. What are the similarities and dif-
ferences between MarvelXACT and MarvelX?

Beemer: MarvelXACT is really just the advanced version 

of MarvelX. It still utilizes the same tubing and face-sealing 

element, but MarvelXACT builds upon MarvelX by adding 

the torque-limiting mechanism to make it easier to use. 

Nonetheless, much of the mechanism for creating a seal 

and the resulting chromatographic results are the same as 

those previously obtained on the proven MarvelX technology. 

MarvelXACT has been extensively tested to verify a superior 

product incorporating these new elements.

LCGC: Is MarvelXACT a patented technology?

Beemer: Yes; both the torque mechanism and the fitting 

have been granted patents. The tubing itself and the face 

sealing element is patent pending.

LCGC: What is IDEX’s vision on MarvelX technology? 
What should users expect for the near future?

Beemer: IDEX Health & Science is committed to the growth 

of the MarvelX product family as evidenced by the expansion 

of the face-sealing MarvelX technology used in MarvelXACT. 

We’re looking at ways we can use different tubing internal 

diameters and are experimenting with different materials 

such as a new fused silica flow path to try and open up other 

applications of the technology.

IDEX Health & Science is the global authority in fluidics and optics, bringing life to advanced optofluidic technologies with

products, people, and engineering expertise. The company is respected worldwide for solving complex problems and de-

livering complete path innovation for analytical, diagnostic, and biotechnology applications for the life sciences market. As a 

genuine and trustworthy partner, IDEX Health & Science solves its customers’ most demanding challenges with the industry’s

most extensive portfolio of state-of-the-art components and capabilities that are unrivaled in breadth, quality, performance, 

and design. IDEX’s vision of the complete path goes far beyond just meeting its customers’ needs—it anticipates them, with

intelligent solutions for life.

Product offerings include: connections, valves, pumps, degassers, column hardware, manifolds, flow cells, microfluidics 

consumables, sensors, integrated fluidic systems, optical filters, lenses, shutters, laser & light engines, and integrated optical

systems. For more information, visit: www.idex-hs.com



Sciex QTRAP 6500+ LC–MS/

MS—This combined quadrupole–ion 

trap system includes the highly sensi-

tive triple-quadrupole 6500+ MS/MS 

system for high-throughput LC–MS/

MS analysis for both small- and large-

molecule quantitation. The MS system 

is equipped with the multicomponent 

IonDrive technology for enhanc-

ing sensitivity and is capable of six 

orders of magnitude of linearity, up to 

20,000-u/s scan rates and 5-ms polarity 

switching.

Shimadzu LCMS-8045—Shi-

madzu’s LC-MS/MS-8045 system is 

a mid-range triple-quadrupole MS 

system that performs routine quan-

titative analyses in food safety and 

environmental testing. The instrument 

features a scan speed of 30,000 u/s 

without the loss of mass accuracy and 

a polarity switching time of 5 ms. It is 

operated using Shimadzu’s LabSolu-

tions software. A dual electrospray ion-

ization (ESI) and atmospheric-pressure 

chemical ionization (APCI) source is 

available

Shimadzu CLAM-2000 clinical 

laboratory automation module for 

LC–MS—The CLAM-2000 system 

automatically performs all of the 

sample preparation procedures neces-

sary for analyzing blood (from blood 

collection tubes) and other biological 

samples by LC–MS/MS for therapeu-

tic drug monitoring and testing of 

abused drugs.

Thermo Scientific Q Exactive HF—

This compact quadrupole–orbital trap 

hybrid LC–MS/MS system designed 

for rapid quantitation of proteins, 

peptides, lipids, metabolites, and con-

taminants is capable of scan rates up 

to 18 Hz and a maximum resolution of 

240,000 FWHM.

HPLC Accessories 

Agilent 1290 Infinity II preparative 

fraction collector—This automated 

open-bed fraction collector allows effi-

cient and f lexible automated collection 

of up to 432 fractions or volumes up 

to 5.9 L triggered by time-, peak-, or 

mass-based mode.

Analytical Sales and Services Senti-

nel—The Sentinel is a f luid-level indi-

cator for monitoring up to three bottles 

of waste or mobile-phase containers 

and is equipped with status display and 

alarm functions.

Biotech AB DEGASi Compact and 

Prep+ degassers—Two new degassers 

were introduced: The DEGASi Com-

pact degasser with a small internal vol-

ume and the DEGASi Prep+ degasser 

that supports preparative HPLC, f lash 

chromatography, and high-throughput 

applications.

ECOM ECF 2096 fraction collec-

tor—The ECF 2096 automated frac-

tion collector collects up to 48 tubes of 

8-mL volumes. 

JM Science Sonic reservoir system—

A monitoring system for up to three 

HPLC reservoirs and waste contain-

ers using sonic detection and an LED 

display.

Chromatography Data System 

and Other HPLC-Related  

Software

Agilent OpenLAB CDS 2.1—This 

newest version of OpenLAB CDS 

provides a networked or standalone 

environment that combines ease of 

use with rigorous regulatory compli-

ance. This latest platform is an LC-, 

GC-, LC–MS-, and GC–MS-capable 

CDS for the QC laboratory with 

strong data integrity and audit trail 

review capabilities. Version 2.1 con-

tains many new features including 

an extended support for non-Agilent 

instruments and improvements MS 

quantitation, peak integration and 

reporting. Figure 3 shows a screen 

shot of the Agilent OpenLAB CDS 

with four tiled panels for data process-

ing, chromatograms, peak analysis, 

and processing methods.

ChromPerfect SL—ChromPerfect 

introduces a CDS for small or mobile 

laboratories that controls up to four 

chromatographs with web-based and 

Windows 10 operating systems. It is com-

patible with tablets with data processing, 

reporting, and analysis functions.

DataApex Clarity v.7.2 CDS—The 

Clarity v.7.2 advanced CDS operates 

under Windows 10 and can be con-

nected to four instruments and up to 32 

data channels. Its optional control mod-

ules provide integrated control of selected 

instruments. Extensions are available for 

diode-array detectors, gel permeation 

chromatography (GPC) analysis, MS 

(single quadrupole and time of flight), 

and system suitability testing.

Figure 3: A screen shot of the Agilent OpenLab 2.1 CDS showing four tiled panels 
on data processing, chromatograms, peak analysis, and processing methods.
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GUIDE PRICING TO ASSIST YOUR BUDGETING. 

Scale-up mg/g/10’s grams, Laboratory Scale to Multiple Tonnes Per Annum, Process Scale.

If your Liquid-Liquid Chromatography, CCC or CPC budget below UK POUNDS:

 20,000 Consider Laboratory-Scale Quattro CCC or CPC IntroPrep™

 50,000 Consider Laboratory-Scale Quattro CCC or CPC QuikPrep™ or LabPrep™

 100,000 Consider PilotPrep™, Non-Atex 2 to 4.5 Litre, CCC, or CPC (Uniquely we use Titanium CPC rotors)

 140,000 Consider multiple PilotPreps™, Non-Atex 2 to 4.5 Litre, CCC or CPC

  Or consider Atex rated ProcessPrep™ 6+ Litre CPC (Uniquely we use Titanium CPC rotors)

 500,000 Consider 25 Litre Partitron CPC™ or multiple Quattro PilotPrep™/ProcessPrep™

Partitron CPC with 4 to 6 litre demo 

rotor available for short-term hire, at 

discounted prices, for non-ATEX or ATEX 

research or process trial applications, 

prior to purchase consideration.

Take crude tar like sample. 

CCC or CPC can potentially 

obtain pure targets in one 

run, without fear of column 

contamination or compound loss.

Quattro CCC & CPC for use standard solvent 

extractions/chromatography, and for use with ionic 

liquids, liquid ion exchange or chelating agents. Option 

remote electronics/touchscreen computer for use 

extreme-hazards glove-box applications.

Website: www.quattroprep.com��J���;/7:��aecs@gmx.com

Contact AECS-QuikPrep Ltd. Managing Director personally on Int. UK Code: 783 876 1524

NEW EXCLUSIVE COUNTRY DISTRIBUTORS REQUIRED.

Why consider Liquid-Liquid Chromatography for your preparation?
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Waters Empower Cloud—Waters 

announced a release of cloud-based 

Empower 3 (feature release 4) avail-

able through Amazon Web Services in 

late 2017. This cloud-based CDS plat-

form is particularly suited for pharma-

ceutical companies to reduce costs for 

implementation and maintenance and 

can support globally all subsidiaries 

and contract organizations.

ACD/Labs AutoChrom 2016 ver-

sion—This automated HPLC method 

development software uses predictive 

simulation and can interface with both 

UV and MS detection. This version 

includes overlaid logD curves, better 

peak tracking, and an enhanced col-

umn data base with Tanaka parameters 

and superficially porous particle col-

umns. It also has better connectivity 

to Chromeleon 7, Empower, and other 

MS data systems.

ACD/Labs LUMINATA—LUMI-

NATA multitechnique software offers 

comprehensive data aggregation 

for impurity characterization and 

knowledge management applied to 

pharmaceutical development applica-

tions. Figure 4 shows a screen shot 

from this software displaying multiple 

panels including the overall synthetic 

scheme of the drug substance, a table 

of potential impurities, and the data 

associated with each impurity (HPLC 

chromatogram, UV, and mass spectra).

ACD/Labs MetaSense—MetaSense 

software uses LC–MS data as part 

of its workf low in metabolite iden-

tification. It facilitates faster, easier, 

and more accurate detection and 

identification of predicted and unex-

pected metabolites. Built on the ACD/

Spectrus platform, MetaSense offers 

functionalities including the facilita-

tion of decision-support and effective 

knowledge sharing throughout organi-

zations as well as the ability to support 

LC–MS analytical data from most 

instrument vendors.

JASCO method scouting software—

JASCO offers a method scouting soft-

ware for automated solvent and column 

screening with up to 10 solvents and 

10 columns. It also supports multiple 

detectors and can be configured for 

use with up to 30 columns and parallel 

screening.

S-Matrix Fusion QbD method 

development software v. 9.8.0—The 

Fusion QbD software for automated 

LC method development using prin-

ciples of quality by design (QbD) and 

design of experiments (DOE) has been 

updated to include an enhanced user 

interface with an integrated chromato-

gram viewer, new project management 

capabilities with extended data secu-

rity, additional support for GC and 

capillary electrophoresis (CE) method 

development, and increased instrument 

support for most HPLC and UHPLC 

systems, including hybrid systems.

Thermo Scientific Chromeleon 7.2 

SR5 CDS—The Chromeleon CDS is 

a multitechnique, multivendor scal-

able platform for GC, LC, IC, and 

MS applications and includes a unique 

workflow automation called eWork-

flows. The new platform is optimized 

for large-scale installation for thou-

sands of users and instruments with 

data integrity features for regulatory 

compliance. This latest platform is 

designed particularly for MS analy-

sis including biotherapeutics and is 

equipped with capabilities for auto-

mated target mass analysis for both 

LC–MS and GC–MS.

Thermo Scientific AppsLab methods 

library—The latest AppsLab library is 

a searchable online repository for easy 

access to chromatography and MS 

application databases including ana-

lytical methods, chromatograms and 

related compound information (1886 

applications and 380 ready-to-use 

eWorkflows for Chromeleon CDS.

Concluding and  

Personal Remarks 

Most analytical chemists come to 

Pittcon for professional development 

and networking. My schedule this 

year included teaching several short 

courses on HPLC, UHPLC, and 

method development, and chairing 

an invited symposium on UHPLC 

method development in pharmaceuti-

cal analysis. My networking events 

included a Chrom Mixer sponsored 

by Chrom Forum Delaware Valley in 

memory of Jack Kirkland (more than 

500 attendees), a networking dinner 

event with the Chinese American 

Chromatography Association (CACA) 

attended by more than 120 confer-

ees (featuring a lecture by Dr. Perry 

Wang of the US FDA on the perfect 

marriage of HPLC and MS), and the 

annual Pittcon presidential reception, 

where I personally thanked many 

Pittcon staff and program chairs.

I spent considerable time on the 

exposition f loor to verify informa-

tion on new HPLC products for this 

column installment. I returned home 

Thursday night, slept late and woke 

up to find 4 inches of snow on the 

ground in Connecticut. We were lucky 

as the weather can be unpredictable 

in early March in Chicago, as well as 

the Northeast. Rumor says that next 

year will be the last year for Pittcon 

in Orlando because the vendors com-

Figure 4: A screen shot of ACD/Labs LUMINATA software displaying multiple panels 
of an overall synthetic scheme of a drug substance, a table of potential impurities, and 
the data associated with each impurity (HPLC chromatogram, UV, and mass spectra).
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shodexhplc.com

Other GFC polymer column baseline

Shodex OHPak LB-806M baseline

OHPak LB Series

Flattest Baseline for Light Scattering

plained about conference attendees vis-

iting Disney World instead of the expo-

sition. I love Orlando because of the 

excellent restaurants and the warmer 

weather—and I plan to visit both the 

exposition and the theme parks.

This installment provides a brief and 

nonexhaustive overview of new HPLC 

product introductions (systems, mod-

ules, MS, CDS, software, and related 

products) at Pittcon 2017 and during 

the prior year. Readers should contact 

manufacturers for additional technical 

details. Note that new HPLC columns 

are covered separately in LCGC ’s “Col-

umn Watch” annual review by David 

Bell. The opinions expressed in this 

installment are the author’s own and 

bear no reflections on those of LCGC 

magazine, the Pittsburgh Conference, 

or any other organizations.
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Maximization of Selectivity in Reversed-

Phase Liquid Chromatographic 

Method Development Strategies

The selectivity of different combinations of organic modifiers, pH, 

and types of reversed-phase liquid chromatography (LC) materials 

has been characterized using Tanaka column characterization, linear 

solvent energy relationships (LSER), and selectivity correlations. 

The three characterization techniques highlighted the potential 

complementary selectivity of these phases and conditions as well 

as the type and dominancy of some of the retention mechanisms 

involved. Subsequently, selectivity differences were proven to 

be valid in the practical separation of acids, bases, and neutral 

analytes. This paper aims to help chromatographers to produce 

highly efficient method development strategies for reversed-

phase LC separations in a relatively short time frame.

A 
range of columns are avail-

able on the market for small 

molecule reversed-phase liquid 

chromatography (LC) method develop-

ment strategies. These types of columns 

are purported to possess complementary 

selectivities in order to maximize the 

probability of separating all components 

in a mixture. Reversed-phase LC materi-

als complementary to the ubiquitous and 

standard C18 include pentafluorophenyl 

(PFP), phenyl, cyano (CN), extended 

polar selectivity, and polar embedded 

group (PEG) phases. In addition to a 

hydrophobic retention mechanism, these 

types of phases can offer additional (aug-

mented) retention mechanisms such as 

π-π, dipole–dipole, dipole-induced dipole, 

hydrogen bonding, ion-ion, ion-dipole, 

ion-induced dipole, and steric interac-

tions (1) when compared to conventional 

C18 phases. Retention of analytes on 

reversed-phase LC materials is dependent 

on the dominancy or proportion of each 

stationary–mobile phase–analyte interac-

tion that occurs. 

There is a growing trend within many 

industries, and particularly within the 

pharmaceutical sector, to utilize reversed-

phase LC column and solvent switching 

strategies to rapidly assess which combi-

nation of stationary and mobile phase is 

the most suitable to progress into reten-

tion modeling and optimization studies 

(2). 

This article presents an unbiased and 

in-depth evaluation of a representa-

tive range of complementary stationary 

phases from a single manufacturer that 

are recommended for reversed-phase LC 

method development strategies. The five 

totally porous stationary phases investi-

gated are based on the same silica, utiliz-

ing the same monofunctional bonding 

and endcapping technologies that gen-

erate phases of approximately the same 

surface coverage and hydrophobicity. It 

is well known that reversed-phase LC 

materials that possess the same bonded 

ligand on differing base silica can yield 

products with differing chromatographic 

properties (3). Hence, there was a need to 

limit the study to a single manufacturer’s 

range of materials so that the underlying 

silica chemistry would not confuse any 

interpretations and that any differences 

in chromatographic selectivity observed 

would be attributed only to the differ-
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ences in the type of ligands. It is expected that similar deduc-

tions regarding selectivity should be valid in respect of another 

manufacturer’s method development phases. In addition, the use 

of high-pH-stable phases (both totally porous and superficially 

porous) has been evaluated in terms of chromatographic selectiv-

ity as a function of pH, organic modifier, and stationary-phase 

chemistry. Empirical-based approaches (that is, principal com-

ponent analysis [PCA], column characterization, and selectivity 

correlations) and a model-based approach (linear solvent energy 

relationships [LSER]) have been employed to provide a scientific 

rationale for the use of complementary stationary- and mobile-

phase combinations.

Experimental

Experimental work was performed on Agilent 1260 and 1290 

LC systems. All columns were of 50 mm × 2.1 mm format and 

a particle size of 2.5 and 3 μm, respectively, for the superficially 

porous and totally porous materials unless otherwise stated. 

Table I details the columns investigated. As mentioned previ-

ously, columns from the same manufacturer were chosen so that 

differences in chromatographic selectivity observed would be 

attributed solely to the differences in the type of ligands and not 

different silica chemistries from different manufacturers. 

Their integrity was assessed periodically throughout the runs 

by injecting a standard of toluene. pH measurements were 

recorded in the aqueous fraction of the mobile phase. PCA was 

performed using Simca-P+ version 11.5 software (Umetrics). To 

give all variables the same importance, the variables were “auto 

scaled”; that is, the average was subtracted from each variable 

and each variable was divided by its standard deviation. Physi-

cal properties, logD, and pKa determinations of analytes were 

performed using ACD/Percepta v 2015 (ACD/Labs). Multivari-

able regression analysis, Fisher F test, and selectivity correlations 

were performed using Microsoft Excel.

Results and Discussion

Column chromatographic properties and hence the selectivity 

of stationary phases are commonly assessed by comparing the 

retention differences between analytes of well-defined physical 

or chemical properties—see reference 4 for a review on col-

umn characterization databases and procedures. Popular pro-

tocols include the PQRI (5,6), NIST 870 methodology (6,7), 

University of Leuven (8), the supercritical fluid chromatogra-

phy method (9), and the Tanaka (10) plus its extended vari-

ant (3,11–14) approaches. All of these approaches are equally 

valid in comparing column selectivity. The extended Tanaka 

approach determines chromatographic parameters that are 

associated with hydrophobicity (kPB, αCH2), steric or shape 

selectivity (αT/O), hydrogen bonding capacity (αC/P), ion-

exchange capacity at pH 2.7 and 7.6 (αB/P), aromatic selectivity 

(αTNB/T), phenolic selectivity (αP/BA), and dipole–dipole inter-

actions (α1,2-/1,4-DNB). 

An alternative approach is that of LSER, which involves a 

series of analytes of well-defined structural properties chroma-

tographed on each column using either methanol or acetonitrile 

(15,16). Multiple regression analysis of the analyte’s retention 

against their Abraham’s solvatochromic solute parameters (17) 

allows a number of stationary phase properties to be determined.

The life science business of Merck KGaA, Darmstadt, 
Germany operates as MilliporeSigma in the U.S. and 
Canada.

Copyright © 2017 EMD Millipore Corporation. All Rights Reserved. 
MilliporeSigma and the vibrant M are trademarks and Chromolith and 
Purospher are registered trademarks of Merck KGaA, Darmstadt, 
Germany. Ascentis is a registered trademark of Sigma-Aldrich Co. LLC. 
or its affiliates.

Brighter  
Separations

 
-

sigma-aldrich.com/hplc-columns 

 
 

%�	" �����������!���� ���� ���!� ®  
�#���   – Efficiency – Peak symme-
try – Wide range of phases 

%�	"��$�����" ����!���� ���

"�� ����® STAR – 100% aqu-   
ous phase compatibility – pH stability 
1.5 – 10.5 – Column/batch reproduc-
ibility – High loadability

�!�!�����!�����!�

��
���"�� ����� ���������
�"�� ����������$�"�����������
��������!��� "�! 

%�������!��������������!�
   Low backpressure – Long lifetime - 

Suitable for dirty samples – Available 
in micro format

®



260 LCGC NORTH AMERICA VOLUME 35 NUMBER 4 APRIL 2017 www.chromatographyonline.com

An assessment of the chromatographic 

selectivity between two sets of station-

ary- and mobile-phase conditions can be 

conveniently derived from the correlation 

of the retention times of a structurally 

diverse set of analytes chromatographed 

using both LC conditions (18).

This article will describe the charac-

terization of a range of complementary 

reversed-phase LC phases (based on the 

same base silica) using the extended 

Tanaka, chromatographic selectiv-

ity, and LSER approaches. It will also 

assess the practical usability of these 

reversed-phase materials in method 

development strategies.

Tanaka Column Characterization 

Approach: PCA (19,20) is a general tool 

for interpretation of large data tables. In 

PCA the number of variables (the column 

characterization parameters) is reduced 

by a projection of the objects (the sta-

tionary phases) onto a smaller number 

of new variables termed principal com-

ponents (PC). The PCs are orientated 

so that the first PC describes as much as 

possible of the original variation between 

the objects. The second PC is orientated 

in an orthogonal manner to the first PC 

and is directed to describe as much as 

possible of the remaining variation and so 

on. The projection of objects onto a PC 

is called scores—by plotting the scores 

for two PCs it is possible to graphically 

find similarities and differences between 

objects. The distance between objects in 

a score plot shows if they are similar or 

different. How much of each of the origi-

nal variables that are included in a PC is 

described by so-called loadings, one for 

each variable. By plotting the loadings for 

the two PCs and superimposing it onto 

the score plot, it is possible to see which of 

Table I: Extended Tanaka parameters for columns from a single manufacturer

Generic Column 

Name
Column Name k

PB 
α

CH2
 α

T/O 
α

C/P
 

α
B/P 

pH 7.6
 

α
B/P pH 

2.7 

α
TNB/T 

α
P/BA 

α
1,2-DNB/

1,4-DNB
 

TPP C18 ACE C18 5.44 1.48 1.56 0.38 0.32 0.11 0.16 0.98 0.98

TPP Phenyl ACE C18-AR 4.50 1.42 1.74 0.75 0.35 0.12 0.62 1.00 0.95

TPP PFP ACE C18-PFP 4.33 1.38 3.09 0.53 0.30 0.10 0.26 1.20 1.74

TPP Cyano ACE CN-ES 2.19 1.30 4.57 0.17 0.22 0.05 0.37 1.75 1.85

TPP PEG ACE C18-Amide 4.09 1.41 2.07 0.26 0.21 0.08 0.24 1.62 1.14

High pH TPP C18 ACE SuperC18 7.93 1.49 1.46 0.44 0.18 0.11 0.16 0.99 1.18

High pH SPP C18 ACE UltraCore SuperC18 6.33 1.49 1.46 0.39 0.32 0.09 0.14 0.99 1.19

High pH SPP Phenyl ACE UltraCore SuperPhenylHexyl 2.63 1.36 1.11 0.68 0.32 0.09 0.62 1.00 1.15

TPP = Totally porous particle (ACE range)
SPP = Superficially porous particle (ACE UltraCore range)
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the original variables are the most impor-

tant (the longest distance from the origin) 

and if any variables are correlated (the 

same or opposite directions on a straight 

line through the origin). The reason why 

two objects are different can easily be 

determined with a so-called contribu-

tion plot. This type of plot shows which 

variables (that is, the chromatographic 

parameters) cause a difference between 

two objects (the stationary phases).

From the PCA score plot (see Figure 1) 

of 13 × C18, 5 × PFP, 6 × phenyl, 8 × 

PEG, and 2 × cyano stationary phases, 

from a range of manufacturers (both 

superficially [SPP] and totally porous 

particles [TPP] of 2.5–3.5  μm), based 

on their Tanaka column characterization 

data (column details can be supplied by 

the authors on request) the heterogeneous 

nature of the PFP, phenyl, PEG, and 

cyano class of phases can be clearly seen 

as demonstrated by the distance between 

them. This is attributed to the difference 

in silica, pore size, bonding functionality, 

type of endcapping, and, more impor-

tantly, differences in the silanes used. For 

example, it has previously been shown 

that the length of the alkyl spacer between 

the silica and the phenyl moiety can have 

a profound effect on the resultant chro-

matographic properties of the phase (11). 

The PCA results also highlight the diver-

sity within different classes of phases as 

reported previously for PFP (12) and PEG 

(13). In contrast, the new generation C18 

phases appear to be clustered more closely 

together, highlighting their more similar 

chromatographic properties. 

The importance of using the same 

base silica was highlighted in Figure 2 in 

which identical C18 bonding was applied 

to a Type A and Type B silica. The acidic 

nature of the Type A silica compared to 
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Figure 1: PCA score and loading plot of a representative range of phases using 
the standard Tanaka column characterization protocol. The Tanaka column  
characterization data have been taken from the ACD database (21).
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the Type B silica produced a markedly dif-

ferent selectivity and even caused irrevers-

ible adsorption of the bases remacemide 

and nortripyline (peaks 4 and 6) onto 

the Type A silica C18 phase. Therefore, 

if meaningful interpretations regarding 

ligand–mobile phase–analyte interactions 

are to be made, then the ligands must be 

bonded onto the same base silica.

The PCA score plot (Figure 3) of the 

six TPP (3 μm) and two SPP (2.5 μm) 

phases from a single manufacturer using 

the extended Tanaka parameters (see 

Table 1) illustrates that these phases pos-

sess complementary chromatographic 

properties as demonstrated by the dis-

tance between them. However, the two 

phenyl phases (the TPP phenyl and the 

high-pH SPP phenyl) are chromato-

graphically similar overall but very dif-

ferent from their porous and superficially 

porous C18 phases counterparts. The 

extended pH range phases, while being 

chromatographically similar to their con-

ventional versions, have the added advan-

tage that they can be employed with 

high-pH mobile phases.

PCA contribution plots of each com-

plementary phase against the standard 

C18 phase highlight the chromato-

graphic differences that occur between 

them (data not shown). For example, 

the phenyl phases possessed additional 

aromatic selectivity (that is, π-π interac-

tions as shown by increased αTNB/T and 

αC/P parameters [in addition to assess-

ing hydrogen bonding selectivity, the 

latter term also assesses the π-π interac-

tion of caffeine with phenyl moieties]); 

the PFP phase additional dipole–dipole 

(α1,2-/1,4-DNB), apparent steric/shape 

selectivity (αT/O), and aromatic selectiv-

ity; the PEG phase additional phenolic 

selectivity (αP/BA) and decreased silano-

philic interactions (αB/P); the CN phase 

additional dipole–dipole, apparent steric/

shape selectivity, phenolic selectivity, and 

decreased silanophilic interactions; and 

the high-pH-stable TPP C18 possessed 

enhanced hydrophobicity (kPB, αCH2), 

and decreased silanophilic activity at pH 

7.6 compared to the standard C18 phase. 

Linear Solvent Energy Relationships 

(LSER): The retention of the eight phases 

from one manufacturer was characterized 

by employing LSER using Abraham’s sol-

vatochromic solute parameters (17) and 

studying the retention of 30 disparate sol-

utes (22,23). The stationary phases were 

investigated with either methanol–water 

or acetonitrile–water gradients contain-

ing 20 mM ammonium formate at pH 3. 

Retention time (tR) in gradient 

reversed-phase LC can be correlated with 

various fundamental solute properties as 

described in equation 1 (22):

tR = c + eE + sS + aA + bB + vV [1]

where capitals indicate the solute prop-

erties while the properties of the sepa-

ration conditions (system coefficients) 

are indicated by lower case letters in 

italics. The contribution from electron 

pair interactions is defined by eE, inter-

actions of a dipole type by sS, hydrogen 

bond interactions aA and bB, and differ-

ences in cavity formation and dispersion 

interactions in the mobile and station-

ary phase by vV. Solute descriptors are 

E, excess molar refraction; S, dipolar-

ity/polarizability; A, effective hydrogen 

bond acidity; B, effective hydrogen bond 

basicity; and V, McGowan’s volume. The 

ES911066_LCGC0417_262.pgs  04.03.2017  23:25    ADV  blackyellowmagentacyan
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intercept c and the regression coefficients 

e, s, v, a, and b are characteristic of the 

particular mobile and stationary phase 

combination and are obtained by multi-

variable linear regression of the retention 

times against the solute descriptors. 

LSER regression coefficients and their 

corresponding statistical descriptors 

using equation 1 were determined for the 

eight stationary phases using either meth-

anol or acetonitrile. The goodness of fit of 

the equations was acceptable (r2 > 0.95) 

and the validity of the regression hypoth-

esis was demonstrated for all column and 

mobile phase combinations by the Fisher 

F-test (F > 90) (Data can be supplied by 

the authors on request). By comparing 

the coefficients of equation 1, the rela-

tive effects of different stationary phase 

properties can be revealed and thus assist 

in the understanding of which retention 

mechanism is responsible for the comple-

(a)

(b)

Type B silica based C18 phase

Type A silica based C18 phase

1

2

3
4 5 6

1

2

3 5

0 2 4 6 8 10 12

Time (min) 

Figure 2: Isocratic chromatography of five basic analytes plus phenol as a neutral ana-
lyte using 20 mM KH2PO4, pH 2.7, in 54.5:45.5 (v/v) water–methanol, 1 mL/min, 60 °C, 
λ = 210 nm, 150 mm × 4.6 mm, 5-μm. (a) Type B silica–based C18, (b) Type A silica–based 
C18. Peaks: 1 = phenol, 2 = proprietary base X, 3 = proprietary base Y, 4 = remacemide, 5 
= diphenhydramine, 6 = nortripyline.
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mentary selectivity observed between 

these reversed-phase LC materials. 

Highlights from the LSER study are 

given below. A positive coefficient indi-

cates that the respective molecular inter-

action is stronger in the stationary than 

in the mobile phase and hence increases 

retention. This is the case for v (measure-

ment of cavity formation and dispersive 

interactions) and e (n- and π-electron 

interactions) coefficients. The magni-

tude of these two coefficients indicates 

that cavity formation together with dis-

persion is far more critical than electron-

involved type interactions. A negative 

coefficient indicates molecular forces 

are more favorable in the mobile phase 

and hence decrease retention. Hydrogen 

bond donor and acceptor interactions 

and dipole-type forces fall into this class. 

The size of the coefficients highlights 

that solute molecular size and hydrogen 

bonding acceptor-basicity are the two 

main dominant retention controlling 

factors. 

The e coefficient describes the solvated 

stationary phase and mobile phase ability 

to interact with solutes possessing n- and 

π-electrons. The larger e coefficients for 

the PEG, phenyl, CN, and PFP phases 

(compared to the C18 phase) suggest 

that solutes capable of donating n- and 

π-electrons are retained longer on these 

phases. 

The PEG phase exhibited enhanced 

hydrogen bond basicity (a coefficient) 

than the other phases as a consequence 

of the amide functionality embedded in 

the silane ligand.

The phenyl and PFP phases displayed 

a greater ability to interact with solutes 

possessing π-electrons (e coefficient) via 

the phenyl and pentafluorophenyl func-

tionality than the C18 phase. 

When the value of these terms in either 

methanol or acetonitrile was analyzed 
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Figure 4: PCA score and loading plot of the LSER coeffi cients for the columns
evaluated as a function of organic modifi er used.
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by PCA the score plot demonstrated 

that larger selectivity differences were 

observed in methanol compared to ace-

tonitrile (Figure 4). Hence, in method 

development strategies, it is strongly rec-

ommended that methanol be evaluated if 

possible, in addition to the ubiquitously 

used acetonitrile.

Selectivity Correlations: A mea-

surement of chromatographic selectiv-

ity between two sets of stationary- and 

mobile-phase conditions can be conve-

niently derived from the correlation of 

the retention time of a set of structurally 

diverse analytes chromatographed using 

both sets of LC conditions.

The selectivity correlations were deter-

mined using equation 2, where r2 = cor-

relation coefficient between the retention 

times of the two phases under specified 

LC conditions (18). S values of 0 and 100 

signify columns of equal and orthogonal 

retention selectivity:

S = 100 √1 – r2

 
[2]

A range of 45 analytes (10 acids, 11 

bases, 14 neutrals, and 10 phenols) of 

differing physical properties was selected 

(the diversity of the set of analytes was 

proven by PCA score plots that high-

lighted the wide difference between the 

different classes of analytes and also 

within each class—data not shown) to 

produce the selectivity values shown in 

Table II.

Table II demonstrates the similarity 

between TPP C18 and high-pH TPP 

and SPP C18 phases; for example, S val-

ues of < 9 were observed between the 

extended pH range and the conventional 

C18 phases in methanol and acetonitrile; 

this is also true for the TPP phenyl and 

high-pH SPP phenyl phases. In com-

parison, S values between 15 and 25 are 

observed between the C18 phase and  

the four complementary phases in metha-

nol, while the range is 11–20 for aceto-

nitrile, suggesting reduced selectivity 

differences in acetonitrile compared to 

methanol.

The importance of organic modifier 

was highlighted by S values of between 

17 and 30 being obtained when methanol 

and acetonitrile were compared with the 

same phases. Evaluating both stationary 

phase and organic modifier combinations 

generated S values in the range of 17 to 37, 

highlighting the usefulness of evaluating 

both stationary phase and organic modi-

fier selectivity parameters in method 

development strategies.

The selectivity differences between 

the C18 and phenyl containing TPP 

and SPP phases were maintained (TPP, 

S = 19 and 13 in methanol and acetoni-

trile, respectively; SPP, S = 18 and 13 in 

methanol and acetonitrile, respectively), 

which should give the chromatographer 

reassurance that complementary selectiv-

ity can be maintained and exploited in 

either TPP or SPP range of phases. 

There appeared to be only minor 

selectivity differences (S = 6 in either 

methanol or acetonitrile) between the 

TPP and SPP C18 phases that should be 

highly beneficial in method translation 

exercises. However, the high-pH SPP 

C18 possesses reduced hydrophobic-

ity compared to its TPP variant (kPB = 

7.93 compared to 6.33 for the TPP and 

SPP, respectively). This may, in part, 

be attributed to their difference in sur-

face area. The same is true for the TPP 

phenyl and high-pH SPP phenyl phases 

because low selectivity values of 8 and 

4 were obtained in methanol and aceto-

Figure 5: Gradient chromatography of paracetamol and related compounds on 
(a) ACE C18, (b) ACE C18-AR, (c)  ACE C18-PFP, (d) ACE C18-Amide, and (e) ACE  
CN-ES phases (100 mm × 3 mm, 2-μm) gradient 5–95% B in 10 min, 1.2 mL/min, 40 °C, 
λ = 210 nm. Mobile-phase A: 20 mM ammonium acetate in water, pH 6; mobile-phase 
B: 20  mM ammonium acetate, pH 6, in 9:1 (v/v) methanol–water. Peaks: 1 = 4-ami-
nophenol, 2 = hydroquinone, 3 = 2-aminophenol,  4 = paracetamol, 5 = 2-acetamido-
phenol, 6 = phenol, 7 = 4-nitrophenol, 8 = 2-nitrophenol, 9 = 4-chloroacetanilide,  
10 = 4-chlorophenol.
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C
omprehensive testing for the presence of pesticide residues in food requires the applica-

tion of both liquid chromatography (LC) and gas chromatography (GC) coupled to mass 

spectrometry. In particular, interest is growing in the use of full-scan High-Resolution 

Accurate Mass (HRAM) mass spectrometry (MS) such as the Thermo Scientific™ GC 

Orbitrap™ MS system for both the quantitation of target pesticides and non-targeted screening 

of unexpected pesticides, simultaneously in a single workflow. Historically, developments in 

GC-HRAM-MS have lagged behind those in LC-HRAM-MS, but the adoption of GC-HRAM-MS 

has been increasing recently. LCGC spoke with Prof. Amadeo R. Fernández-Alba, PhD, 

professor at the University of Almería in Spain, to share his thoughts on developments in 

GC-HRAM-MS technology and the prospects for the use of these powerful instruments for 

routine analysis in the future.

LCGC: Can you give us a brief overview of your experience with GC-HRAM-MS technology 
for pesticides analysis?
Fernández-Alba: We started working with time-of-flight high-resolution mass spectrometry 

(ToF-HRMS) instruments about 17 years ago. Around that time, in addition to teaching analytical 

chemistry, I founded the Agroalimentación (AGR) research group at the University of Almería in 

1996 with the goal of facilitating the commercialization of fruits and vegetables in Europe. While 

the quality of ToF-HRMS data was good, retrieving and evaluating the information was time 

consuming and labor intensive. In addition, the mass accuracies at that time were much lower 

than those that can be achieved today. Since then, mass spectrometry platforms have evolved 

tremendously, especially with the development of the Thermo Scientific™ GC-Orbitrap™ 

technology enabling GC-High Resolution Accurate Mass (HRAM) mass spectrometry (MS). 

Important upgrades have improved systems’ sensitivity, selectivity, the quantitation capabilities, 

and offered more comprehensive and faster software for data treatment. All these improve-

ments allow HRMS and HRAM technologies to work with similar workflows as triple-quadrupole 

mass spectrometry (triple-quad MS) while offering several advantages.

LCGC: What do you consider to be the main benefits of modern GC-HRAM-MS technology?
Fernández-Alba: The first advantage is that it works in full scan every time. This capability means 

that we cannot only detect or identify targeted compounds, but we can also determine extra 

components that we did not predict we would find in our sample.

The second advantage, which is very important for routine labs, is that we can include new 

components within the scope of the method more easily than with triple-quad MS. In the case 

of triple-quad MS, we must target preselected ions to determine the voltage needed to get 

transitions. With GC-Orbitrap MS systems, we can work in full scan with electron ionization, 

which means that the inclusion of new components in the analysis is very fast and easy.

It’s also important to consider that in the last year, companies have introduced new instru-

ments that are even more sensitive than others previously available. The sensitivity that we can 

achieve with GC-Orbitrap MS technology is now similar to that of triple-quads.

Amadeo R. Fernández-Alba, PhD  

Professor, European Reference 
Laboratory for Pesticide Residues 

in Fruits and Vegetables, Analytical 
Chemistry Dept. 

University of Almería, Spain
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LCGC: Please describe some specific applications of 
modern GC-HRAM-MS technology that you are most 
excited about.
Fernández-Alba: Pesticide residue analysis is one for sure 

important because full-scan analysis is always a benefit for 

identification and management of the analytical scope.

What is probably the most impressive of all new applica-

tions are those related to situations where the target list of 

analytes is very extensive and a non-target analysis approach 

is necessary. Also, laboratories can use the technology to 

improve the overall scope of their analytical capabilities. For 

instance, this might be useful for analyzing food contact 

materials or investigating food fraud.

One must also consider the accurate mass aspect of 

GC-Orbitrap MS technology. Electron ionization (EI) makes 

analysis with this technology possible without having to obtain 

MS2 (MS/MS) data. This makes the analysis simpler and easier 

with identification criteria based on mass accuracy and ion 

ratio of the EI fragment ions.

LCGC: Are you aware of any limitations with using 
GC-HRAM-MS?
Fernández-Alba: I don’t see any disadvantages at the moment. 

GC-HRAM-MS is a new technology for many routine labs, 

and it takes time to become proficient in different types of 

instrumentation. At the moment, the gold standard is triple-

quad MS instruments. As I mentioned earlier, the sensitivity 

that is now possible with new GC-Orbitrap MS technology 

is on par with that of triple-quads, which will help speed the 

introduction of this new technology into laboratories.

It’s only a matter of time before lab personnel will be trained 

in GC-HRAM-MS, and I don’t anticipate difficulties with ana-

lysts adopting this new technology.

LCGC: Do you know the percentage of laboratories cur-
rently using full-scan GC-HRAM-MS and LC-HRAM-MS for 
pesticides analysis in Europe and the rest of the world?
Fernández-Alba: In Europe, about 20 percent of pesticide 

residue control laboratories are currently working with HRAM 

and HRMS, and these groups are primarily using it for LC.

The introduction of HRAM-MS for GC has not happened 

at the same rate, so the percentage of labs working with 

GC-HRAM-MS is much lower than LC-HRAM-MS.

Some labs may be under the outdated impression that 

GC-HRAM-MS is too expensive or too limited to warrant its 

investment. One point to consider is that typically all new 

technology is more expensive in the first few years after its 

launch because of the large R&D efforts required to advance 

the market in a new direction. After the initial thrust, costs 

are often dramatically reduced. This is also the case for 

HRAM-MS. Investment in this technology was once quite 

high in comparison to TQ. Recently, we have seen the intro-

duction of more affordable GC-HRAM-MS instrumentation, 

the Thermo Scientif ic™ Exactive™ GC Orbitrap GC-MS 

system, designed specially for routine anlysis. As more 

laboratories become interested in using all the benefits  

of this new technology, the costs will hopefully be reduced 

even more.

In non-European countries, I don’t have a clear idea of the 

percentage of laboratories that have adopted HRMS and 

HRAM-MS. I recently returned from visiting several countries 

in Latin America, and I would guess that the level of adop-

tion is much lower there—around two or three percent. It is 

clear, however, that laboratories are very interested in taking 

advantage of this new full-scan technology, so I believe that 

the adoption of the technique in the rest of the world will soon 

be like that of Europe.

LCGC: Do you think GC-HRAM-MS technology will 
become as popular as triple-quadrupole technology for 
pesticides analysis?
Fernández-Alba: The analytical performance of these instruments 

is comparable to triple-quad technology, and GC-Orbitrap MS 

technology has several advantages derived from the combina-

tion of its high resolution and excellent mass accuracy. It’s 

important to note that high resolution and high mass accuracy 

do not automatically go hand in hand for all technologies. This 

is an important consideration for laboratories because high 

resolution is only useful if the instrument also offers accurate 

mass, which is the case with GC-Orbitrap MS systems. If 

these two characteristics are not present in combination, one 

may not be able to achieve the desired results. So, yes, I 

believe GC-HRAM-MS will achieve similar popularity to that 

of triple-quad technology in routine laboratories.

LCGC: Laboratory guidelines relating to HRAM-MS are 
not harmonized worldwide. Do you have any thoughts on 
prospects for harmonization?
Fernández-Alba: In the area of pesticide residue analysis, 

we work with especially strict controls and guidelines for 

the identification of components. But, it’s important to note 

that both HRAM-MS and triple-quad MS provide data that 

comply with regulatory guidelines. In the case of quantita-

tion, the requirements are the same for both technologies. 

New GC-Orbitrap MS platforms completely fulfill regulatory 

identification criteria satisfied by triple-quad MS.

Unfortunately, laboratories do not have a clear under-

standing about this issue, which relates to the fact that 

HRAM-MS is a relatively new platform for routine laboratories. 

Furthermore, there is currently no clear harmonization among 

guidelines worldwide, which some may see as a limiting factor 

in the acceptance of this new platform. We are working to 

improve this. In general, several international guidelines are 

very similar, so it’s only a matter of producing more informa-

tion and more data to adjust and harmonize the guidelines 

for everyone.
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nitrile respectively. Despite their similar 

selectivities, the SPP phenyl phase pos-

sesses significantly reduced hydropho-

bicity (kPB = 4.50 compared to 2.63 for 

the TPP and SPP phases, respectively).

Stationary-Phase Selectivity Exam-

ples: An evaluation of the selected 

method development phases by either the 

Tanaka column characterization, LSER, 

or selectivity values has demonstrated 

that they provide the chromatographer 

with a range of reversed-phase columns 

of complementary chromatographic 

selectivity to maximize the probability 

of achieving the desired separation. The 

following three examples highlight what 

these observed chromatographic differ-

ences equate to in practical complemen-

tary chromatographic selectivity using a 

range of typical gradient and isocratic 

liquid chromatography–mass spectrom-

etry (LC–MS) and liquid chromatog-

raphy–ultraviolet (LC–UV) conditions 

(differing gradient time, temperature, 

organic modifier, and low- to mid-pH 

conditions).

Example 1: Figure 5 highlights the 

selectivity differences between the five 

TPP stationary phases using “LC–MS 

friendly generic gradient conditions” (that 

is, methanol–ammonium acetate pH 

6) in the separation of 10 paracetamol-

related compounds. Three out of the five 

stationary phases generated separation 

of all 10 components. The PEG phase 

gave the best overall separation using 

these generic non-optimized conditions. 

It was of interest to observe that peaks 

8 (2-nitrophenol) and 7 (4-nitrophenol) 

eluted in the order 7 before 8 in the cases 

of the PFP, C18, and phenyl phases while 

the reverse elution order was observed for 

the PEG and CN phases. This must, in 

part, be due to the 4-nitrophenol’s higher 

hydrogen bonding acidity, which can 

interact with the PEG and CN phases 

(that is, enhanced αP/BA and a coefficient). 

The CN and phenyl phases also caused 

an elution reversal of peaks 3 (2-amino-

phenol) and 4 (paracetamol) compared to 

the other three phases. 

Example 2: Figure 6 highlights the 

chromatographic selectivity differ-

ences between the f ive TPP phases 

using the UV popular conditions of 

a methanol–potassium phosphate pH 

2.7 generic gradient in the separation 

of 18 pharmaceutically relevant com-

pounds (including acids, bases, and 

neutral components). 

While it is of academic interest to 

hypothesize and understand which reten-

tion mechanism is responsible for the 

enhanced retention, from a practical 

viewpoint only, these chromatograms 

quickly inform the chromatographer of 

the number of peaks that are in the sam-

ple and that no one phase can separate 

all the components under these condi-

tions. However, in this example, the C18 

and phenyl phases are very good start-

ing points for further retention model-

ling and optimization studies. It can be 

clearly seen in the C18 chromatogram 

that peaks 1 and 2 are separated while 3 

and 4 are coeluted; in comparison peaks 

1 and 2 are coeluted and 4 and 3 are sepa-

rated on the phenyl phase.

Example 3: Figure 7 highlights the 

chromatographic selectivity differences 

between the five TPP phases using an 

isocratic methanol–water separation 

Figure 6: Gradient chromatography of 18 pharmaceutically relevant compounds on 
(a) ACE C18, (b) ACE C18-AR, (c) ACE C18-PFP, (d) ACE C18-Amide, and (e) ACE CN-ES 
phases (50 × 2.1 mm, 5-μm) gradient 3 to 100% B in 5 min, 0.6 mL/min, 60 °C, λ = 214 
nm. Mobile-phase A: 20 mM KH2PO4, pH 2.7 in water; mobile-phase B: 20 mM KH2PO4, 
pH 2.7 in 35:65 (v/v) water–methanol. Peaks: 1 = sotalol, 2 = salbutamol, 3 = N-acetyl-
procainamide, 4 = 3-hydroxybenzoic acid, 5 = pindolol, 6 = methylphenylsulfoxide, 7 = 
benzyl alcohol, 8 = quinoxaline, 9 = quinine, 10 = p-cresol, 11 = 1,2-dimethoxybenzene, 
12 = furosemide, 13 = anisole, 14 = methylbenzoate, 15 = remacemide, 16 = nimesulide, 
17 = ethylbenzoate, 18 = diflunisal.
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of a range of methoxybenzene regio-

isomers under the specif ied condi-

tions. It is clear that the hydrophobic 

retention mechanism of the C18 phase 

alone is insufficient to differentiate 

and separate these components. Only 

the PFP phase successfully separated 

all the components. The C18, phenyl, 

and PEG phases did not provide com-

plete separation of the 1,2,3- from the 

1,2,4-trimethoxybenzene regio-isomer, 

while the PFP and CN phases afforded 

excellent separation. It is believed that 

the high steric or shape selectivity term 

(αT/O) associated with the later phases is 

responsible for the separation of these 

regio-isomers. In comparison, the 1,2-, 

1,4-, and 1,3-dimethoxybenzene regio-

isomers were easily separated on all the 

phases. Examples 1, 2, and 3 show that 

significant selectivity differences can 

be practically observed with S values 

between 10 and 25.

Mobile-Phase pH Selectivity: Over 

the last 10 years the chromatographic 

market place has seen a steady rise in 

the number of phases that can with-

stand high-pH conditions. This is an 

extremely attractive situation for the 

chromatographer because the ionization 

of acidic or basic analytes can now be 

switched on or off and hence retention 

controlled. The use of pH can dramati-

cally change chromatographic selectiv-

ity as can be seen in the case of the high-

pH TPP C18 phase selectivity values: in 

either methanol or acetonitrile, selectiv-

ity values > 80 have been obtained for 

a set of 45 structurally diverse analytes 

(containing acidic, basic, neutral, and 

phenolic components) when low- and 

high-pH conditions are compared (see 

Table  III). These are extremely high 

selectivity values compared against 

the typical values of 10–37 achieved 

when changes are made to the station-

ary phase or the organic modifier is 

changed from methanol to acetonitrile. 

The usefulness of this approach 

can be seen in Figure  8 where the 

chromatographic elution prof ile of 

a mixture of neutral, basic, and phe-

nolic components can be changed at 

low and high pH (24). The unionized 

bases (that is, nizatidine, N-acetylpro-

cainamide, salbutamol, and reserpine) 

eluted later at pH 10.7 compared to 

their ionized forms at pH 3, while the 

ionized phenolic analytes (methyl para-

bens and p-cresol) were eluted earlier at 

pH 10.7 compared to pH 3. There was 

little movement of the neutral species 

(quinoxaline, piperine, toluene, and 

felodipine). These movements result 

in a totally different elution profile as 

shown in Figure 8. The elution order 

is not in line with the logD values of 

the analytes at either pH conditions 

(see Figure 8 caption), suggesting that 

there are other retention mechanisms 

in operation as well as hydrophobicity 

even on a high-purity C18 phase. 

On closer inspection of the retention 

time correlations for the TPP or SPP 

version of the extended-pH-range C18 

material (see Figure 9 for the SPP ver-

sion) at low and high pH, it can be seen 

that the neutral components exhibit a 

near perfect correlation (S value = 1). 

The retention time correlations for these 

phases exhibited excellent complemen-

tary selectivity at low and high pH for 

basic, acidic, and phenolic analytes but 

not for neutrals. 

Figure 7: Isocratic chromatography of mono-, di-, and trimethoxybenzene regio-
isomers using 1:1 (v/v) methanol–water, 0.21 mL/min, 40 °C, λ = 210 nm, 50 mm × 2.1 
mm, 3-μm column. (a) ACE C18, (b) ACE C18-AR, (c) ACE C18-PFP, (d) ACE C18-Amide, 
and (e) ACE CN-ES. Peaks: 1 = 1,2,3-trimethoxybenzene, 2 = 1,2-dimethoxybenzene, 3 
= 1,2,4-trimethoxybenzene, 4 = 1,4-dimethoxybenzene, 5 = methoxybenzene, 6 = 1,3- 
dimethoxybenzene, 7 = 1,3,5-trimethoxybenzene, 8 = toluene.
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As a consequence, many leading 

stationary phase manufacturers have 

recently introduced additional stationary 

phase chemistries that are also stable at 

high-pH conditions to rectify this defi-

ciency. For example, the high-pH SPP 

phenyl phase was designed to comple-

ment the high-pH SPP C18 phase. Table 

III highlights that both phases possess 

excellent selectivity differences at low 

and high pH (S values > 80) for the same 

organic modifier. The organic modifier 

selectivity with both phases at either low 

or high pH exhibited S > 23. The sta-

tionary phase selectivity values between 

the two phases at either low or high pH 

were observed to be > 11 for acetonitrile 

and methanol, respectively. The practi-

cal significance of these S values is borne 

out in Figure 10, which illustrates the 

separation of seven neutral components 

at low pH with acetonitrile on the high-

pH SPP phenyl phase compared to the 

Table II: Selectivity values at pH 3 for the TPP and SPP stationary- and mobile-phase combinations 

Methanol

TPP C18 TPP Phenyl TPP PFP TPP Cyano TPP PEG
High-pH 

TPP C18

High-pH 

SPP C18

High-pH SPP 

Phenyl

Methanol

TPP C18 0 19 15 25 18 7 5 19

TPP Phenyl 0 15 27 28 18 18 8

TPP PFP 0 20 19 15 14 16

TPP Cyano 0 19 23 25 25

TPP PEG 0 20 20 28

High pH TPP C18 0 6 17

High pH SPP C18 0 18

High pH SPP Phenyl 0

Acetonitrile

TPP C18 TPP Phenyl TPP PFP TPP Cyano TPP PEG
High-pH 

TPP C18

High-pH 

SPP C18

High-pH SPP 

Phenyl

Acetonitrile

TPP C18 0 13 11 15 20 9 6 14

TPP Phenyl 0 8 17 26 11 12 4

TPP PFP 0 13 23 9 10 9

TPP Cyano 0 17 16 16 16

TPP PEG 0 24 23 26

High pH TPP C18 0 6 12

High pH SPP C18 0 13

High pH SPP Phenyl 0

Methanol

TPP 

C18

TPP 

Phenyl
TPP PFP TPP Cyano TPP PEG

High-pH TPP 

C18

High-pH SPP 

C18

High-pH SPP 

Phenyl

Acetonitrile

TPP C18 26 26 28 28 31 21 23 24

TPP Phenyl 33 26 32 31 37 28 30 24

TPP PFP 31 28 30 27 34 26 29 26

TPP Cyano 28 28 27 18 29 24 27 25

TPP PEG 25 28 24 18 17 22 25 27

High pH TPP C18 32 31 33 31 36 26 29 28

High pH SPP C18 27 27 29 29 33 23 25 25

High pH SPP Phenyl 33 26 31 30 37 28 31 21

Figure 8: Gradient chromatography of a mixture of 11 bases, phenols, and neutral 
components on an ACE SuperC18 phase (50 mm × 2.1 mm, 3-μm column) gradient 3 to 
100%B in 7 min, 0.42 mL/min, 40 °C, λ = 254 nm. (a) Mobile-phase A: 10 mM ammonium 
formate in water, pH 3; mobile-phase B: 10 mM ammonium formate, pH 3, in 90:10 (v/v) 
acetonitrile–water; (b) mobile-phase A: 18 mM ammonia in water pH 10.7; mobile-phase 
B: 18 mM ammonia, pH 10.7, in 90:10 (v/v) acetonitrile–water. Peaks (logD at pH 3 and 
10.7): 1 = nizatidine (-3.01/0.15), 2 = salbutamol (-2.49/0.15), 3 = amiloride (0.95/1.03), 4 = 
N-acetylprocainamide (-1.8/1.28), 5 = quinoxaline (1.45/1.45), 6 = methyl paraben (2.14/-
0.19), 7 = p-cresol (2.09/1.48), 8 = reserpine (1.09/4.16), 9 = piperine (2.55/2.55), 10 = tol-
uene (2.61/2.61), 11 = felodipine (4.68/4.86). Peak assignments in red, blue, and green =  
phenolic, basic and neutral constituents, respectively (24).
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high-pH SPP C18 under alkaline condi-

tions in methanol. Peaks 2–6 exhibited a 

completely different elution order on the 

two systems.

Conclusions

The column characterization procedures 

investigated have demonstrated measur-

able differences between reversed-phase 

LC columns specifically designed for 

method development purposes. It has 

been shown that these differences do 

result in complementary chromato-

graphic selectivity that the method 

developer can practically exploit in 

development strategies to fully resolve 

separations. These differing reversed-

phase materials, which possess addi-

tional retention mechanisms to that of 

hydrophobicity, when used in combina-

tion with differing organic modifiers at 

differing pH values, have been shown 

to be of great benefit in the practical 

resolution of moderately complex sepa-

rations. 

The development of robust column 

and solvent switching technologies 

with software generated methods and 

sequences that most of the major instru-

ment manufacturers offer, in combina-

tion with complementary columns and 

mobile phases or pH, now permits the 

chromatographer to evaluate a wider 

and more comprehensive method 

development space in a relatively short 

timeframe. In addition, the ability to 

identify stationary- and mobile-phase 

combinations with complementary 

chromatographic selectivity will be 

of major importance in the rapidly 

developing field of two-dimensional 

reversed-phase LC.
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Table III: Selectivity values for the TPP and SPP phases at pH 3 and 10.7 in methanol or acetonitrile 

High-pH  

SPP C18  

Acetonitrile 

pH 3

High-pH 

SPP C18 

Methanol  

pH 3

High-pH  

SPP C18  

Acetonitrile  

pH 10.7

High-pH 

SPP C18 

Methanol  

pH 10.7

High-pH SPP 

Phenyl  

Acetonitrile  

pH 3

High-pH 

SPP Phenyl 

Methanol  

pH 3

High-pH SPP 

Phenyl 

Acetonitrile  

pH 10.7

High-pH 

SPP Phenyl 

Methanol 

pH 10.7

High-pH  

TPP C18  

Acetonitrile 

pH 3

High-pH 

TPP C18 

Methanol 

pH 3

High-pH  

TPP C18 

Acetonitrile  

pH 10.7

High-pH  

TPP C18 

Methanol  

pH 10.7

High-pH  

SPP C18  

Acetonitrile 

pH 3

0 25 82 82 13 25 86 85 6 23 82 84

High-pH  

SPP C18  

Methanol  

pH 3

0 84 80 31 18 87 84 29 6 84 83

High-pH  

SPP C18  

Acetonitrile  

pH 10.7

0 26 83 84 11 23 84 85 6 24

High-pH  

SPP C18  

Methanol  

pH 10.7

0 83 84 23 11 83 82 28 9

High-pH  

SPP Phenyl  

Acetonitrile 

pH 3

0 23 85 85 12 28 83 85

High-pH  

SPP Phenyl 

Methanol  

pH 3

0 86 83 28 17 84 84

High-pH  

SPP Phenyl 

Acetonitrile  

pH 10.7

0 22 87 88 12 27

High-pH 

SPP Phenyl 

Methanol  

pH 10.7

0 86 85 24 13

High-pH  

TPP C18  

Acetonitrile 

pH 3

0 6 83 86

High-pH  

TPP C18 

Methanol  

pH 3

0 85 85

High-pH  

TPP C18 

 Acetonitrile 

pH 10.7

0 24

High-pH 

TPP C18 

Methanol  

pH 10.7

0
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Figure 9: Correlation of 45 analytes (10 acids, 11 bases, 10 phenols, and 14 neutrals) on 
the ACE UltraCore SuperC18 phase using gradient chromatography (50 mm × 2.1, 3-μm 
column) 3 to 100%B in 6 min, 0.6 mL/min, 60 °C. Mobile-phase A: 20 mM ammonium 
formate, pH 3, in water or 18 mM ammonia, pH 10.7, in water; mobile-phase B: 20 mM 
ammonium formate, pH 3, in 1:9 (v/v) water–methanol or 18 mM ammonia, pH 10.7, in 
1:9 (v/v) water–methanol. Overall S value = 80, for the neutral components S = 1.

Figure 10: Gradient chromatography of a mixture of seven neutral analytes us-
ing a 3 to 100%B in 6-min gradient, 0.6 mL/min, 60 °C, λ = 214 nm. (a) ACE UltraCore 
SuperC18 phase (50 mm × 2.1 mm, 2.5-μm column) using mobile-phase A 18 mM am-
monia in water, pH 10.7, and mobile-phase B 18 mM ammonia, pH 10.7, in 90:10 (v/v) 
methanol–water; (b) ACE UltraCore SuperPhenylHexyl phase (50 mm × 2.1 mm 2.5-μm 
column) mobile phase A 20 mM ammonium formate in water, pH 3, and mobile-phase B 
20 mM ammonium formate, pH 3, in 90:10 (v/v) acetonitrile–water. Peaks: 1 = caffeine, 2 
= 1,3,5-trinitrobenzene, 3 = 1,2-dinitrobenzene, 4 = dimethylphthalate, 5 = 1,2,3,4-tetra-
hydro-1-naphthol, 6 = corticosterone, 7 = piperine.
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PRODUCTS & RESOURCES

 HPLC column information guide
MicroSolv’s Cogent HPLC Column Informa-
tion Guide is a 48-page technical brochure 
that focuses on how to use aqueous nor-
mal-phase HPLC mode for polar and some 
nonpolar compounds as well as using silica 
hydride columns for reversed-phase HPLC 
and for certain circumstances in normal-
phase HPLC. The brochure also includes 
ordering information for stainless steel col-
umns, PEEK columns, guard columns, prep 
columns and other accessories. 
MicroSolv Technology Corp., 

Eatontown, NJ. 
mtc-usa.com/index.aspx

 Thermal desorption consumables catalog
A 2017–2018 catalog from Markes 
International describes thermal 
desorption tubes, accessories, and 
spares and contains products for VOC 
and SVOC monitoring and analysis. 
According to the company, the catalog is 
available as an interactive online version 
(chem.markes.com/TDcat), or as a hard 
copy from enquiries@markes.com. 
Markes International Ltd., 

Llantrisant, UK. 
www.markes.com

 GPC columns
Jordi Gel DVB Resolve 
13-μm GPC columns from 
Jordi Labs are designed 
with a novel packing mate-
rial for the high-tempera-
ture molecular weight anal-
ysis of polyethylene and 
other polyolefins. According 
to the company, the col-
umn packing is based on 
100% divinylbenzene and 
uses a new synthetic pro-
cess that results in a monodisperse polymer column packing.  
Jordi Labs, Mansfield, MA. jordilabs.com

 HPLC column
The Decapo DX-C18 HPLC 
column from Imtakt is 
designed with Dual Matrix 
particle technology. According 
to the company, the column 
consists of silica-based par-
ticles with a grafted surface 
polymeric layer to protect the 
silica from high pH attack and 
to improve peak shape for 
basic compounds.  
Imtakt USA, 

Portland, OR. 
www.ImtaktUSA.com

 HPLC columns
DAISOGEL Semi-PREP and PREP col-
umns are designed as a scale-up tool 
for purification scientists. According to 
the company, the silica gel columns are 
available in 5-μm and 10-μm particle 
sizes with various pore sizes and diverse 
modification phases. Available pore 
diameters of 100–300 Å are applicable 
to analytes ranging from small mol-
ecules to large peptides. 
DAISO Fine Chem USA, Inc., 

Torrance, CA. 
www.daisogelUSA.com

I nformatics system
ACD/Labs’ LUMINATA infor-
matics system is designed 
to enable organizations to 
establish effective impurity 
control strategies based on 
assembled analytical and 
chemical information, in a 
single environment. Accord-
ing to the company, the 
system provides data aggregation and visualization for substance 
impurity characterization.  
ACD/Labs, 

Toronto, Ontario, Canada. 
www.acdlabs.com

 GC simulation and optimization software
The 4S Company’s GC-SOS 
software is designed 
for use by GC method 
developers and instructors. 
According to the company, 
in addition to temperature, 
column size, pressure, 
and flow simulation, the 
updated version features 
flexible input, auto-
optimization, and animation 
view capabilities.  
The 4S Company, 

Cincinnati, OH. 
www.GC-SOS.com

 Viscosity detector
The ViscoStar III viscosity detector 
from Wyatt Technology is designed 
for use in conjunction with gel perme-
ation chromatography systems and 
multiangle light scattering detectors. 
According to the company, the detec-
tor can determine the molar mass, 
size, and conformation of all types of 
macromolecules, including polymers 
and proteins.  
Wyatt Technology,

Santa Barbara, CA. 
www.wyatt.com
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Hydrogen generators
PG-H2 Plus hydrogen generators from 
VICI DBS Instruments are available in 
six models that reportedly produce over 
600 cc/min of clean, 99.9996% pure 
hydrogen. According to the company, 
features include a PEM electrochemical 
cell protection system with microprocessor 
controls, a water hydration circulation 
purification system, USB and RS capability 
with software options for remote 
monitoring and control, and a liquid crystal 
display with touch-screen visuals for 
system status checks. 
VICI Valco Instruments Co., Inc., Houston, TX. www.vici.com

Size-exclusion chromatography column
Shodex’s PROTEIN LW-803 silica-based 
size-exclusion column is designed for the 
analysis of enzymes and proteins—specifically 
antibodies. According to the company, the 
column can analyze proteins of several 
hundred thousand daltons. 
Shodex/Showa Denko America, 

New York, NY. 
www.shodexhplc.com

Cannabis potency analyzer
Shimadzu’s Cannabis Analyzer for Potency 
HPLC system is designed specifically for 
quantitative determination of cannabinoid 
content. According to the company, the 
analyzer integrates instrument hardware, 
analytical workflows, and supplies, including 
an analytical column, guard columns, mobile 
phase, and a CRM standard mixture.  
Shimadzu Scientific Instruments, 

Columbia, MD. 
www.ssi.shimadzu.com

HPLC rotor seals
Sciencix’s HPLC rotor seals 
are designed to keep HPLC 
systems performing at an 
optimal level. According 
to the company, the seals 
are equivalent to the 
corresponding OEM parts. 
Sciencix, 

Burnsville, MN. 
www.sciencix.com

Online GC software
Restek’s EZGC online 
method development 
software is designed for the 
development of new gas 
chromatography methods in 
minutes directly from a desk. 
According to the company, 
the software is available in 
English, Portuguese, Spanish, 
French, Italian, Dutch, 
German, Japanese, and 
Chinese languages. 
Restek Corporation, 

Bellefonte, PA. 
www.restek.com

Syringe filters
Agilent Captiva syringe 
filters, available 
from Neta Scientific, 
are designed to 
provide sample 
integrity, accuracy, 
optimal instrument 
performance, extended 
column lifetime, and less system downtime. A range of pore 
sizes, formats, and membranes is available.  
Neta Scientific, Inc., 

a distributor for Agilent Technologies 
Hainsport, NJ. 
www.netascientific.com

Static mixers
PerfectPeak HPLC and UHPLC 
static mixers are designed to 
provide baseline noise reduction 
and lower detection limits. 
According to the company, the 
mixers are made from passivated 
stainless steel and can be 
retrofitted into any HPLC or UHPLC 
system. The mixers are available in 
90-, 60-, and 30-μL versions. 
Mott Corporation, 

Farmington, CT. 
www.mottcorp.com/mixer

Water purification system
The Milli-Q IQ 7000 water purifi-
cation system from  
MilliporeSigma is designed to 
provide ultrapure water at flow 
rates as high as 2 L/min. Accord-
ing to the company, the system 
has ech2O mercury-free UV 
lamps for the photoxidation of 
organic contaminants, and puri-
fication cartridges that are 33% 
smaller than previous versions.  
MilliporeSigma, 

Billerica, MA. 
www.emdmillipore.com 
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Dual-injection autosampler
The Master COMBO dual-injection 
autosampler from DANI Instruments 
is designed to increase sample 
throughput by using two syringes in 
one autosampler to double sample 
throughput. According to the company, 
common high-throughput applications 
include pesticides, FAME, and detailed 
hydrocarbon analysis.  
DANI Instruments, Inc., 

Marlborough, MA.
www.Dani-Instruments.com

QuEChERS push-through cartridges
UCT’s Quick QuEChERS 
push-through cartridges 
are designed to eliminate 
the need for shaking and 
centrifugation of extracts 
during sample cleanup. 
According to the company, 
the approach is customiz-
able and fully automatable. 
UCT LLC, 

Bristol, PA. 
https://sampleprep.unit-
edchem.com/products/
quechers/quick-quech-
ers-2459

Protein A column
The TSKgel Protein A-5PW 
analytical column from 
Tosoh Bioscience LLC is 
designed for the rapid 
separation and robust 
quantification of a variety 
of antibodies. According to 
the company, monoclonal 
antibodies can be captured 
and accurately quantitated 
in less than 2 min. 
Tosoh Bioscience LLC, 

King of Prussia, PA. 
www.tosohbioscience.com

Bioinert coating
Dursan bioinert 
coating from SilcoTek 
Corporation is designed 
to improve the speed, 
resolution, and reliability 
of liquid chromatography 
instruments by 
eliminating the negative 
effects of a metal flow 
path. According to the company, the coating can be applied to 
pumps, columns, frits, and other sample transfer components. 
SilcoTek Corporation, 

Bellefonte, PA. 
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Sample pretreatment system
Shimadzu’s Clinical Labora-
tory Automation Module 
(CLAM 2000) is designed 
as a fully integrated sample 
pretreatment module 
for LC–MS. According to 
the company, the system 
automatically performs all 
of the processes necessary 
for analyzing blood and 
other biological samples, 
ranging from scanning in information from blood collection tubes to 
sample pretreatment and LC–MS analysis.  
Shimadzu Scientific Instruments,  

Columbia, MD; www.ssi.shimadzu.com

Autosampler syringes
Autosampler syringes from 
Hamilton Company designed 
to be used with Spark Hol-
land HPLC autosamplers 
reportedly provide chemical 
inertness, reduced friction, 
and an inert flow path. 
According to the company, 
an exact fit between the 
PTFE plunger tip and the 
inner diameter of the glass barrel creates a leak-free seal required for 
accurate autosampler operation. 
Hamilton Company, 

Reno, NV. 
www.hamiltoncompany.com

Pressurized liquid extraction system
FMS’ PLE system is an auto-
mated pressurized liquid 
extraction system that is 
designed for the rapid extrac-
tion of a variety of compounds 
from environmental, biological, 
and food samples. According 
to the company, the system 
is a green, direct replacement 
for Soxhlet extractions and can 
reduce solvent consumption 
and extraction time by 70%.
FMS, Inc., 

Watertown, MA. 
www.fms-inc.com

Preparative system
The Quattro countercurrent 
and centrifugal partition chro-
matograph and extractor from 
AECS-QuikPrep is designed to 
work with and complement 
standard flash and HPLC labora-
tory and process instrumenta-
tion. According to the company, 
standard biphasic solvents, ionic 
liquids, liquid chiral selectors, 
and ion exchangers may all be 
used.  AECS-QuikPrep Ltd., 

London, UK. 
www.quattroprep.com

38th Annual  
MN Chromatography Forum  

Spring Symposium

May 9 - 11, 2017 

May 9-10 Short Courses

May 11 Keynote Presentation:  
Dr. Paul Mahaffy, NASA 

May 10 (1pm) Complimentary Open House

Earle Brown Heritage Center  Minneapolis, MN

Advanced HPLC & UHPLC Method Development

Comprehensive GC & GC-MS Troubleshooting

Analytical Sampling and Sample Prep for Chromatography

“Exploration of Martian Habitability with the Curiosity Rover”

Technical Presentations

Equipment Exhibition

Equipment Exhibition

Vendor Seminars

Refreshments

For further information and  

online registration information visit:  

www.minnchrom.com
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H
ydrophobic interaction chroma-

tography (HIC) is a milder form 

of reversed-phase liquid chroma-

tography (LC). Separation of analytes is 

based on hydrophobic interactions with 

the stationary phase; therefore, the elu-

tion order in HIC enables proteins to 

be ranked on the basis of their relative 

hydrophobicity. HIC employs nondena-

turing conditions, does not require the 

use of organic solvents or high tempera-

tures, and separations are carried out at 

physiological pH, which allows the pres-

ervation of protein structure. Historically 

HIC has been used for the determination 

of the relative hydrophobicity of proteins 

and was applied on a preparative scale 

for protein purification; it is now applied 

at all stages of the purification process, 

including high-yield capture, polishing 

monoclonal antibodies (mAbs), charac-

terization of mAbs and antibody–drug 

conjugates (ADCs), removal of truncated 

species from full-length forms, separation 

of active and inactive forms, and clearing 

viruses.

HIC analysis is carried out using a 

reversed salt gradient, starting with a 

high salt concentration and moving to a 

low salt concentration to facilitate pro-

tein elution. When starting at a high salt 

concentration, proteins are retained on 

the stationary phase because the hydro-

phobic interaction between the solute and 

stationary phase is increased by the salt 

in the buffer, which reduces the solva-

tion of the proteins; as solvation decreases 

hydrophobic regions become exposed and 

are adsorbed to the stationary phase. The 

more hydrophobic the molecule the less 

salt is needed to promote binding.

The mobile phase is typically an aque-

ous solution of a nondenaturing salt such 

as ammonium sulfate (1–2 M) or sodium 

chloride (3 M) and a buffer to control pH 

(usually phosphate, 6 ≤ pH ≤ 7). High 

concentrations of salt, especially ammo-

nium sulfate, may precipitate proteins; 

therefore, solubility should be checked 

under the initial gradient (binding) con-

ditions. The strength of the interaction 

between the protein and stationary phase 

decreases with increasing pH as a result 

of increased charge on the protein caused 

by the ionization of acidic groups. This 

effect can vary depending on the protein; 

thus, pH can impact the level of protein 

binding and selectivity. Changes in pH 

do not have a significant effect over mod-

erate ranges.

Stationary phases generally consist of 

silica bonded with ligands of relatively 

limited hydrophobicity (for example, 

butyl, phenyl, ether, amide, or propyl). 

Straight-chain alkyl ligands exhibit hydro-

phobic character, whereas aryl ligands 

provide mixed-mode behavior where both 

aromatic and hydrophobic interactions 

are possible. The choice of ligand type 

will be determined empirically. Normally 

stationary phases are nonporous; however, 

there are also some porous polymeth-

acrylate-based particles available. HIC 

columns can be operated at pressures in 

the 100–400 bar range, and are typically 

packed with 5-, 3-, or 2.5-μm particles.

HIC can be applied to the analysis of 

mAb heterogeneity resulting from post-

translational modifications (Table I). 

HIC has found particular applicability 

to the analysis of ADCs. ADCs contain 

a lipophilic cytotoxic drug attached to a 

monoclonal antibody; the mAb affords 

the selectivity while the drug provides the 

efficiency of treatment. Separation occurs 

since most cytotoxins are hydrophobic. 

The hydrophobicity of the ADC depends 

on the number of conjugated drugs; 

therefore, ADCs with different drug-to-

antibody ratios (DAR) can be separated 

in HIC. In terms of elution order, mAbs 

that contain no drug will be eluted first 

and those with the highest number of 

drugs attached will be eluted last. The 

relative distribution of the ADC species 

can be determined on the basis of peak 

area percentages. The weighted DAR can 

then be determined based in the percent-

age peak area information and the drug 

load numbers. Because of the high salt 

concentrations used, HIC is generally 

incompatible with mass spectrometry 

(MS) detection (although successful stud-

ies have implemented HIC–MS analysis 

of intact proteins using ammonium tar-

trate as an MS-compatible salt in place of 

the more traditional ammonium sulfate). 

Multidimensional chromatography using 

a reversed-phase LC desalting step before 

MS analysis allows online characteriza-

tion of ADCs as the ADCs dissociate into 

their respective subunits under the dena-

turing reversed-phase LC conditions. 

Get the full tutorial at 
www.CHROMacademy.com/Essentials 

(free until May 20).

Hydrophobic Interaction 

Chromatography for 

Biopharmaceutical Analysis

Table I: Common PTMs, with 

expected retention times relative to 

the principal intact protein peak

Modification HIC Peak

Aspartate 
isomerization

Pre-peak

Asparagine 
deamidation

Post-peak + 
pre-peak

Oxidation Pre-peak

PyroGlu from Glu 
(–H2O)

Post-peak

PyroGlu from Gln 
(–NH3)

Post-peak

Succinimide Post-peak

Sugar Pre-peak

C-terminal lysine Pre-peak

Aggregation Post-peak

Fragmentation Variable
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41 International Symposium on

Capillary Chromatography &

14th GCxGC Symposium

www.isccgcxgc.com

Fort Worth, Texas USA

May 14  19, 2017

We invite you to join the 41st International Symposium on Capillary Chromatography (ISCC) 

held in conjunction with the 14th GCxGC Symposium. The 2017 meetings will be hosted at 

the Hilton Fort Worth from May 14 - 19, 2017 and will include a top-level speaker lineup, 

excellent short courses, and highly attended poster sessions.  

Poster abstracts are still being accepted! 

The 2017 meetings will be highlighted with plenary lectures by:



— Easy-to-Understand Instrument Control

t�"�VOJUZ�CFUXFFO�DPMPSGVM�UPVDITDSFFO�(6*�BOE�IBSEXBSF

t�&BTZ�UP�TFF�TUBUVT�JOEJDBUPST�GPS�3FBEZ
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— Advanced Interactive Design

t�-PBE�TBNQMFT�BOE�TUBSU�BOBMZTJT�JNNFEJBUFMZ�WJB�UIF�UPVDI�TDSFFO�

t�.POJUPS�SVO�TUBUVT�BOE�SFTVMUT�SFNPUFMZ�XJUI�ZPVS�TNBSU�QIPOF

— Smart Automation
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Imagine an HPLC Designed to 
Deliver Reliable Results with Minimum Effort

Order consumables and accessories on-line at http://store.shimadzu.com
Shimadzu Scientific Instruments Inc., 7102 Riverwood Dr., Columbia, MD 21046, USA

Learn more about Shimadzu’s i-Series.
Call (800) 477-1227 or visit us online at
www.ssi.shimadzu.com/iseries
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