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Hydrophilic-Phase Extraction: A New
Avenue of Solid-Phase Extraction
for Oligonucleotide Bioanalysis
Robert MacNeill, Department of Bioanalysis, Labcorp Early Development Laboratories Inc., East Millstone, New Jersey, USA

A novel mode of bioanalytical solid-phase extraction (SPE) has been developed and used for a quantitative
application involving an RNA oligonucleotide therapeutic candidate. Previously established protocols and media
showed very little recovery, and so this new approach, based on hydrophilic interaction liquid chromatography
(HILIC) with an aminopropyl-bonded phase on a silica support and providing an essentially uncharted avenue
of selectivity, was explored. The procedure featured only one step prior to sample load, high‑organic sorbent
conditioning, two washes following the load that switched between low and high pH, followed by elution in
a highly eluotropic HILIC composition. The moniker of “hydrophilic-phase extraction” (HPE) was given to
the procedure. The HPE was proven to be a critical part of a fully quantitative HILIC–high-resolution mass
spectrometry (HRMS) method for the RNA oligonucleotide and has potential for general application.

Biologics, such as peptides, proteins, and oligonucleotides, are more prevalent
as therapeutic candidates than ever. In the exciting arena of oligonucleotide
bioanalysis, there are well-known challenges when it comes to any quantitative
platform including liquid chromatography–mass spectrometry (LC–MS).
The author’s group has recently been focusing on creating quantitative bioanalytical

KEY POINTS
• For a 22-mer RNA oligonucleotide,
a new type of bioanalytical SPE
was developed and applied,
“hydrophilic-phase extraction”
using aminopropyl-bonded
phase on a silica base.
• The procedure featured one
sorbent conditioning step
and no equilibration step,
and a wash regime at both
acidic and alkaline pH.
• This method development
was completed with multiple
contemporary aspects, aligned
with the theme of complete
absence of ion-pairing,
and resulted in a rugged
quantitative performance basis.

6

approaches without the use of ion-pairing reagents, and has previously worked
with hydrophilic interaction liquid chromatography (HILIC) preceded by
polymeric‑based weak cation exchange (WAX) solid-phase extraction (SPE) (1).
This article focuses on the sample preparation and extraction aspect of
a recently developed and unique bioanalytical SPE method that also does
not require ion-pairing reagents and could possibly be useful for general
applicability in analogous applications in the future. Despite the success of
the polymeric WAX in the one referenced application (1), and another with
a more laborious protocol (2), we found that for one particular application,
for an RNA oligonucleotide known as GNV705 AS, we had to find and explore
a new realm of selectivity for decent recovery (3). GNV705 AS is the 22-mer
antisense strand of a duplex-based RNA therapeutic candidate. Along the
GNV705 AS strand, there are numerous methylations and fluorinations, and
towards each terminus there are phosphorothioate linkages, typical features for
stabilization, and the central region is populated by phosphodiester linkages.
With protocols that were based on references (1) and (2), it was found that
recoveries (even after altering the set of key variables in the SPE) were never in
excess of 20–30% and, more importantly, were non-reproducible. In the context of
oligonucleotide SPE, this ballpark of recovery is not unusually low (4,5), but we
wanted as much as possible to achieve concrete method reproducibility and,
ultimately, sensitivity. At this point, thoughts turned to producing something distinct
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on a physicochemical basis but still

rudimentary polar and electrostatic

The structural analogue—incorporating

poised to exploit the innate excellent

interactions being harnessed.

three additional nucleotide units in the

oligonucleotide analyte. This is even more

Experimental

reference material was obtained

prominent for RNA compared to DNA

Chemicals and Materials: The

from Integrated DNA Technologies.

because the extra hydroxylation in the

reference material for the analyte

Acetonitrile, concentrated phosphoric

ribose moiety offers slightly more polarity.

GNV705 AS, as well as the N-1 and N-2

acid (85%), concentrated ammonium

degree of polarity and ionization of the

middle of the strand—internal standard

Considering the pronounced polarity

metabolite reference materials, were

hydroxide (25%), concentrated formic

of the silica base, the clear established

kindly gifted by Genevant Sciences.

acid, and ammonium formate were all

contribution that it has to HILIC in the
LC context (6), and specifically how
the highly polar silica chemistry aligns
with nucleic acids’ intrinsic deep-rooted
polarity, the fundamental affinity for the
analyte on such a support should be

A

prominent, in contrast to a polymeric

gas generation brand

support, which has much more of a
hydrophobic constitution. This should
be particularly valid if the silica support
has a polar bonded phase with an
appropriate electrostatic functionality.
In principle, such an idea can
certainly work. This group’s own
previous research from 2016
demonstrated an application where
HILIC has been utilized within the
SPE for a bioanalytical application for
the therapeutic peptide bivalirudin in
human plasma. (7) This produced a
high-recovery, validated method.
There was also work reported recently
(8) that employed SPE using unmodified
silica and HILIC operation, but it was
a dual extraction with several liquid–
liquid treatment steps in precedence to
SPE loading and the remainder of the
extraction. This presents an undesirable
laborious element and more sources
of variability, even though the ultimate
extract cleanliness could be excellent.
For the work described here, we aspired
to a more high-throughput protocol
where plasma is simply diluted in the
appropriate aqueous diluent prior to
loading, more aligned with classical SPE
in the regulated pharma industry context.

Streamline your workflow
with a gas generator
Providing your LC-MS or GC/GC-MS with a reliable source of gas at the push of a button,
a Peak gas generator takes away the hassle and inconvenience of handling cylinders
in your lab, allowing you to work more efficiently. With 20 years’ experience in gas
generation and our unique brand promise to deliver on-site service and support, having
a Peak in your lab means you can focus on what really matters.

The key feature was that this SPE
would follow a HILIC scheme, with

www.chromatographyonline.com

Contact us today to discover more!
www.peakscientific.com/genius
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FIGURE 1: “HOLIC” chromatogram. Adapted and reproduced from reference 3.
XIC of -MRM(8 pairs): 1832.200/586.300 Da ID: Solace 1 from Sample 4 (Solution containing all at 200 nM, PREMER column, 4) of Tes...
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obtained from Sigma Aldrich and were

samples and at 0.5, 2, 5, 10, 20, 100,

added in 20 μL aliquots to 100 μL plasma

LC–MS‑grade, with the exception of

and 2000 nM for QC samples. Volumes

within 1.5 mL regular polypropylene

phosphoric acid, which was ACS-grade.

of spiking solution were no more than

tubes. This resulted in an internal

Water was purified in-house with a

2% of the volume of plasma spiked.

standard concentration of 500 nM in

Thermo Scientific Barnstead Nanopure

Optimized Sample Preparation:

matrix. Then, a 2-s vortex of each tube

purification system by reverse-osmosis

As a final optimized procedure, the

took place. This was followed by the

filtration and subsequent deionization

solid‑phase extraction of GNV705 AS

addition of 700 μL 6% H3PO4 (aq.) to

to a resistivity of 18.2 MΩ cm. Control

from cynomolgus plasma was performed

each sample and another vortex step.

cynomolgus plasma with K2EDTA

as follows. The SPE sorbent was United

anticoagulant was obtained from BioIVT,

Chemical Technology NAX, 100 mg,

Sorbent conditioning involved the
application of 1 mL 9:1 (v/v) acetonitrile–

including from six individual donors

an aminopropyl phase on a silica base,

(2% formic acid [aq.]), and there was no

for differential tests and selectivity.

in 96-well format. The 96-well 1-mL

subsequent equilibration step prior to

Calibration Standards and Quality

round‑bottom collection plates used to

loading the diluted plasma sample.

Control Samples: The GNV705 AS

receive the final eluent were regular DNA

The prepared samples (800 μL) were

primary solution and a candidate

LoBind polypropylene from Eppendorf.

loaded onto the conditioned sorbent beds.

internal standard (IS) were prepared

Each step where liquid was applied

This was followed by the application of a

at 100 µM in 9:1 (v/v) water–acetonitrile.

was allowed to pass through gravity

1 mL wash with 9:1 (v/v) acetonitrile–

Calibration quality control (QC) sample

alone. The time taken was three to four

(2% formic acid [aq.]). The next wash

spiking solutions and the IS spiking

minutes for this to occur, corresponding

was with 1 mL 8:2 (v/v) acetonitrile–

solution were prepared in 9:1 (v/v)

to an adequately slow linear flow velocity

(2% ammonium hydroxide [aq.]). Analyte

water–acetonitrile in polypropylene tubes.

conducive to best performance under

elution was affected by the application

Plasma was prepared in analogous

the circumstances of high-energy ionic

of 2 × 400 μL 2% ammonium hydroxide

polypropylene tubes at concentrations

interactions being formed and broken.

of 0.5, 2, 5, 10, 20, 50, 100, 200,
500, 1000, and 2000 nM for calibrant

8

The candidate IS, in 1:9 (v/v)
acetonitrile–water at 2500 nM, was

in (3:7 acetonitrile–water) into the 1-mL
round-well 96-well collection plate. Finally,
the eluates were evaporated under

LCGC Asia Pacific November/December 2022

oxygen-free nitrogen at 40 °C and then reconstituted in 200 μL
4:6 (v/v) acetonitrile–(0.05% ammonium hydroxide in 10 mM
ammonium formate [aq.]). The block was then sealed, put on
a plate shaker at 500 rpm for 10 min, before being placed in

High-quality laboratory
instruments for HPLC

the autosampler compartment at 10 °C awaiting injection.
Liquid Chromatography: The analytical column for the
GNV705 AS quantitative method was a 2.1 × 50 mm, 1.7-μm

Standalone or OEM

Waters Acquity Premier UPLC BEH Amide. The LC frontend system was a classic Waters Acquity UPLC unit that
included pump, degasser, autosampler, column heater, and

Excellent price/performance ratio

mobile phase pre‑heater. The autosampler compartment was
maintained at 10 °C. Gradient elution was employed, with
mobile phase components of 0.05% ammonium hydroxide

Development and customization

in 10 mM ammonium formate (aq.), pH measured at 9.1, and

Worldwide distribution

acetonitrile, delivered at 0.45 mL/min and with mobile and
stationary phases at 40 °C. For each gradient cycle, initially the

30 years of innovation

mobile phase composition began at 20% aqueous, and the
mobile phase composition underwent a linear excursion over
the next 5.0 min to 50% aqueous. This composition was held for
0.5 min and then re-equilibration took place over the remaining
1.0 min of the 6.5 min overall runtime. The injection volume
was 6.0 μL and partial loop with needle overfill (PLNO) mode
was used, along with a strong wash composition of 0.05%
ammonium hydroxide in 10 mM ammonium formate (aq.)
and a weak wash composition of 1:1 (v/v) acetonitrile–(0.05%
ammonium hydroxide in 10 mM ammonium formate [aq.]).
Mass Spectral Detection: The high resolution mass
spectrometer was a Sciex ZenoTOF 7600 System equipped

HPLC Systems

with an Optiflow ion source and auxiliary gas heated to 550 °C,
with no split of the LC flow into the source. A negative MRMHR
acquisition was applied for quantification, where the precursor
ion m/z target was set as 1832.3 and a MS/MS scan range
was 100–2000 m/z. The extracted ion chromatograms (XICs)

PrepBox

of transitions 1832  586.1134, 1832  664.0810, and 1832 
604.1199, where all values denote m/z, were generated using
Sciex OS software with the extraction window width set at
0.02 Da. The precursor ion involved was the same as for
nominal mass, corresponding to the charge state of [M-4H]4-.
The selected product ions were analogous to the nominal

Compact Systems

mass scheme. Again, these peaks were selected on
the basis of most compelling intensity and verifiability.
The peak area-based integration for the quantitative endpoint
Compact
Systems
3D View
Spectral Data

involved the summation of the peaks in each transition.

Results and Discussion
HOLIC: To dwell briefly on the chromatography, the HILIC
nature of the dynamics was a critical component of the
methodology in terms of the requirement for no ion-pairing

www.chromatographyonline.com

ECOM spol. s r.o.
www.ecomsro.com
+420 221 511 310
info@ecomsro.cz
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FIGURE 2: HPE load step: extent of plasma dilution test. Adapted and reproduced

from reference 3.

to improve recovery in this process.
This was postulated to be an artefact of
the retained oligonucleotide band being
so hydrophilic as to be repelled from the
would be present after the conditioning
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to avoid breakthrough in the highly
aqueous conditions that fully solubilize
nucleic acids such as the analyte.
The single condition was therefore
1 mL of 9:1 (v/v) acetonitrile–(2% formic

reagents to be present. The setup just

considered, at the pivotal load step

acid [aq.]), with the acidity maintaining

described represents the bones of what

it was ideal for the most efficient

the ionized state of the key ionic

we have assigned the moniker “HOLIC”

capture. In the absence of the classical

moiety of the bonded phase. The wash

(3), a play on the HILIC abbreviation

partitioning HILIC model because of

after the sample load was identical

interfaced with the term “oligo”. We felt

the high aqueous content—in terms of

to the condition—again the high

it was merited particularly on the

the fundamental physicochemical affinity

basis of observed applicability to a

as alluded to earlier—the profound

wide range of different oligonucleotide

polarity of the silica support in

methods as performed in our laboratory

conjunction with the short-chain

(data not shown). A representative

charged bonded phase matched the

use 6% phosphoric acid (aq.) as the

chromatogram is shown in Figure 1.

acute polarity of the RNA analyte.

diluent, a little more concentrated than

The baseline resolution of the analyte

The initial attempts using a 100 mg bed

“oligo-phobic” organic helping to
prevent analyte breakthrough.
For the plasma sample dilution and
loading, initially it was decided to

what we had used in previous work (1)

GNV705 AS from the earlier-eluting

weight of the aminopropyl phase on a

to better align with the low plateau of
pH attained by phosphoric acid with

N-1 and N-2 metabolite pair is evident,

silica base brought improved recoveries

and the similar resolution from the

from what we had seen at any point

increasing concentration. This did

internal standard, which elutes last.

prior in this project. From then, it was a

appear to make a difference for the first

Hydrophilic-Phase Extraction: The

straightforward series of experiments

few moments where the high-energy

extraction is clearly the centrepiece

to fully optimize the procedure.

electrostatic bonds are forming, albeit

of this article. In the previous SPE

For the 100 mg packed sorbent,

involving a little more neutralization of the

work of fundamentally similar nature

a procedure prior to elution, and the

phosphate backbone and accordingly

reported for the therapeutic peptide

sample load notwithstanding, based on

more nonpolar interactions, low energy

bivalirudin (7), HILIC was proven to be

1 mL solvent application at each

thus rapidly manifesting, a phenomenon

the critical functional mode throughout

step was appropriate. In all steps,

synonymous with success at this stage

the bulk of the SPE process, and for

a minimum 10% aqueous was

of classical mixed-mode SPE. A brief

this new oligonucleotide application,

maintained to preserve HILIC conditions

test (data not shown) showed around
25% better recovery in going from 4%

the anticipation and outcome were no

and avoid oligonucleotide precipitation

different. This time, instead of the cation

via lack of organic solubility that may lead

to 6% phosphoric acid in the otherwise

exchanger used for the peptide capture

to loss of signal and imprecision. In a

established conditions. On this note,

and subsequent release, an aminopropyl

unique and interesting discovery, it was

further work looking into incrementally

function was used, appropriate for the

found that omitting the high-aqueous

higher concentrations, up to perhaps

negative charge strongly and abundantly

equilibration step—as would be intuitive

10% at this stage, is worthwhile. Figure 2

present with oligonucleotides. All things

in almost all SPE procedures—was found

shows the data for both analyte and

10
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internal standard from a test where

signal increase backed up by triplicate

full elution. Only once 2–3 void volumes

the 100 μL plasma volume was diluted

analysis. We settled on the highest value

had passed—a total of 400 μL—did we

to different extents prior to loading; in

of 800 μL for safety and practicality.

see the full response corresponding to

at least one separate oligonucleotide

As mentioned, the first wash was

the elution of what remains on-cartridge.

client-related application a dependency

identical to the single-step condition, 1 mL

To err on the side of caution, and with

in recovery was established (data

of 9:1 (v/v) acetonitrile–(2% formic acid

knowledge of how incurred samples can

not shown) in the sense of recovery

[aq.]). The following wash immediately

differ quite profoundly in their natural

increasing with total volume (plasma and

prior to elution was with 1 mL 8:2 (v/v)

matrix compositions, we decided to

diluent) applied until a maximum was

acetonitrile–[2% ammonium hydroxide

establish the final elution volume as 800 μL

reached. The reasoning is speculated

(aq.)]. This introduced a little eluotropicity

total to afford sufficient eluting power in

to be to do with maximizing opportunity

by increasing in aqueous content and

unusual conditions that may demand it.

for capture by spacing out volumetrically

featuring a slightly alkaline pH; without

Decisively, in all the available

the species to be retained under a

enough alkalinity to neutralize the key

numerical detail over the low QC

flow that is as slow as is practically

ionic moiety in the bonded phase,

(LQC) and high QC (HQC) nominal

reasonable because, as mentioned,

particularly in the high-acetonitrile

levels, the recovery for GNV705 AS

high-energy electrostatic bonding

conditions, retention persisted. Elution was

was above 60% and the candidate

needs to manifest. Gravity alone gave

applied, with 2% ammonium hydroxide in

internal standard was in the same

suitable flow for this work, with the

[3:7 acetonitrile–water], highly aqueous to

region as calculated over the replicate

packing of the wells allowing flow at

fully solubilize the analyte, and sufficiently

set at the associated one nominal

each step, which came to 4 min at the

alkaline, with a pH of 11.5 as measured in

level. Specifically, the analyte recovery

most. With regards to the outcome of

the aqueous component, to neutralize the

was 64.1% and 62.0% at the LQC

the test, as shown in Figure 2, any such

sorbent. For the 100 mg packed bed,

and HQC levels, respectively, and

dependency did not seem overwhelming

we anticipated a void volume of 150 μL

57.4% for the internal standard.

for GNV705 AS, but was more apparent

and thus we included a test with 200 μL

for the IS, showing a quite definitive

total volume. This was not enough to effect

It may be speculated that a
marriage between a HILIC-based

FIGURE 3: HPE schematic. Adapted and reproduced from reference 3.

Condition sorbent with 1.0 mL of
[9:1, v/v, acetronitrile-2.0% formic acid (aq.)]

Sample Preparation
100 µL plasma
20 µL IS spike
700 µL 6% H3PO4(aq)

Load 0.800 mL sample

1st wash-wash with 1.0 mL
9:1, v/v, acetronitrile-2.0% formic acid (aq)

2nd wash-wash with 1.0 mL
8:2, v/v, acetronitrile-2.0% ammonium hydroxide (aq)

Elute with 2x0.400 mL 70:30:2
v/v/v, water-acetronitrile-conc. ammonium hydroxide

Evaporate plate to dryness at 35˚C

www.chromatographyonline.com

Reconstitute in 0.200 ml 6:4
[0.05% ammonium
hydroxide in 10 mM
Ammonium formate (aq)]:
acetronitrile
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hydrophilic-phase extraction. The method

TABLE 1: Inter-assay data. Adapted and reproduced from reference 3.

Nominal
Concentration
(nM)
Mean

was proven to be rugged and reliable
over a sequence of analyses using an

0.5

2

5

10

20

100

2000

0.440

1.80

4.81

10.4

21.3

113

2181

HILIC setup, “HOLIC”, interfaced with
the latest in accurate mass detection.

CV (%)

25.0

10.2

15.7

11.3

10.4

7.86

6.54

RE (%)

-12.0

-10.0

-3.90

3.56

6.35

12.7

9.03

sample extraction and a HILIC LC–MS

Outlook: Over the decades, silica‑based

analytical endpoint may not result in

SPE has become less popular in

analytical endpoint featuring our default
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three inter-day analytical batches

via the aminopropyl functionality. Only

were performed. From these, the bias

one condition step was used and, after

and precision ranged from -12.0%

sample load, a double-wash regime was

to 12.7%, and 6.54% to 25.0%,

applied at both low and high pH, thereby

respectively, over the calibration range

stepping up the aqueous and the basicity

of 500 pM to 2000 nM. The inter-day

to finally effect elution. We have

performance data are shown in Table 1.

given the extraction the moniker “HPE”,

12

6)

A. Alpert, J. Chromatogr. 499, 177 (1990).

7)

R. MacNeill, R.V. Acharya, N. Patel,
G. Parisi, K. Katto, and R. Lovich,
Bioanalysis 8(21), 2195–2203 (2016).

8)

L. Nuckowski, L.A. Kilanowska,
and S. Studzińska, J. Chrom. Sci.
4(58), 383–387 (2020).

Robert MacNeill is Head
of Method Development at
LabCorp Drug Development.
He received his bachelor’s degree
with honours in chemistry from
Heriot-Watt University, and his
M.Sc. in analytical chemistry from
the University of Huddersfield,
UK. Robert is also a Chartered
Chemist and Fellow of the Royal
Society of Chemistry, and has 24
years of experience in all aspects
of quantitative bioanalytical LC–MS
method development—with 15
of these spent heading method
development activities within LabCorp
Drug Development at the Somerset
(New Jersey, USA) site. Taking a
prominent role in innovation projects
with related R&D activities, Robert
has been an active contributor to the
scientific literature for many years.

LCGC Asia Pacific November/December 2022

GC CONNECTIONS

Split/Splitless Inlets in Gas
Chromatography: What’s Up with
All Those Different Glass Inlet Liners?
Nicholas H. Snow, Department of Chemistry and Biochemistry, Seton Hall University, New Jersey, USA

Over the winter break at the university where I work, I was ordering consumables for the upcoming semester.
As I was browsing the web pages at a major vendor for glass inlet liners, I was again impressed by the many
glass inlet liner options and geometries available for split and splitless inlets, still by far the most used today.
In this instalment, we will review the processes that happen in the inlet when a sample is injected, and use
this to make some sense of the many available inlet liner configurations. We will generate some best practices
and guidelines in selecting an inlet liner, but we will see that there is no one single liner that fits all situations.
Selecting the best inlet liner should be a step in all method development involving split or splitless injections.

Capillary gas chromatography (GC) has

capillary column is that the entire flow

both through the inside of the liner and

always suffered from some fundamental

path must be inert. In his book,

around the outside. An O-ring provides a

challenges regarding sample introduction

Grob describes that much research

gas-tight seal when the flanges and nuts

into the chromatograph. First, the liquid

has been done over the years to ensure

are replaced. Details of the flow paths for

sample must be transferred from a

that the flow path is inert and does not

split (and splitless) inlets and on general

syringe or other sampling device to an

react with or adsorb compounds from

troubleshooting and maintenance of inlet

open tubular column that most often

the samples. The flow path must also be

systems are discussed in most texts

has an inside diameter smaller than the

easy to clean, as it will eventually collect

including gas chromatography and on

syringe. Second, the injected sample

nonvolatile contaminants resulting

ChromAcademy, LCGC Asia Pacific’s

must be vaporized and homogeneously

from sample degradation. All of these

online learning platform (2). As a general

mixed with the carrier gas stream.

challenges led to the development of

maintenance and troubleshooting rule,

The sample/carrier gas mixture must

glass inlet liners to provide an inert flow

the glass inlet liner and O-ring should

be quantitatively and reproducibly

path that can accommodate the other

be replaced together on a regular

transferred into the open tube of the

challenges with vaporization of the

schedule, depending on the cleanliness

capillary column. Finally, the inlet must be

sample, mixing with the carrier gas,

of the samples being analyzed.

large enough to accommodate the full

and transferring that mixture to the

vapour volume generated when the liquid

column. Figure 1 shows a split/splitless

This highlights the need for a

sample is evaporated. As described in

inlet from above, with the top flanges,

the flow path that also solves the

the classical book by Grob, Split and

including the septum and septum

challenges mentioned above. Even

removable and replaceable liner for

Splitless Injection in Capillary Gas

nut, removed. Note that the inlet block

more challenging, a liner that works for

Chromatography, the many processes

and gas flow lines are all metal, which

one sample may not work for another.

involved with solving these challenges

can be highly reactive with organic

For the best performance, options

can be very complex, to the tune of this

compounds when heated, and would

must be tested and evaluated. In the

book being nearly 500 pages long (1).

be very difficult to clean. The inlet liner

remainder of this discussion, we will

A final challenge involved in

is glass, and usually fits loosely into the

examine principles of split and splitless

transferring a liquid sample into a

inlet body to allow for carrier gas to flow

injections that inform the choice of

www.chromatographyonline.com
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FIGURE 1: Close-up view of an inlet with the septum nut, septum, and top weldment

removed showing the O-ring and glass inlet liner. The glass inlet liner has a wide
inside diameter, indicating that it is for a split injection

high injection volumes, or low head
pressure. Note that increased head
pressure solved the problem with
excessive evaporation of water.
The inlet liner must also be inert to
any reactive compounds, both analytes

Gas lines
O-ring

and interferences. Nearly all inlet
liners for split and splitless inlets are
made from glass, which by itself is not

Glass inlet liner
for split injection

deactivated and can have free silanol
groups and other surface contaminants
that can react with or adsorb analytes.
One of the impressive options seen
at the vendors’ websites is the choice
of deactivation methods, which also

FIGURE 2: Inlet liners for split injections. (a) Deactivated classical cup-design showing the high

should be matched to the expected

surface area and curved flow path. The cup is visible in the circled area. The glare is caused
by the deactivation process; (b) simple straight tube with glass wool; (c) well-used straight tube
with glass wool. Note the contamination near the taper in the middle of the liner.

reactivity of the analytes. Not surprisingly,
deactivated inlet liners come at a higher
individual price. Being an academic
researcher, when developing a method,

(a)

I used to start with the most inexpensive
option and move to the more expensive
deactivated liners as needed. Today, I

(b)

simply purchase deactivated liners up

(c)

or poor quantitative reproducibility,

front, so I do not have to find out the hard
way, usually through poor peak shapes
that I need to change to a more inert
inlet liner. I also purchase deactivated
liners from the vendors. I no longer

liner, beginning with some overriding

enough, vapour can backflow into the

concerns that govern all liners.

carrier gas lines. Since that vapour will

attempt to deactivate them myself.
Next, we discuss glass liner choices

also contain vaporized analytes, those

for some specific situations, the most

The Two Overriding Concerns:
Inertness and Volume

analytes can condense in the gas lines

common split and splitless injections,

and eventually become eluted as ghost

and some special cases, including

Regardless of the injection technique

peaks or baseline drift. Solvent vapour

solid-phase microextraction (SPME)

being used, the inlet liner must be inert

volume calculators for common solvents

and programmed temperature
vaporization (PTV) systems.

to the samples, and must have large

and inlet conditions are available online

enough volume to accommodate the

(3,4). These calculators can be used

vapour generated when the sample

as guides for choosing the needed

Liners for Split Injections

is injected into the heated inlet and

volume for the inlet liner. Generally,

An ideal split injection requires that

vaporized. Depending on the solvent,

the chosen liner should have a higher

the sample be injected as quickly

inlet temperature, and inlet pressure,

internal volume than provided by the

as possible, vaporized as quickly as

typical sample solvents used in gas

calculator. Table 1 shows vapour volumes

possible, and mixed homogeneously

chromatography may generate anywhere

generated using the two calculators for

with the carrier gas, with the mixture
transferred rapidly to the column

from 200 µL to over 1 mL of vapour

some common conditions. Excessive

when evaporated in the inlet. If the

vapour volume occurs in relatively few

head. Rapid injection minimizes band

volume inside the inlet liner is not large

situations, usually with polar solvents,

broadening and is the primary cause of
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FIGURE 3: (a) 2 mm inside diameter straight inlet liner for splitless injections; (b) 0.75 mm

inside diameter straight inlet liner for SPME injections. Note the taper on the left end of the
SPME liner, which acts as a needle guide for the syringe.

injections must be a trade-off between
adequate internal volume to accommodate
solvent vapour and reasonable transfer
time for the vapour phase solvent/solute/
carrier gas mixture to the column.

(a)

The classical liner is a straight glass tube
with about 2 mm inside diameter, as seen
in Figure 3(a). A splitless liner usually
has a smaller internal volume than for

(b)

split. This is partially compensated by
slower vaporization, but the liner volume
should still be confirmed using a vapour
volume calculator. The tube ends may be

TABLE 1: Example solvent vapour expansion calculations using an online calculator and the
expected results. Assumes inlet temperature 250 °C, 1 μL injected and typical split injection liner
78.5 mm long with 4 mm inside diameter, with total volume about 1 mL and effective volume
500 μL (half of volume is occupied by carrier gas).

tapered or goosenecked to assist with
column installation or syringe insertion.
The liner may also be packed with glass
wool or an adsorbent material to facilitate

Solvent

Head Pressure
(psig)

Vapour Volume
(μL)

Result

Methanol

10

630

Excessive backflash

Methanol

20

450

Good!

Water

10

1400

Excessive backflash

Ethanol

10

450

Good!

microextraction (SPME) are a special
application of a split/splitless inlet in

Acetone

10

350

Good!

Hexane

10

200

Good!

Methylene Chloride

10

400

Good!

Iso-octane

10

150

Good!

Toluene

10

250

Good!

the sharp peaks characteristic of split

but both can be challenging with

solvent and sample vaporization.

Special Liners: SPME and PTV
Most injections using solid-phase

which no solvent is used. Since no
solvent is used there is no need for a
large volume to accommodate solvent
vapour. Since there is no need for a
large volume, a small, 0.75 mm inside
diameter straight tube inlet liner is

injection combined with temperature

reactive analytes; if active analytes are

most commonly used. One advantage

programming. To assist in vaporization,

involved, I recommend the additional

of SPME injections is that there is no

split liners have a large volume and often

expense of deactivated liners. If you

solvent, so there is no need for the inlet

have obstructions, baffles, or packing

look closely at Figure 2(c), you will

liner to have a large internal volume;

(glass wool or adsorbent) to facilitate

see some contamination in the glass

in fact, the smallest possible volume

vaporization. Figure 2 shows a typical

wool, providing evidence of the main

is best to reduce band broadening

cup-design glass inlet liner and two glass

challenge of using glass wool.

during the injection process. Figure 3(b)

wool packed liners for split injections.

shows a typical glass liner for SPME.

I usually start with the cup design,

Liners For Splitless Injections

Note the vary narrow inside diameter,

developed by Jennings and often

Splitless injection is a much slower

which is possible since there is no

referred to as the “Jennings cup” (5).

process than split. A rapid injection

solvent vapour, and the taper at one

The cup and associated tubing provide

with the syringe is followed by a

end, which provides a guide for the

a flow path that assists with vaporization

slow evaporation and transfer of the

needle to fit more easily into the

by the large surface area and mixing

vaporized sample to the column head.

small diameter. In the early days of

by the twisted flow path. In Figure 2, the

To reduce the band broadening caused

SPME, my group wrote on the details

cup is highlighted by the yellow oval.

by the slow sample transfer to the

of optimizing SPME injections using

Glass wool and baffles provide a less

column, temperature programming

the split/splitless inlet (6). The narrow

expensive alternative (especially glass

is almost always used with splitless

diameter liner becomes more critical

wool for samples with a “dirty” matrix),

injections. The inlet liner for splitless

as the analytes become more volatile.
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For semi-volatile analytes, a traditional
straight splitless liner will often work.
You may have a programmed
temperature vaporization (PTV)

TABLE 2: Summary of injection techniques and recommended starting points for choosing a
glass inlet liner

Technique

Goals

Start With

Split

Fast vaporization and
transfer to column

Large internal volume;
high surface area

Inert analytes: 4 mm
inside diameter cup
or glass wool
Active analytes: cup
Dirty samples: glass wool

Splitless

Slow vaporization and
transfer to column

Smaller internal
diameter

2 mm inside diameter
straight tube

SPME

Slow vaporization
and transfer to column
(no solvent)

Smallest internal
diameter

0.75 mm or 2 mm inside
diameter straight tube

PTV large
volume

Slow vaporization and
transfer to column
with large solvent
volume venting

Large internal diameter;
low thermal mass;
high surface area

4 mm inside diameter
with adsorbent packing

or multimode inlet that is capable
of several injection techniques in a

Liner Characteristics

single platform. The basics of these
inlets were discussed in a previous
“GC Connections” instalment (7).
If temperature programmed inlets are
used, the inlet and the inlet liner must
have a low thermal mass for rapid
heating and cooling, so inlet liners are
typically large internal volume with thin
glass walls. If large volume injections are
performed, the inlet liner usually contains
an adsorbent to accommodate the
large volume of injected liquid solvent.

chosen, if the results are not satisfactory,

liners are alike, and not all will solve

alternatives must be selected and

every problem. For best performance,

Choosing a Liner

tried by experimentation. Finally, when

they must be studied by experiment.

Basic characteristics of inlet liners

choosing a glass liner for a specific

for specific injections methods are

application, the classic first steps
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and the best column can be ruined by a

5)

W.G. Jennings, J. Chromatogr. Sci. 13, 185 (1975).

I prefer to start with a 2 mm inside

poor choice of glass liner. Unfortunately,

6)

P.D. Okeyo and N.H. Snow, LCGC North
Am. 15(12), 1130–1136 (1997).

7)

N.H. Snow, LCGC Europe 33(7), 347–351 (2020).

diameter straight tube, with no glass

there is no “killer app” for choosing an

wool or other obstructions. I then

appropriate glass inlet liner. Users are

consider options for a modified flow

best served by making an intelligent first

path, such as glass wool, should my

choice, usually simple, and appropriate

evaluation of the data dictate, usually

to the injection technique (split or

by seeing unsatisfactory quantitative

splitless) being used, thinking about the

reproducibility for repeated injections

expected chemistry of their samples and

of standards. The challenge with

standards and making changes, such

choosing a glass inlet liner is that there

as from cup to baffles to inserting glass

is no solution that fits all analyses and

wool, as analytical and chromatographic

situations. Once a starting point is

performance dictate. Not all glass inlet
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Minimizing the Risk of Missing
Critical Sample Information
by Using Two-Dimensional
Liquid Chromatography
Gerd Vanhoenacker1, Pat Sandra1,2, and Koen Sandra1,2, 1RIC group, Kortrijk, Belgium, 2Ghent University, Ghent, Belgium

Analytical requirements in the biopharmaceutical, pharmaceutical, and food industries, among several
others, are more demanding than ever. Chromatographic techniques are excellent tools to acquire detailed
information on a vast number of molecules and sample types. The present challenge in research and
development (R&D) as well as in quality control (QC) laboratories is to collect as much sample information
as possible. However, even with the current one-dimensional (1D) analytical portfolio, it is not possible
to fully ensure that all the relevant information from a sample is captured. This article illustrates the
power of an online two-dimensional liquid chromatographic (2D-LC) setup to unravel the complexity of
biopharmaceutical and pharmaceutical samples. This technology tremendously increases the resolving power
in all areas where LC is applied and drastically reduces the risk of missing an unknown in the samples.

Chromatographic instrumentation and

chromatographically overlapping peaks,

of missing critical information about

column technology are continuously

is very real. Figuring out ways to minimize

the sample persists. Missing relevant

evolving and the state-of-the-art equipment

this risk must be continuously explored.

compounds in the sample and not

used regularly today is quite impressive.

The hyphenation of chromatography

meeting the given analytical or regulatory

Ultrahigh-pressure liquid chromatography

with mass spectrometry (MS) generally

requirements can have serious economic

(UHPLC) has enabled laboratories to

improves analytical sensitivity and selectivity

consequences (delays), damage the

boost the chromatographic resolution,

significantly. Using MS can help the user

reputation of the department or company,

and hence the number of compounds

to detect compounds that otherwise would

and above all, affect safety and efficacy.

that can be separated in an analytical

be overlooked as a result of a lack in

The latter is obviously the reason for

run. Even with high-end systems and

signal intensity or interference from other

the considerable regulatory burden
associated with drug development.

well-developed one-dimensional LC

compounds present in the sample. LC–MS

(1D-LC) methods, the probability of

techniques are a big leap forwards,

missing critical information on the sample

but even these instruments are not always

reduce the above risk is two-dimensional

composition, for example, because of

able to provide the answers, and LC–MS

LC (2D-LC). In 2D-LC, two different

methods have more restrictions in terms of

chromatographic separation mechanisms

Major 1D-LC Pitfalls That Can

the chemicals (such as the mobile‑phase

are combined and peaks that are

Be Overcome by 2D–LC

buffers and additives) that can be used

eluted from the first column are further

•

Coelution resulting from

to execute the analyses compared

separated on a second column that

lack of selectivity

to other more traditional detectors.

ideally has an orthogonal separation

Insufficient resolving power

Furthermore, high-end MS instrumentation

behaviour. As a result, separation

•

for given sample complexity

is expensive to acquire and operate,

power can to a great extent be boosted,

•

Non-MS-compatible conditions

requiring substantial user expertise.

complementary information can readily

•

Matrix interference and MS
ionization suppression

18

An emerging tool to substantially

All of the above leads to the conclusion

be obtained (such as information

that even with the high performance of

related to molecular properties like size,

UHPLC and MS equipment, the probability

charge, hydrophobicity, and affinity),
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and separations can be rendered

This short contribution discusses

into any chromatographic method. This

MS-compatible, allowing the analyst to

the potential pitfalls associated with

obtain a detailed understanding of the

1D‑LC, and the 2D-LC approaches that

goal of ensuring sufficient selectivity is often
supported by using forced degradation

sample under investigation. Peaks can

can address those shortcomings.

or even process samples during method

be transferred from one dimension to

This discussion is briefly illustrated with

development. However, it is impossible

the other, either in an online or an offline

some relevant applications related to

to ensure full selectivity for all potential

manner. Historically, offline transfer has

pharmaceutical and biopharmaceutical

and real impurities and degradants in the

been the method of choice, but with

analysis (1–17). However, the reader

drug substance or drug product using a

robust, state-of-the-art, online 2D-LC

should take note that the same principles

single LC method. Therefore, evaluating
other methods with alternative selectivity

instrumentation and the elegant software

apply in other disciplines such as food,

solutions made commercially available

environmental, toxicological, chemical,

is a common and good practice to assess

in recent years, this technology has

and petrochemical analysis, to name a few.

peak coelution and prove peak purity.

found its way to mainstream laboratories.

One obvious example is the investigation

Coelution Resulting from
Lack of Selectivity

of chirality for a given active pharmaceutical

benefit of automation and reduced
sample manipulation, thus preventing

One of the most recurring analytical

separated in a purity LC method, typically

solute loss and degradation. In addition,

concerns in the pharmaceutical industry

in reversed-phase LC mode. Because

Such advanced systems offer the further

ingredient (API) and its impurities

automation inherently adds more reliable

relates to the lack of selectivity of methods,

the purity method is achiral, it would not

tracking of the entire workflow, in contrast

causing peaks to be coeluted, or a failure

supply information about the presence of

to manual or external tracking applied

to prove that the results demonstrate

enantiomeric impurities in a 1D-LC setup.

in offline approaches, thereby improving

adequate selectivity. Hence, it is crucial to

The sample or collected fractions would

traceability in regulated environments.

incorporate as much selectivity as possible

need to be analyzed with another method

www.chromatographyonline.com
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FIGURE 1: Analysis of a metoclopramide formulation stored at 40 °C using (a) 1D-LC,
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lmp C

1D-LC
RPLC
DAD 275 nm

0

(a)

Metoclopramide Formulation
Stored at 40˚C

10

30

40

(b)

hand, data from comprehensive 2D-LC

the presence of an unknown impurity
hidden underneath the main peak.

lmp D

It is crucial to detect these impurities and

Impurity hidden under API peak

degradation products early in the method

API

lmp C

lmp B

lmp A

show the presence of the API. On the other

dimension with alternative selectivity, reveal

Time (min)

D2, RPLC – 17.5 s

hides any impurities that may be eluted
in this region. MS data on this run only

is sent in discrete fractions to the second

20

2D-LC
RPLC×RPLC
DAD 275 nm

shown in Figure 1. The large peak of the
API observed in the UV chromatogram

(LC×LC), in which the entire first dimension

lmp D

100
80
60
40
20

lmp A
lmp B

Absorbance (mAU)

in a reversed-phase LC separation, and (b) comprehensive 2D-LC, using reversed-phase
LC in both dimensions (reversed-phase LC × reversed-phase LC). Detection: DAD,
275 nm. Of note, a generic reversed-phase LC × reversed-phase LC method was applied
applicable to a wide range of small-molecule pharmaceuticals.

small‑molecule API (metoclopramide) is

development process to streamline final
method development. It is because of this

D1, RPLC – 40 min

that multiple 1D-LC methods are frequently
developed and applied—to cover as
many impurities as possible. However,

and (b) comprehensive 2D-LC, using HILIC in the first dimension and reversed-phase
LC in the second (HILIC × reversed-phase LC). Detection: MS, ESI positive.

such an approach is time and resource

Abundance

FIGURE 2: Analysis of polysorbate 20 using (a) 1D-LC, in a HILIC separation,
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found in the literature that apply to small

antibody–drug conjugates (ADCs), and

POE-sorb

itan-monoe

sters

C12:0

ide-monoe

A multitude of examples can be
molecules, oligonucleotides, peptides,

itan-dieste

C14:0

in a single 2D-LC method may be the

proteins, monoclonal antibodies (mAbs),

C16:0

C12:0

easy task. Bundling alternative selectivities
better and more productive approach.

90

(b)

itan-tetrae

POE-isosorb

(a)

1D-LC
HILIC
MS

Polysorbate 20

consuming, and peak tracking is not an

more, illustrating the lack of selectivity
of 1D-LC and how 2D-LC sheds light on

sters

peak and drug purity and drug quality.
POE-isosorbide

POE-sorbitan

D1, HILIC, Ethoxylation – 100 min

Insufficient Resolving Power
for a Given Sample Complexity

and alternative (chiral) stationary phases.

mask the presence of low-abundance

The above discussion focuses on

By using an online 2D-LC instrument that

compounds. Selective detectors, such

potential chromatographic issues

combines a reversed-phase LC and a chiral

as MS, can sometimes reveal these

encountered in relatively simple yet

LC column, data on both the achiral and

impurities based on differential m/z;

challenging and difficult-to-resolve

chiral impurities can be obtained from a

however, the high API and matrix content

mixtures. The biopharmaceutical

single injection in a fully automated manner.

loaded onto the LC–MS system can

industry is evidently also confronted

Another typical challenge is related to

suppress the ionization and detection of

with many samples of high complexity

being able to demonstrate the absence or

coeluted impurities. In addition, coeluted

such as natural products, fermentation

presence of impurities due to degradation

isomers would often not be differentiated.

samples, reaction mixtures, digests,

or the synthesis reactions that might be

Therefore, it is advised to investigate such

antibodies, mRNA, and so on. It is

coeluted with the main peak. The main

samples with chromatographic methods

obvious that when sample complexity

peak is often overloaded and too broad

with alternative selectivity. An example

increases, the risk of losing or not

to reach the 0.05% reporting limit and can

of reversed-phase LC analysis of a

detecting valuable information rises.
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Peptide mapping is an appreciated methodology for the in-depth
characterization of therapeutic proteins, such as mAbs and ADCs.
The analysis is part of an extensive portfolio of chromatographic
methods that, on their own, already demonstrate the need for
complementary selectivities. Interestingly, there is a tendency
to combine several of these methods in multidimensional and
parallel setups, a principle known as multi-attribute analysis (12).
Peptide mapping demands the best in terms of chromatographic
separation because the complexity of the sample is substantially
increased following the generation of peptides. In digests of
larger therapeutic proteins such as mAbs, it is not uncommon to
encounter hundreds of peptides with different physicochemical
properties that are present in a wide concentration range. Despite
the feasibility of generating peak capacities up to 1000 in UHPLC,
the random distribution of peaks requires peak capacities in
excess of 10,000 to resolve 98% of a tryptic digest containing
100 peptides. As a result, peptide mapping using 1D-LC does
not provide the complete picture. In contrast, 2D-LC offers a
substantially higher peak capacity as long as the two dimensions
are orthogonal and separation obtained in the first dimension
is maintained upon transfer to the second dimension (13).
Regulations do not only require full characterization of the
API; guidelines concerning the evaluation of excipients are
also becoming more demanding. Some excipients, such as
surfactants, are highly heterogeneous and their analysis as a raw
material or in a formulation represents an additional challenge.
In addition, composition can change over time and stability needs
to be evaluated with the best chromatographic performance.
Polysorbates (Tween), for example, are commonly used surfactants
in pharmaceutical and biopharmaceutical formulations and
exhibit high complexity resulting from the synthesis process and
the inherent distribution already present in the raw materials
used. If the distribution within each group were relatively
narrow (degree of ethoxylation, fatty acid), a well‑developed
reversed-phase LC method could potentially suffice to profile
the polysorbate sample. Generally, however, natural mixtures
of fatty acids are used in synthesis and the ethoxylation degree
is relatively broad, making it very difficult to clearly separate all
groups from each other. MS can be used to increase selectivity
to a certain extent, but care should be taken for components
with the same elemental composition and molecular weight.
Consequently, 1D-LC will not be able to resolve all compounds
within those samples. Nevertheless, impressive profiles and
complexities have been revealed using 2D-LC (Figure 2) (14).

MS Compatibility
MS is nowadays an indispensable tool in analytical laboratories,
both in research and development (R&D) and quality control

www.chromatographyonline.com
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FIGURE 3: (a) 1D-LC–UV analysis of a glucagon system suitability solution per USP 39;

(b) and (c): Mass spectra taken after online desalting (2D-LC–MS) on a short polymeric
reversed-phase LC cartridge of the heartcuts for (b) the glucagon peak and (c) the first
desamido-glucagon peak. The MS spectrum of the desamido-glucagon peak reveals a
mass difference in accordance with deamidation.
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and validated methods that are not
compatible with MS. Figure 3 shows
the analysis of the peptide glucagon

(QC) environments. However, the direct

approach to retrieve an MS readout from

using an MS-incompatible mobile phase

hyphenation of LC methods to MS is not

an MS-incompatible run is to collect the

in accordance with the monograph in

always an option because of mobile-phase

peaks of interest offline using a fraction

USP 39 and the automated desalting

incompatibility. For legacy and compendial

collector (or manually in tubes) and desalt

of peaks of interest using a short

LC methods, the main reason is the use

or concentrate them before MS analysis.

reversed‑phase LC cartridge and

of involatile mobile‑phase additives such

Desalting or concentration is ideally

MS-compatible mobile phases in

as phosphate and ion‑pairing reagents

carried out during the re-injection of the

the second dimension. Clean and

that are incompatible with MS. In addition,

collected fraction onto an MS-compatible

adduct‑free MS spectra are obtained for

chromatographic modes, such as ion

LC method, typically reversed-phase

major and minor peaks (15). As a more

exchange (IEC), hydrophobic interaction

LC-based, in which salts are eluted

advanced example, a fully automated

(HIC), and size‑exclusion chromatography

before the compounds of interest.

(SEC), are used to highlight charge,
hydrophobic, and size variants of protein

The above process can be

four-dimensional (4D)-LC–MS protein
analyzer was recently described for

fully automated using (multiple)

characterizing mAbs. Charge variants
resolved by IEC were collected in loops

biopharmaceuticals, and are ideally run

heart‑cutting 2D-LC in which one or

with inorganic or nonvolatile mobile phases,

a couple of first‑dimension peaks or

installed on a multiple heart-cutting

which are also incompatible with MS.

fractions are collected in loops installed

valve and consequently subjected

on a valve followed by sequential

to online desalting, denaturation,

probability of missing crucial sample

transfer to a second chromatographic

reduction, and trypsin digestion prior to

information is real. A solution could be

dimension that takes care of the

LC–MS-based peptide mapping (16).

to perform an LC–MS experiment using

desalting, concentration, or both.

This innovation substantially reduces

similar yet MS-compatible conditions,

The second dimension optionally

turnaround time, sample manipulation,

In the absence of MS data, the

by, for example, replacing phosphoric

adds further separating power or

loss, and artifacts, and increases

acid with formic acid. In certain cases,

selectivity, which is further beneficial

information gathering. Unstable protein

success will lurk around the corner.

to discriminate in-source fragments

modifications, such as succinimide

However, more frequently, selectivity

from real signals. The existing method,

intermediates, which were not

would have changed too drastically, and,

and therefore the previously acquired

maintained when performing classical

in a worst-case scenario, separation

chromatographic profile, remains

in-solution overnight digestion of offline

would be completely destroyed. Another

unchanged and peaks or regions of

collected IEC peaks, were revealed.
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Sample Matrix Effects

In recent decades, the

environmental, toxicological, chemical,

In addition to the impact of mobile‑phase

chromatographic community has

additives, the sample matrix can

devoted a lot of attention to the

drastically influence MS behaviour.

development of 2D-LC. Recently,
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With the implementation of
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2D‑LC in the pharmaceutical and

all the new therapeutic modalities that

biopharmaceutical industry, the
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risk of missing relevant sample

today. To continue to bring safe and

information is substantially reduced
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stretches way beyond drugs to food,
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PRODUCTS

Preparative Pumps

Nitrogen Generator

Models ECP201L (max. flow rate 1000 mL/min) and
ECP203L (3000 mL/min) for preparative high‑pressure
liquid chromatography. According to the company, smart
built-in technology allows a wide range of performance
optimization, such as pressure compensation, because of
a learning algorithm and constant pressure running mode.
Numerous wetted materials modifications are available.

The VICI DBS HP Tower Nitrogen
Generator produces a 24/7
on‑demand supply of high‑purity
nitrogen with flow rates from
500 to 4000 mL/min, purity up to
99.999% and less than 0.1 ppm,
and THC pressure up to 5 bar.
The generator can be placed
close to the instrument, which
eliminates the need for
long gas lines from external
cylinder supplies.

www.ecomsro.cz
Ecom spol. s r.o., Chrastany u Prahy, Czech Republic.

Centrifugal Partition Chromatography
The Verity CPC Lab System combines a PLC
purification system with a centrifugal partition
chromatography (CPC) system for high-level target
compound purification. This automated, liquid–liquid
purification technique utilizes reusable, silica-free
chromatographic columns and specific molecules to
be isolated with high yields and purity, according to the company.

www.vici-dbs.com
VICI AG International,
Schenkon, Switzerland.

www.gilson.com
Gilson, Middleton, Wisconsin, USA.

Protein Kit

Headspace Sampler

This kit contains 10 different
proteins preweighted into
autosampler vials for the
convenient molecular weight
and radius calibration of
aqueous GPC/SEC systems.
The concentrations are optimzed
for UV detection @ 280 nm.

The 2t sampler is the first manual system for static headspace
that allows the quantitative application of this technique in a
simple and economical manner, according to the company.
The product meets all CE requirements. The sampler is
suitable for applications such as volatiles in pharmaceuticals,
flavour analysis in food and cosmetic products, alcohol and
other toxic compounds in blood, and many more.

www.pss-polymer.com
PSS Polymer Standards Service
GmbH, Mainz, Germany.

https://www.teknokroma.es/head-space/inyector-manual/
Teknokroma Analítica S.A., Barcelona, Spain.

LPGC–MS Column Kit
Multiresidue pesticides can be analyzed by LPGC–
MS in a third of the time required for conventional
methods, but LPGC–MS can be difficult to implement
because manual connections between different tubing
diameters are prone to leaks. Restek’s factory-coupled,
low‑pressure GC column kit makes getting set up as
simple as a column change, according to the company.
www.restek.com
Restek, Bellefonte, Pennsylvania, USA.
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ASASS III 2023
alpegor/stock.adobe.com

The Third Australian Symposium on Advances
in Separation Science (ASASS III) will take place
15–17 February 2023 in Hobart, Tasmania.
The first Australian Symposium on Advances in

Separation Science (ASASS I) was held in December 2008 at the University
of Tasmania, Hobart, the state capital of the beautiful island of Tasmania, Australia.
The inaugural symposium, then known as the ACROSS Symposium on Advances
in Separation Sciences, was chaired by Paul Haddad and was timed to mark the
60th birthday of its inaugural Chair. This first symposium was a great success,
attracting more than 150 separation scientists from over 18 countries.
ASASS II was held from 29 November–2 December 2016, and was once
again held in Hobart. The symposium, chaired by Brett Paull, opened its
doors to an international delegation of separation scientists, both young
and old, for three days of great science and social interaction.
After a further hiatus of six years, exacerbated most recently by Covid-19, the organizing
committee are once again delighted to be able to announce the call for delegates and
supporters of ASASS III. After missing the enjoyment and dynamism of face-to-face
symposia for over three years, the time has come for the separation science community
across Australia, the wider Australasian region, and indeed international delegates,

The 10th International Symposium
on the Separation and
Characterization of Natural and
Synthetic Macromolecules (SCM-10)
Rhone Congress Centre, Amsterdam,
Netherlands
E: info@scm-10.nl
W: https://scm-10.nl

1–3 MARCH 2023
Analytica China
Shanghai, China
E: info@analyticachina.com
W: www.analyticachina.com

18–22 MARCH 2023
Pittcon 2023
Pennsylvania Convention Center,
Philadelphia, Pennsylvania, USA
E: info@pittcon.org
W: http://pittcon.org

19–21 APRIL 2023

instrumentation, and spanning industrial analysis to the environmental sciences.

Analytica Vietnam
Saigon Exhibition & Convention Center,
Ho Chi Minh City, Vietnam
E: analyticavietnam@messe-muenchen.
de
W: www.analyticavietnam.com/en/

With a significant number of stimulating plenary, keynote, and invited presentations

24–26 APRIL 2023

to kick off each exciting session of contributed papers, ASASS III will provide all

34th International Symposium
on Polymer Analysis and
Characterization (ISPAC 2023)
Wallenberg Center @STIALS,
Stellenbosch, South Africa
E: contact@ispac-conferences.org
W: https://ispac-conferences.org

to come together and enjoy the benefits of our vibrant and popular symposium series.
Keeping with emerging tradition, the organizers will once again host ASASS in Hobart,
Tasmania. ASASS III will also continue the ambitions of the symposium to date and will
include an exciting variety of separation science, from advanced materials to advanced

delegates with a rewarding symposium, with ample opportunity for networking and social
interactions. With presentations from across the entire separation science community,
from early career researchers and research students to industry-based scientists and
internationally renowned leaders, ASASS III will provide opportunities for all to share
their science, with a commitment to diversity and the support of early-career researchers.
ASASS has at its core a desire to provide a unique and inspirational experience,
with value for money and a vibrant and exciting social programme guaranteed.
Changes to the traditional symposium format at ASASS III will involve the inclusion of a
full day’s programme dedicated to innovation and the future state of separation science,
which will give particular opportunity to early- and mid-career researchers (EMCRS)
to showcase the direction their research is taking the field of separation science.
The symposium programme will include a dedicated EMCR-industry collaboration session,
focused on success stories arising from academic-industry collaboration on separation
projects, which is to be followed by a panel-led discussion and social networking event.
ASASS III will be held at one of Hobart’s premium event and conference venue,
the Hobart Function and Conference Centre (HFCC), which enjoys a waterfront
location like no other. Abstract submissions for oral and poster presentations are now
welcome, covering all aspects of separation science, including, but not exclusive
to, “Materials for separation science”, “Separation technology and instrumentation”,

18–22 JUNE 2023
51st International Symposium
on High Performance Liquid Phase
Separations and Related Techniques
(HPLC 2023)
Congress Center Düsseldorf,
Düsseldorf, Germany
E: oliver.schmitz@uni-due.de/michael.
laemmerhofer@uni-tuebingen.de
W: www.hplc2023-duesseldorf.com

Please send any upcoming event
information to Kate Jones at
kjones@mjhlifesciences.com

“Applications of separation science”, and “Future state separation science”.
For more details see www.asass2023.org or email: vipul.gupta@utas.edu.au

www.chromatographyonline.com
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LPGC–MS Speeds Up Analyses Using the MS Vacuum
Jaap de Zeeuw and Jana Hepner

carrier gas flow rates within the MS vacuum pump capabilities; and can
maintain positive inlet pressure, despite the vacuum at the end of the
column. Here is a comparison of several common fast GC strategies to the
LPGC–MS approach used in Figure 1.
1. A shorter, narrower column
A 10 m × 0.10 mm column has similar efficiency (plate number)
and resolving power to a 30 m × 0.25 mm column. But this format has
very low column capacity, so low concentrations or injection volumes must
be used to avoid peak distortion.
2. A 30 m × 0.25 mm column run at a higher flow
Increasing the flow rate is the easiest way to reduce analysis time.
But, to get the 3× faster analysis shown in Figure 1, a flow of approximately
12 mL/min is needed. This requires an inlet pressure of approximately
63 psi, which is problematic for injection, MS data acquisition rate,
and MS pump capacity.
3. A 10 m × 0.25 mm column run at optimal carrier gas flow rate
A 3× shorter column has about 40,000 theoretical plates and should
speed up analysis by 3–4×, but the inlet pressure required for this
scenario is about 0.35 psi, which is very difficult to control. At such
pressures, split injection is a challenge, column trimming is barely possible

• 3× faster analysis of multiresidue pesticides in foods.
• Simple setup using a factory-coupled, leak-free kit.
• Ideal for fast GC–MS and GC–MS/MS methods.
Using a mass spectrometer as a GC detector has many advantages for
compound identification and quantification, but there is another less
known benefit: speeding up analyses by using the MS vacuum to lower
pressure within the column. This technique, also known as “vacuum‑outlet
GC” or “low-pressure GC–MS” (LPGC–MS), can provide significant gains
for fast GC–MS (1). For example, Figure 1 demonstrates that LPGC–MS
using an LPGC column kit is three times faster than a conventional
GC–MS analysis of multiresidue pesticides in food. Historically, the difficulty
of making a manual leak-free connection has been a barrier to LPGC
adoption but using a factory-connected kit makes leak-free installation
simple and allows the speed gains of LPGC to be reliably achieved.

Why Use LPGC–MS for Fast GC–MS?
There are several options for fast GC–MS, so what makes LPGC–MS
advantageous? For MS work, a 30 m × 0.25 mm column is usually used.
This format generates about 120,000 theoretical plates; has optimum

TIC: LPGC Column Kit and Method

XIC
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TIC: Conventional GC-MS Column and Method:
(30 m, 0.25 mm ID, 0.25 µm Rxi-5ms)
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Figure 1: Compared to a conventional setup, this LPGC–MS analysis of pesticides in food is 3× faster, even though a lower efficiency column is
used. Sensitivity may be higher because the increased linear velocity creates taller, narrower peaks. Note that even closely eluting peaks can still
usually be resolved by MS.
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Restrictor Column
The 5 m long, 0.18 mm ID deactivated restrictor
column allows head pressure to be maintained
in the GC inlet while pressure in the anayltical
column is reduced by the MS vacuum.

GC
Inlet

Gas Chromatograph (GC) with
Fast Oven Ramping Capability
Pre-Connected, Leak-Free
Column Connector
This insert, zero-dead-volume
connector is installed at Restek using
specialized tools and then tested to
ensure leak-free performance.

Mass Spectrometer
(and its vacuum pumps)

MS Transfer Line

GC Oven

Integrated Transfer Line Column
1 m length of deactivated, uncoated 0.53 mm
ID capillary tubing extending past the 15 m
coated analytical column section. Housed
in the same, unbroken length of tubing,
no connector is needed between the transfer
line and analytical column.

Analytical Column
15 m long, 0.53 mm ID capillary column
coated with 1 µm Rtx-5ms stationary phase.
These specifically chosen column dimensions
allow the MS vacuum to lower the pressure
throughout the entire length of the
analytical column.

Figure 2: How low-pressure GC–MS with an LPGC column kit works.

Implementation Considerations

because it affects pressure, and extremely narrow peak widths make MS
data acquisition challenging.
4. An LPGC column kit
An LPGC column kit consists of a 15 m × 0.53 mm analytical column that
is factory coupled to a 5 m × 0.18 mm restrictor column. This configuration
produces about 30,000 theoretical plates and can be operated at standard
flow rates of about 2 mL/min. Optimal carrier gas linear velocities are very
high because of the vacuum inside the 0.53 mm i.d. analytical column.
This results in very short analysis times (typically 3× faster compared to
a 30 m × 0.25 mm column). Peak widths are 1.5–2 s, which is broad
enough for MS data acquisition. In addition, the 0.53 mm column has
high capacity due to the 1 µm Rtx-5ms film.

Although the LPGC column kit makes the technique’s physical setup
much simpler and more reliable than manual connections, some method
development time is still required when translating a conventional
method. This includes setting the column dimensions (restrictor column
only) in the GC software and adjusting the oven ramp and flow rate
as necessary. Online method translation calculators should not be
used because they do not allow you to directly calculate new method
conditions for low-pressure GC. Although some method development
work is necessary when implementing LPGC, the significant increase in
sample throughput makes it a worthwhile investment.

How It Works

(1)

References
LPGC–MS speeds up analysis by using the MS vacuum, along with a
specially designed column setup, to lower pressure inside the entire
column. As Figure 2 illustrates, a 0.53 mm analytical column is inserted
directly into the MS, and a flow restrictor is used on the GC inlet side;
this allows low pressure to be maintained throughout the 0.53 mm
analytical column. The reason an LPGC column kit makes this technique
easier is because it provides a robust, zero-dead-volume, factory coupling
of the necessary restrictor column and the recommended analytical
column (which also includes an integrated transfer line). The LPGC
column kit has been specifically designed to install easily, and each one is
tested to ensure leak-free performance, meaning the setup for LPGC–MS
is now essentially as easy as changing a column.
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