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Note from the CEO

Mike Hennessy Jr.
President & CEO, MJH Life Sciences®

Wth 2023 drawing to a close, we're thrilled to present
the 2023-2024 edition of our annual Resource Issue,

a comprehensive guide featuring company profiles, product

profiles, application notes, and a directory of companies.

We are also pleased to provide you with the quality editorial
that you've grown to expect from LCGC. The effect of particle
monodispersity in HPLC column performance is the topic of
this month’s “Column Watch,” where we explore the impact
of particle size distribution on chromatographic parameters,
and discuss the trend towards improved monodispersity of
silica particles for enhanced HPLC performance.

Nick Snow reflects on current state of sample preparation
in GCin the first of a two-part “GC Connections.” Discussing
the results of a recent LCGC survey, Snow emphasizes the
critical role of sample preparation in gas chromatographic
analysis, setting the stage for a follow-up installment
focusing on specific sample preparation techniques and
their management.

“Focus on Food Analysis” examines automated aroma
and flavor profiling of honey using high-capacity sorptive
extraction. and demonstrates how this technique can combat
food fraud by uncovering subtle differences between tested
honey samples through automated statistical analysis.

Ourpeer-reviewed cover story, " Approachesto Accelerate
Liquid Chromatography Method Development in the

Laboratory Using Chemometrics and Machine Learning,”

explores innovative workflows and the implementation
of computer-aided methods, emphasizing the role of
machine learning in optimizing kinetic and thermodynamic
parameters for liquid chromatography.

Finally, our featured article, “Multi-Analyte Method
(MAM) for the Analysis of Agriculture Product Technical
Ingredients and Formulated Products,” provides valuable
insights into pesticide industry laboratories. This article
presents a multi-analyte method as a useful screening
tool for regulatory laboratories, offering an efficient and
accurate means of analyzing technical active ingredients
used in formulated products.

As 2024 approaches, the world of separation science
continues to advance at a dizzying pace, and we want
you to know we are working hard to stay at the forefront
of this scientific field and endeavor to keep our readers
fully informed of the latest developments. We encourage
you to explore these articles, columns, and features to stay
informed and inspired by the cutting-edge developments
in the field of chromatography.
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Troubleshooting Odds and Ends to Close Out 2023:
Questions from the Mailbag, and Second Opinions

Similar to Stephen Covey's “Seven Habits of Highly Effective People,” effective troubleshooters take a
systematic approach to liquid chromatography (LC) troubleshooting and rely on several key principles to help
them navigate the complex task of troubleshooting. In this installment | add to this list of principles described
in prior installments with three specific ideas: 1) Ask—does it make sense?; 2) Get a second opinion; and 3)
Join a chromatography discussion group to help grow your chromatography network.

Dwight R. Stoll

As 2023 comes to a close, I've been
reflecting a bit on the problems
with instrumentation that I've encoun-
tered this year, both through messages
from folks in my professional network
who ask me troubleshooting questions,
and in my own laboratory. In the process
of thinking about these various prob-
lems, a few themes have emerged, and
I think it is worthwhile sharing them here
because—at least on the timescale of a
career spent working with instruments—
they are relevant to all of us at some
point. I'm a big fan of systems—systems-
based approaches to tackling complex
problems, and a systematic approach
to problem solving. Maybe this is the
training | had as a young scientist rub-
bing off on other parts of my work, but
| think a systematic approach to liquid
chromatography (LC) troubleshooting is
very valuable because it leaves us with
“results” that we can interpret and use to
inform rational next steps in the trouble-
shooting process. If we don't follow a
systematic approach, the only tool we
have at our disposal is a trial-and-error
approach, which is usually frustrating,
and it can also be very expensive. In
this installment, | elaborate on this point
using troubleshooting cases I've encoun-
tered this year to emphasize important

things to keep in mind, including get-
ting a second opinion and the value of a
robust professional network.

In the October 2020 installment of
"LC Troubleshooting,” | wrote about
some essential principles of effec-
tive troubleshooting (1), referring to a
manual developed by the U.S. Army
that provides an introduction to logical
troubleshooting (2). The list of principles
included:

1. Change one thing at a time

2.Do no harm

3. Drawers are not repair centers

4. Build up knowledge about
expected behavior

5. Documentation helps in the

long run
6. Know when to ask for help

In this installment, I'd like to extend
this list with two additional ideas:
7.Does it make sense?

8. Get a second opinion

Developing troubleshooting habits
based on these principles can lead to
more effective and efficient trouble-
shooting over time, reduce stress over
instruments that don’t work, and lead
to significant savings in the cost of
instrument operation.

Does It Make Sense?

A few troubleshooting cases this year
have highlighted the importance of
asking a basic question when consid-
ering potential causes of instrument
malfunction, and potential solutions—
does it (that is, the cause or solu-
tion) make sense? Part of what makes
troubleshooting most analytical instru-
mentation challenging is that there are
so many ways for things to go wrong.
Given all these possibilities, it is also
not hard to come up with a pretty long
list of potential causes and solutions.
Moreover, it is typically prohibitively
expensive to actually evaluate all the
potential causes and solutions in the
laboratory. Thus, it is exceedingly
important to critically evaluate each of
them so that we can prioritize which
ones from the list we will actually eval-
uate. Prioritizing the wrong possibili-
ties can lead to a lot of wasted time,
effort, and money working through the
causes that are unlikely to be the real
problem, and the solutions that are
unlikely to work.

So, how do we actually evaluate the
potential causes and solutions? | guess
as individual troubleshooters we either
need to have the expertise and knowl-
edge needed to critically evaluate the

Icon Image: Joe Zugcic/Zugcic Photographers, Inc.
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causes and solutions, or we need to
seek out the expertise and knowledge
from other individuals or sources. As
| often say to my students, in 2023
the question is not whether informa-
tion on a particular topic exists, but
rather discerning which information is
"good” (as in correct, accessible, and
approachable), or “bad.” Determining
which troubleshooting advice is good
or bad can be tricky, especially if it
comes from a source unfamiliar to us.
At a minimum, though, we can ask a
simple, yet powerful question—does it
make sense? A couple of months ago
when | was playing around with Chat-
GPT, | asked it some LC troubleshoot-
ing questions. For example, | asked it:
"What should | do if the pressure on my
HPLC instrument is too high?” Some
of the responses made good sense,
including: 1) “Check the column:
Make sure that the column is properly
installed and has not been damaged.
Check for any clogs or debris in the
column that may be causing the pres-

DECEMBER 2023 LCGC NORTH AMERICA VOLUME 41 NUMBER 11 443

sure to increase”; and 2) “"Check the
flow rate: Verify that the flow rate is
within the recommended range for the
column and the instrument. If the flow
rate is too high, it can cause increased
pressure.” On the other hand, some
responses did not make sense at all.
For example: “Check the detector:
Verify that the detector is properly
calibrated and functioning correctly. If
the detector is not calibrated correctly,
it can cause increased pressure.” This
simply has no basis in reality. How
could calibration of a detector affect
the pressure drop in an LC system? In
this case, | would not seriously con-
sider evaluating this potential cause of
my pressure problems, and move on
to other possibilities instead.

Another real-life troubleshooting
example from the mailbag will help
illustrate the value of asking—does it
make sense? Earlier this year, a PhD
chemist with considerable experi-
ence in LC reached out to me about
a problem with a pump that had been

elusive. They explained to me that
the main symptom they observed
was bubbles in the waste line of the
pump during purging, and that after
purging, the pump would slowly lose
pressure to the point where the pump
was unusable. They also indicated that
the pump vendor suggested that the
cause of these symptoms was that
their method involved a high concen-
tration of a commonly used organic
solvent (and not tetrahydrofuran [THF],
by the way). My first reaction upon
hearing the facts of the case was that
the stated cause of the symptoms sim-
ply did not make any sense. | could not
imagine any physically- or chemically-
based line of reasoning that would
lead to this explanation. Although the
suggested cause of the problem could
possibly have been correct, it seemed
improbable, and there would be many
other explanations that | would put
on a list before the one that was sug-
gested. In the end, after further inves-

tigation, it turned out that the actual
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cause of the bubbles was that the
pump head was so loose that it was
drawing air into the pump head from
the back, and then pushing that air
out of the head, which manifested as
bubbles in the waste stream.

Get a Second Opinion,

Particularly if the Fix is

Going to Be Expensive

On two separate occasions in the past
year, a troubleshooting exercise I've
participated in has led to the conclu-
sion that a very expensive repair would
be required involving the replace-
ment of an electronic board. In each
case, the troubleshooting process
was guided remotely by a person very
knowledgeable about the particular
instrument. In the first instance, | con-
tacted a different person | knew that
had intimate knowledge of the instru-
ment, purely on a hunch that we should
double-check to be sure we were not
overlooking a different explanation for
the cause of the symptoms. Indeed,
the second person suggested a com-
pletely different potential cause, and it
turned out that resolving this problem,
which was entirely software-related,
resolved the root cause and we did not
have to replace any parts at alll Hav-
ing had this experience, it was natural
for me to seek a second opinion again
a few months later when we encoun-
tered a different set of symptoms with
the same instrument. Again, the sug-
gested remedy was replacement of a
very expensive electronic board. As in
the first case, a second expert on the
instrument suggested a different line
of inquiry that ultimately concluded in
finding that the observed symptoms
were software-related and could be
addressed at the level of the software,
rather than replacing electronic com-
ponents of the instrument.

No troubleshooter | know has a per-
fect track record, and sometimes the
best of us misdiagnose. The point here
is not that | think we can completely
eliminate those mistakes and over-
sights. Rather, the lesson |'ve learned
from these troubleshooting exercises
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is that if the conclusion of the exer-
cise is that I'm going to spend a lot of
time and money on a repair, then | will
always get a second opinion moving
forward. Much like it is common to get
second opinions on health matters in
cases where the suggested interven-
tion is going to be painful, expensive,
or both, we should also feel comfort-
able reaching out for a second opinion
in cases of troubleshooting complex
instrumentation where there is high
potential for misdiagnosis and painful
and expensive repairs.

Professional Networks Hold
Tremendous Value—Grow Yours,
and Use It to Help You
Troubleshoot

| live in the upper Midwestern state of
Minnesota in the United States, and
we have a local (regional) professional
organization for chromatographers and
those with some affinity for chroma-
tography called the Minnesota Chro-
matography Forum (MCF). | have been
involved with MCF in various ways for
approximately 20 years, but currently
| chair the Symposium and Educa-
tional committees. At our most recent
board meeting, we were discussing
the trajectory of the organization and
related factors including a lot of turn-
over in membership as we see long-
time members retire, and many new
people coming into the field. We also
discussed how the Covid-19 pandemic
has or has not affected how scientists
and their employers interact with an
organization like MCF. At one point
during the discussion one of the board
members asked rather pointedly—
what is our response to people who
ask what is the value of membership in
MCF? In other words, why should they
bother joining and regularly attend
MCF events (typically three quarterly
meetings and an annual symposium, in
our case)? | think this is a fair question,
especially in 2023, post-pandemic, in a
time when it seems increasingly likely
that people turn more to Al tools like
ChatGPT for answers rather than con-
sult the historical sources of expertise,
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such as books and expert sources like
LCGC magazine. However, as | thought
about the question after our board
meeting, alongside of my thoughts
about this installment of LC Trouble-
shooting, it occurred to me there is a
deep and important connection here.
A big reason to join a chromatography
discussion group is that it can be a
really efficient way to grow your profes-
sional network, and a network of 10, or
30, or 100 chromatographers that you
can reach out to at the drop of a hat
to get some troubleshooting advice is
invaluable. Just think about this—an
annual membership in the MCF costs
a whopping $25. This fee buys you
admission to quarterly MCF meetings
where you get to know tens of other
chromatographers in the area. There is
a good chance that one of them will
have good advice when you encounter
the next problem with your LC instru-
ment that you can't answer. If their
advice saves you from a single visit by
a service engineer, this will probably
save you or your employer enough
money to pay for a lifetime member-
ship in the MCF.

On a related note, recently Dr. Jim
Grinias and | interviewed Dr. Kevin
Schug for LCGC's podcast Analytically
Speaking (www.chromatographyonline.

com/analytically-speaking-podcast). |

like to finish these conversations with
some quick, light questions, and one
of them is: "If you could wave a magic
wand and solve any problem in your
laboratory, what it would it be?” Kevin’s
answer (paraphrasing here) was that he
would wish to have service contracts for
all the instruments in his laboratory. As
an academic researcher (Kevin is at the
University of Texas at Arlington), instru-
ment maintenance is an acute, persis-
tent challenge because the organiza-
tions we typically seek funding from
(as well as our host institutions), such
as corporate sponsors and govern-
mental agencies, are not fond of pay-
ing for instrument maintenance. My
point in bringing this up here is that
in laboratories where funds for service
contracts simply are not available, hav-
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ing a professional network to lean on
for troubleshooting advice (and some-
times even loaning instrument parts!) is
very valuable.

What Other Chromatography

Discussion Groups Are There?

| don't have a comprehensive list of
chromatography discussion groups
around the world, but a considerable
number of groups in the United States
are listed at the SIS website: www.
sisweb.com/referenc/sites/chmtgrop.

htm. Some of the groups | have person-
ally interacted with over the years are
the Chromatography Forum of the Del-
aware Valley (CFDV; www.cfdv.org), the
North Jersey Chromatography Discus-
sion Group (www.njcg.org), and CASSS
(www.casss.org). | especially encourage
young scientists and new users of chro-
matography to find a discussion group
and start building a network of separa-
tion scientists that they can reach out
to in the future for troubleshooting or
other professional advice.

See Semivolatiles Clearly with Rugged, Reliable
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Summary

In this installment of “LC Trouble-
shooting,” I've discussed some hab-
its and practices that can improve
the effectiveness and efficiency of
any troubleshooter. These include
asking the question “does it make
sense?” when considering the poten-
tial causes of a problem with an LC
instrument, as well as potential solu-
tions to solve the problem. Also,
increasingly, | think that getting a
second opinion on a diagnosis of an
instrument problem is a good idea,
especially when the solution that is
suggested to solve the problem is
expensive, intrusive, or both. Finally,
| strongly encourage chromatogra-
phy users to engage a local chroma-
tography discussion group as a way
of building a professional network
of separation scientists. These net-
works are great resources for us to
call upon when troubleshooting a
specific LC problem, or looking for a
second opinion.
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The Effect of Particle Monodispersity
in HPLC Column Performance

Many developments in silica particles used in liquid chromatography (LC) have been well documented over the
years. The move from irregular silica to spherical silica, the decrease in particle size from >5um particle in high
performance liquid chromatography (HPLC) to sub-2-um particle size in ultrahigh-pressure LC (UHPLC), the
improved silica purity of type B silica over that of type A silica, and more recently the adoption of superficially
porous particles compared to traditional fully porous particles. One area of development that has been
discussed less, and is still open to debate, is the particle size distribution (PSD) of these chromatographic
materials. In this article, we discuss the move towards improved monodispersity of silica particles for use in
HPLC and how the use of monodisperse particles can impact the resulting chromatographic parameters such
as reduced plate height and column impedance. On a practical level, we review how the reduction of PSD
impacts efficiency, backpressure, and sensitivity.

hromatographic phases have come
a long way since the early large pel-
licular particles that were in the range of
30-80 um. In the 1970s, 10-pm and 5-pm
spherical fully porous particles (FPPs)
superseded pellicular particles and
became the dominant particle of choice.
Since then, particle sizes have been
reduced still further with 3-um and sub-
2-um diameters, adding a higher degree
of efficiency to separations, albeit at the
expense of increased backpressure.
Silica-based spherical FPPs have
many benefits, including a high surface
area, high physical strength, and robust
nature of the columns produced. This is
why silica remains today the number one
support material for chromatographic
stationary phases despite the availabil-
ity of other materials such as carbon,
polymeric supports, zirconia, and hybrid
materials, which have all been evaluated
over the years. Because of the high sur-
face area and the highly reactive nature
of amorphous silica, there are few limi-
tations to the stationary phase types
that have been bound to the surface to

enhance selectivity. This combination of
selectivity from the stationary phase and
efficiency from the particle is paramount
to any separation in high performance
liquid chromatography (HPLC) and ultra-
high-pressure LC (UHPLC).

Many early silica powders developed for
use in chromatography were generated
by the destabilization and aggregation
of silicate solutions. They possessed
irregular morphology and broad particle
size distribution coupled with high impu-
rity levels from metal ion contaminants.
In 1968, Stober and associates (1)
designed a process for growing non-
porous silica particles. By mixing alkyl sili-
cate with ammonium in a water-alcohol
solution, the formation of spherical silica
particles was achieved, with the ability to
produce different particles sizes by alter-
ing the reaction conditions. The problem
was that this produced non-porous parti-
cles only. Later developments led to sur-
factants and porogens being introduced
as a modification to the Stober process

(2), which allowed silica morphology to
be manipulated, producing what we
know today as fully porous silica particles.

Commercial silicas produced using varia-
tions of the modified Stober process tend
to have a wide particle size distribution
(polydisperse). Previously sub-2-um, mono-
disperse particles have been manufactured
and been assessed in literature (3,4). How-
ever, the major drawback of these early
attempts was the lack of scaling between
particle sizes, meaning its use as a commer-
cial phase was limited. By carefully manipu-
lating the processing conditions, a new
commercial, monodisperse FPP (MFPP) has
been produced. This process has been tai-
lored to produce particle sizes ranging from
sub-2-pm through to 10 pm.

The difference in uniformity between
polydisperse and monodisperse particles
can be seen in Figure 1. The scanning
electron microscopy (SEM) images of tra-
ditional HPLC particles and new mono-
disperse particles visually highlights the
uniform size distribution of the new mono-
disperse particles.

To accurately quantify particle size and

Icon image: Joe Zugcic, Zugcic Photographers, Inc.
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distribution, techniques such as electrical
zone sensing or laser diffraction are com-
monly used. To characterize the particle
size distribution generated by either of
these techniques, the ratio of Dy,,, may
be applied to gauge the degree of size
uniformity of the particles. The parameter
D90 signifies the point in the size distribu-
tion, up to and including, 90% of the total
volume of material in the sample is “con-
tained.” For example; if the D0 is 6 um,
this means that 90% of the sample has size
of 6 um or smaller. The definition for D50
is then the size point below, in which 50%
of the material is contained. Similarly, the
D10 is the size below, in which 10% of the
material is contained. This description has
long been used in size distribution mea-
surements. As the particle size distribution
for chromatographic silica moves towards
monodisperse then the D90 and D10 val-
ues become closer together and the Dy,
ratio moves toward a value of 1.

Using a Coulter Multisizer 3 (Beckman
Coulter Inc.), an electrical zone sensing
instrument, we measured two commercial
3-pm porous silicas and compared against
the MFPP. Figure 2 shows the particle dis-
tribution of two commercial 3-um spheri-
cal silica samples in comparison with the
MFPP. As can be seen, both commercial
silicas have a much broader size distribu-
tion than the monodisperse material, with
one having a slightly smaller mean particle
size and the other a slightly larger mean
particle size than the 3 um specified in the
manufacturer’s literature.

The Dy, values calculated from the
size distribution data can be seen in Table
1, where the traditional particles possess
Dggy1o Values greater than 1.5. In comparison,
the new monodisperse particles achieve a
Dggy1o of 1.1. To this day, commercial silica
columns containing particles with these
high Dy, values (>1.5) are being success-
fully used with an acceptable level of col-
umn efficiency for the user. Theoretically, we
should now expect these monodisperse
particles to improve column performance.

Origin of Efficiency with a MFPP

Figure 3 shows a graph of the average col-
umn efficiencies obtained for twenty 150 x
4.6 mm columns packed with a 5-um poly-
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FIGURE 1: Particle SEM imaging, (a) commercial polydisperse silica particles, and (b)
monodisperse particles (Fortis Technologies Ltd).
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FIGURE 2: Particle size distribution measured by Coulter counter. Measuring aperture
50 pm, aperture current 800 pA, measurement diluent is Isoton Il. Color Key: Green
is commercial 3 pm silica sample A; Blue is commercial 3-um silica sample B; Red is
monodisperse commercial 3-um silica sample. Resulting numbers are shown in Table I.

TABLE I: Results from Coulter counter analysis of three samples of commercial silica.
Pore volume has to be similar so electrolyte concentration within the particle is the same.

Monodisperse Commercial Commerecial
Silica Silica A Silica B

Mean particle size (d50) 2.66 uym 2.49 pm 297 um
Doo/1o 114 158 1.61
Pore volume ccg™’! 0.89 0.88 0.89

disperse C12 (internal Fortis Technologies
bonding) with a Dy, value of 1.5. An aver-
age efficiency of 72,500 plates per meter
(p/m) was achieved. A monodisperse 5um
particle exhibiting a Dq,,, of 1.1 with iden-
tical C12 bonding realized an average
efficiency of 114,000p/m over 20 packed

columns of identical dimension. There-
fore, a gain in the region of 57% efficiency
because of the difference in the monodis-
persity of the particles was achieved.
When the experiment was repeated
with 20 columns of 3-um particles, the
average efficiency for traditional polydis-
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(b)

>65% Efficiency Gain
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FIGURE 3: Efficiency gains over traditional porous particles. Each bar represents the Average of 20 packed columns of each material.
(a) 5 um traditional porous particles Dy, 1.5 and 5 um monodisperse particles Dy, 1.1. (b) 3 pm traditional porous particle and 3 um
monodisperse particle. All columns: 150 x 4.6 mm; 60:40 acetonitrile:water, flow rate TmL/min, wavelength 254 nm. Analytes: uracil,

phenol, propiophenone, butyrophenone, napthalene.

perse 3-um particles was 98,000 p/m. Monodisperse particles
achieved 165,000 p/m on average.

Figure 4 shows a typical chromatogram from each batch
of monodisperse and polydisperse columns or packed col-
umns. Using the 3-um C12 150 x 4.6 mm columns, efficiency
is shown to be significantly higher on the monodisperse
column, as would be expected. Efficiency is manifested
chromatographically as improved resolution and sensitivity.

This research will continue to include multiple column
diameters (that is, 3 mm and 2.1 mm i.d. columns) to ascertain
the contribution from packing and to ensure it is represen-
tative across dimensions and is not adversely influenced by
increased wall effects or the inherent difficulty in packing nar-
row bore columns.

So, What Causes This Efficiency Increase Seen in HPLC
Columns Packed with Monodisperse Particles?

Assuming the particles are packed under controlled conditions
and testing has been optimized (reduced dwell volume of sys-
tem to a minimum), there will be three main parameters which

contribute to lower reduced plate heights (5) (h as defined

i
min
in the van Deemter equation. The first term, A (Eddy diffusion)
is the function of the size and distribution of the interparticle
channels or nonuniformities in the packed bed. Secondly, the
B term is inversely proportional to linear velocity so describes
the molecules diffusion in the axial direction into and out of the
pore structure. Finally, the C term which is proportional to linear
velocity represents the mass transfer of the molecule from the
solvent into the particle stationary phase and back again.

When superficially porous particles (SPP) with narrower
particle size distributions came to market (6.7), it was widely
assumed that their lower h . counts were attributed to
the narrower PSD, allowing the formation of homogenous
packed beds and therefore, a reduced A term, coupled with

a smaller impact from the rapid mass transfer of solutes into
and out of the reduced porous shell structure. Further stud-
ies (8,9) have suggested that longitudinal diffusion into a
lower pore volume could be a more significant contributing
factor than was initially envisaged. With MFPPs, we should
potentially see the same gains from the A term (Eddy dif-
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Impedance of two commercial particles and a monodisperse particle, all
marketed as 3 pm in the manufacturer’s literature. Size measured by Coulter counter.

fusion) as SPP particles first imagined.
Since both have an almost identical
level of monodispersity with Dy, val-
ues around 1.1.

If pore size, pore structure, pore
diameter and mean particle size do
not differ between MFPP and tradi-
tional porous particles in any signifi-
cant respect, the flow path around a
homogenous well packed column bed
will have to be the main contribution
to the much-enhanced efficiency seen
for MFPP columns. Further study will
be required to ascertain the individual
contributions.

By moving to monodisperse high efficiency
particles, do we have a positive or detri-
mental effect on column backpressure?
There is evidence in the literature to
suggest that it is difficult to differenti-
ate between the contribution of PSD on
the column backpressure as opposed to
the impact of column packing process
itself. Daneyko (10) suggested column
packing was a high contributing factor.
Cabooter (11) suggested a small PSD was
key. Liekens (12), similar to Dewaele (13),
fabricated mixed particle sizes to try and
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determine the impact of PSD, concluding
that while there was no significant drop in
hmin
at higher elution speeds there was both a

when used at optimum linear velocity,

drop off in efficiency and also significant
increase in backpressure.

Anecdotally, we see in our early evalua-
tions that, although column packing pro-
cesses impact on the resulting efficiency,
there is a clear improvement in column
performance when monodisperse parti-
cles are compared with polydisperse par-
ticles without any discernible increase in
backpressure. These new MFPP in various
particle sizes will aid in the evaluations
since until now narrow PSD was only really
available with SPP particles.

In our laboratory, we studied the col-
umn backpressure of commercial silicas,
each possessing different PSDs (Table
). This was done by packing each silica
under identical pressure and flow condi-
tions, to ensure parameters such as sedi-
mentation rates played no part in the
ensuing results. Silicas were selected that
possessed the same pore volume and
pore diameter. From the results shown
in Figure 5, we can see that although
the mean particle size affects the back-
pressure, the degree of monodispersity
(Dgy/10) did not. This would tie in well with
the opinions of Dewaele.

Because of the much higher surface
area available on the MFPP than the
SPP, sample loading can be increased
without loss of peak shape, efficiency,
and therefore, resolution. Currently,
this is where we see limitations in the
performance of SPP particles.

The monodisperse particles stud-
ied in this article have a surface area
of 350 m?/g thereby offering higher
retention as well as increased loading
capacity. When peak overload occurs,
critical separations, such as a parent
peak and its impurities, become com-
promised and the loading capacity is
significantly reduced potentially up to
a 10-fold difference.

A loading study was performed, for
both SPP and MFPP, by steadily increas-
ing the mass of sample that was injected
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Loading study on (a) monodisperse fully porous particle, and (b) SPP particle.
Compound: napthalene at 6 different concentrations. Both columns 150 x 4.6 mm, mobile
phase 50:50 acetonitrile:water. Axis labels are Time (min) for x-axis and Voltage for y-axis.

onto the respective column (Figure 6). It
can clearly be seen how efficiency drops
rapidly as overload quickly occurs on
SPP particles. The importance of this
issue is significant when considering the
development of analytical methods for
any new molecular entity (NMEs) that
will ultimately require purification once
they move to a manufacturing process.
The ability to move from a UHPLC sub-
2-um particle in initial method devel-
opment to a 5-um or 10-um FPP in a
production environment relies on the
ability to have a scalable particle at a
non-prohibitive cost that is available in
multiple column diameters. Because
of the processing costs involved in the
manufacture of SPP materials, they are
often not commercially available in
larger preparative column dimensions,
and those that are can be prohibitively
expensive. By contrast, these new MFPP
materials are produced by conventional
manufacturing methods at no more
expense than the current commercial
silicas. Therefore, they can be supplied
in all preparative column formats at a
cost affordable to most production sites
requiring this type of chromatography.

The primary goal of HPLC is the sepa-
ration of one or more analytes within
a mixture. Focusing on increasing effi-
ciency alone is analogous to overcom-
ing only part of the challenge posed by
separation science.

Selectivity is an often-overlooked con-
cept as the majority of analysts will start
method development with the selec-
tion of a C18 stationary phase running a
simple aqueous: organic mobile phase.
Although this approach is great for sim-
plicity and with a relatively high percent-
age success rate, it does not always allow
for the separation of complex samples or
closely related species. The separation
challenges that lie ahead include isomers
and molecules with near identical struc-
tural properties as well as complex sam-
ples from, for example, biological sources.
These challenges require the resolving
power of stationary phase selectivity.

If we can expand on the traditional sta-
tionary phase characteristics by introduc-
ing not just alkyl chain hydrophobicity (that
is, C18 and C8), but by their halogenated,
aromatic, or polar character, then these sec-
ondary mechanisms will promote greater

analyte-stationary phase engagement. Fig-
ure 7 shows the separation of a diverse mix-
ture of compounds on two, predominantly
C18 alkyl chain phases, however one has
aromatic secondary character and one has
pentafluorophenyl (PFP) secondary charac-
ter. It can be clearly seen that in some areas
of the chromatogram the phases appear to
be quite similar in selectivity, whereas with
some of the components there are large
shifts in resolution between analyte pairs.
This is the type of movement that can then
be tuned for the NME and its impurities in
initial method development screening.

Further surface modifications produced
by manufacturers to offer enhanced selec-
tivity are far too numerous for the scope
of this article and have been character-
ized in multiple ways, such as the Tanaka
(14) protocol, Engelhardt (15) test or the
Synder, Dolan (16) hydrophobic-subtrac-
tion model. The reader should take some
time to review as much of this work as
possible as it offers a good insight into
the diversity available in stationary phase
design over the years along with many
good examples of application develop-
ment to solve challenging separations

The more selectivity that can be
imparted from the stationary phase the
less demand there is to manipulate the
mobile phase, temperature or pH range.
Changes in the organic mobile phase
component seem to have become
somewhat limited in RP chromatogra-
phy because of miscibility, safety, cost,
and environmental impact of solvents.
Fully porous monodisperse particles
available with a wide range of orthogo-
nal stationary phases will therefore allow
the separation scientist to optimize
selectivity and speed of analysis without
the need for exhaustive method devel-
opment or pushing the extremes of pH,
additives or solvent mixtures.

This simplification leads to more
robust, reproducible methods which is
a productivity gain within our develop-
ment process.

There have been many developments
in particle technology over the years
aimed to improve performance, result-
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FIGURE 7: Selectivity on a (a) monodisperse C18/AR, and (b) a monodisperse C18/PFP.
All columns are 3 pm 100 x 2.1mm. Mobile phase A: 10 mM ammonium formate pH 3.0,
B: 10 mM ammonium formate pH 3.0 in a cetonitrile. Flow rate is 0.4 mL/min., wave-
length is 254 nm, temperature is 40 °C. Compounds are: 1. hydroquinone, 2. theobro-
mine, 3. paracetamol, 4. theophylline, 5. paraxanthine, 6. 4-hydroxybenzoic acid, 7.
2-acetamideophenol, 8. caffeine, 9. phenol, 10. aspirin, 11. 2-hydroxybenzoic acid, 12.
4-nitrophenol, 13. 4-chloracetanilide, 14. 2-nitrophenol. Axis labels are Time (min) for

x-axis and Signal (voltage) for y-axis.

ing in chromatography with increased
speed, efficiency, and sensitivity. How-
ever, these changes always appeared
to provide a benefit at the expense of
another parameter, whether that be
the high backpressure trade-off for the
efficiency gain in UHPLC, or the lim-
ited sample loading and cost trade-
off made for the efficiency gain seen
with SPP particles. With the develop-
ment of a monodisperse fully porous
particle (MFPP) there is now a com-
mercially available silica support that
brings performance benefits without
associated drawbacks.

MFPP particles have now been opti-
mized to a degree where commercial-
ization has now been achieved. Improv-
ing the particle morphology has led to
gains in efficiency over existing porous
particles in the region of 50-60%, giving
greater sensitivity and resolution. These
gains are attributed to the reduced
A-term as a result of the better flow path
through the interstitial spaces in the
packed column bed.

Our studies show when comparing
equivalent 3-um monodisperse packed
beds and polydisperse packed beds we
see no discernible backpressure differ-
ences that could be attributed to the

improved monodispersity. By increasing
monodispersity we have in effect simulta-
neously eliminated both small and large
particles, and their respective contribution
to increasing and decreasing back pressure
is therefore canceled out. Hence, we see
no net increase in backpressure.

By maintaining a fully porous struc-
ture in these monodisperse particles
we show the high surface area leads to
high sample loading capacity. Our load-
ing studies showed a >4-fold increase
in capacity on a simple pharmaceutical
molecule when comparing to a high effi-
ciency core-shell particle.

We acknowledge how even with the
enhanced efficiency of a monodisperse
particle, a choice of orthogonal station-
ary phases is critical to the more complex
samples faced in the current pharmaceu-
tical and biomolecule workflow. This topic
will be covered in further articles.

Further study of these monodisperse
particles will revolve around additional
comparison with SPP, trying to under-
stand all of the contributions leading
to the source of the efficiency gains.
Assuming the A-term, particle size and
packing density are similar with both,
what is the difference between C-terms?
Also, can you compartmentalize the col-
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umn packing process impact from the
particle architecture contributions?

In summary, MFPP offers high effi-
ciency, high surface area with homog-
enous well packed column beds for
analytical through to preparative scale
chromatography. Method development
and method transfer can move seam-
lessly from initial UHPLC through to pre-
parative scale production environment.
In particular, 3-um MFPP particles have
been shown to offer gains in efficiency
similar to UHPLC particles without a
trade off in increased backpressure or
loading capacity.
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Reflecting on the Influence of the Current
State of Sample Preparation on GC, Part 1

Nearly all gas chromatographic analyses are preceded by sample preparation, which is often the major determiner of success.

Recently, LCGC surveyed its readers about their work in sample preparation, covering the overall state of the field, and the results were
presented in the “Sample Prep Perspectives” column. In this installment, we discuss the impact of part 1 of this survey, which covers
broad questions about who does sample preparation, the fields they work in, and their most important aspects and goals for sample
preparation on the gas chromatographic analysis that follows. We see that sample preparation has been (and remains) a critical step in
any gas chromatographic method. In a second installment, we will discuss the impact of specific sample preparation techniques and
their management on gas chromatography, following the release of part 2 of the sample preparation survey.

Nicholas H. Snow

S ample preparation and sample injection
are often the most challenging steps in

a full gas chromatographic method. Gas
chromatography (GC) is generally amenable
to liquid and vapor phase samples, and in
most applications, the sample must be in
the vapor phase as it enters the column. This
can be seen in the most common injection
techniques, split and splitless, in which a lig-
uid sample is injected using a syringe into an
inlet where it is vaporized. Sample prepara-
tion for GC can be online, with direct interfac-
ing, usually through a transfer line, between
a separate sample preparation technique,
such as static headspace extraction, or offline,
with samples prepared separately, aliquoted
into vials, usually as solutions, and injected as
liquid samples.

Table | provides a summary of some sam-
ple preparation techniques commonly used
with GC for solid, liquid, and vapor samples.
Typically, for solid samples, the solid is dis-
solved or otherwise treated, followed by
one of the techniques for liquid samples.
Commonly, solid samples are dissolved in
a solvent, but they can also be extracted
using a number of instrumental techniques,
including headspace extraction, accelerated
solvent extraction, and microwave assisted
extraction. Liquid and vapor samples can be

injected "neat,” but usually require sample
preparation to remove nonvolatile or reac-
tive sample components.

In LCGC surveys reported in 1991 (1) and
2023 (2), we see that sampling and sample
preparation occupied over 50% of analyst
time in a typical analysis, so the importance
of sample preparation cannot be overlooked.
In both surveys, analysts were also asked
about the most important error sources in
their methods, with the sample preparation-
related responses of sample processing,
operator and contamination combining for
just over 50% of the responses in 1991 and
about 37% in 2023. In 2023, calibration was
stated as the largest single contributor to
error, while in 1991, it was sample processing.
This change was attributed to the rise in auto-
mation over the past 30 years. Interestingly,
the major sources of error in most gas chro-
matographic methods are likely outside of
the instrument, either in sample preparation
and handling (which happens prior to the
chromatographic analysis), or data analysis
(which happens following chromatography).

Subtleties Fundamental to All
Sample Preparation Techniques
From Table |, we see that nearly all sample
preparation techniques used with GC

involve a phase transition and phase equilib-
rium, just as GC depends on the theory of
equilibrium between the mobile (vapor) and
stationary (usually liquid or solution) phases.
A brief review of phase equilibrium applied
to GC and sample preparation will show
principles common to all sample prepara-
tion techniques. The chemical equation and
equilibrium constant expression for a phase
transition, shown in equation 1, are among
the simplest that describe a chemical pro-
cess, but there are many subtleties.

K — [A}extract

(1]

Asample < Aextract [A]sample

The first subtlety is the consequences of
the value of the equilibrium constant. This
determines how much of the analyte can be
transferred from one phase to the other in a
single extraction step. In GC, a single extrac-
tion step is analogous to a single theoretical
plate, as we saw last year in our discussion
of the classical Golay equation (34). Figure
1 shows a comparison of several common
extraction methods, including solid-phase
microextraction (SPME), liquid-liquid extrac-
tion (LLE), and low-volume LLE. The mole
ratio of a hypothetical analyte extracted from
an aqueous phase into an organic phase is

Icon Image: Joe Zugcic/Zugcic Photographers, Inc.
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plotted against log K. If K'is large, indicating
that the analyte is much more soluble in the
organic phase than the aqueous phase (as
is commonly seen in gas chromatographic
methods, when extracting organic com-
pounds from water or other aqueous systems
into an organic phase), then a nearly com-
plete, or quantitative, transfer of the analyte
from the aqueous phase to the organic phase
is possible.

The second subtlety, also seen in Figure 1,
is seen in the relative volumes of the sample
(in this case aqueous) phase and the extract
(organic) phase. The micro-liquid-liquid extrac-
tion (MLLE) case is a low, but roughly equal,
volume of both phases, volumes that would
fitinto a single autosampler vial; the high case
is a large volume of aqueous phase extracted
with a small volume of organic phase, while
the low case is like MLLE, but using a smaller
volume of organic phase and a large volume
of aqueous phase. Finally, SPME represents
an extreme volume difference with the very
low-volume coated fiber immersed in a large
volume of aqueous sample.

The third subtlety is that while equilibrium
constants may be very large or very small,
they are finite. This means that in any extrac-
tion system, even with a very large constant,
some amount of the analyte will remain in
the original phase. This challenge opens an
additional idea that has not been explored
much in the literature. If the equilibrium con-
stant is small, multiple extractions form the
same sample, using a fresh extraction phase,
can result in appreciable extraction of the
analyte when the separate aliquots of the
extraction phase are combined.

A fourth subtlety is that for any chemi-
cal reaction or process, especially extraction,
reaching equilibrium takes time. Even in the
simplest of systems, a “dilute and shoot”
procedure, the diluted liquid must be mixed.
When diluting one liquid by another, how
does the analyst know that the two liquids
have fully mixed into a homogeneous mix-
ture? Mostly, we count on indirect evidence
based on our judgment of the time and vig-
orousness of mixing, appearance of the solu-
tion, and reproducibility of the data. The same
questions apply to simply dissolving solids.
Mostly, we determine that the solid has dis-
solved when we no longer see particles, and
we also know that no solid dissolves instantly.
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TABLE I: Sample types amenable to common sample preparation techniques for GC

(S = solid, L= liquid, G = gas).

“Neat"” injection LG
Dissolving in a solvent S, L
Liquid-liquid extraction (LLE) L
Solid-phase extraction (SPE) L
Sorbent Extractions (SPME, SBSE) LG
QuEChERS L
Headspace extraction (SHE, DHE) S, L
Membrane extraction LG
Supercritical fluid extraction (SFE) S
Accelerated solvent extraction (ASE) S
Pyrolysis S
Thermal desorption S
Microwave assisted extraction (MAE) S
1 . s
0.8
¢ 07 f/ /f —+ MLLE
¢ 06 / / = SPME
> 05
S 04 / i High
03 J /
- 7 Low
0.2 -7
0.1 ¥
0 —u—l—l!—!-ﬁ'i‘y—v—y—y—
2 -1 0 1 2 3 4 5 6
log K

FIGURE 1: Comparison of some extraction methods. MLLE-liquid-liquid extraction with
both phases of low volume; SPME-solid-phase microextraction; High-large volume of
aqueous phase extracted with a small volume of organic phase; Low-like MLLE but using
a smaller volume of organic phase and a large volume of aqueous phase.

In short, when diluting or making solutions,
allow sufficient time for complete mixing.

We see, from the simplest of techniques,
that all sample preparation methods require
time to come to equilibrium. This amount of
time may be on the same order of or longer
than the time required for the chromato-
graphic separation. Our fifth subtlety in all
sample preparation techniques is kinetics.
While equilibrium determines how much
analyte we can transfer between phases,
kinetics determines how long it takes. Due
to the variety and complexity of most sam-
ples, the kinetics of extraction must be deter-
mined experimentally and may vary widely
for seemingly similar samples.

Fortunately, coming back to the simplicity
of equation 1, most extraction techniques fol-
low or approximate first order kinetics. In the

simplest case, we have individual particles
partitioning between two phases. Extraction
kinetics may be complicated by additional
matrix components in the sample phase that
bind or adsorb the analytes of interest. In any
method development involving extraction,
the kinetics of extraction should be carefully
studied. A kinetic plot for a simple and fun
extraction is shown in Figure 2. This is the
extraction of fats from a chocolate bar using
supercritical fluid extraction (5). In this case,
time is measured by the volume of supercriti-
cal carbon dioxide delivered at constant flow.
This is a quantitative extraction example, but it
shows the key elements of extraction kinetics.

For the best reproducibility and maxi-
mum recovery, extraction should be allowed
to proceed for long enough so that the
amount extracted is expressed on the flat,
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FIGURE 2: Extraction of fat from a candy bar using supercritical fluid extraction. Reprinted
with permission from reference (5). Copyright 1996, American Chemical Society.

nearly horizontal part of the curve. Small
variations in the extraction time or condi-
tions will have the least effect on this por-
tion of the curve. Shorter extraction times,
where the curve is steeper, can be used
with calibration, but at the risk of larger
uncertainty and impact of minor variations
in the extraction conditions.

A sixth subtlety is the experimental uncer-
tainty inherent in the use of glassware for vol-
umetric measurements and sample transfers.
The most common experimental error that
impacts all analytical methods, including GC,
is the experimental error and overconfidence
involved with any use of volumetric glass-
ware, which is often assumed to be error-free,
but is not. A second, often hidden, error is
seen in the volume of the glassware itself,
as pipets and flasks have increasing relative
uncertainty as their volumes get smaller. This
is discussed in detail in a previous column,
where we see that smaller volume flasks and
transfer pipets introduce larger experimental
uncertainties, and that, with improved instru-
mentation over the decades, these uncer-
tainties may eclipse those from the instru-
mentation or other method steps (6). In short,
there is a tradeoff of increased experimental
uncertainty when using serial dilution meth-
ods or any method that requires additional
sample transfers and volume measurements,
which use smaller solvent volumes and sin-
gle-step dilution, which uses larger volumes.

In summary, six subtleties in sample prep-
aration result from the seeming simplicity of
equation 1.
¢ The equilibrium constant determines how

much can be extracted.
® The relative volumes of the two phases

determine how much can be extracted.

e Equilibrium constants, large or small, are
finite. There is always some analyte in both
phases.

e Dissolving and mixing take time.

e Extractions are subject to kinetics.

e Glassware has inherent experimental
uncertainty.

Returning to the survey results, Raynie
points out some interesting changes since
2003 that, along with the subtleties, provide
some interesting challenges and observa-
tions about the current state and future of
sample preparation for GC. In the survey,
several shifts are seen since 2013, with new
fields, including cannabis, cosmetics and
personal care and a drop in the percentage
of users reporting work in pharmaceuticals.
In all industries, there are both increased
regulation and pressure to “go green” with
reduced solvent and consumable usage,
miniaturization, more efficient laborato-
ries along with lower detection limits and
reduced experimental uncertainties (7). Inter-
estingly, the subtleties can work against these
pressures, as the kinetics of extraction often
work toward longer extraction times and
lower sample throughput, and the glassware
uncertainty favors larger samples and more
solvent usage. When evaluating techniques,
users report the greatest importance in price,
time, recovery and low contamination.

Sample preparation and GC are inher-
ently connected. One cannot run a gas chro-
matograph without samples, and all samples
require some amount of preparation, from
the simplicity of loading “neat” samples into
vials, through the complexity of on-line instru-
mental extractors, such as accelerated solvent
extraction (ASE), supercritical fluid extraction
(SFE), and headspace. All extraction tech-
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niques are subject to equilibrium, kinetics and
experimental uncertainty, as is GC. With GC
becoming simplified over the decades, the
often-overlooked time, complexity, kinetics,
and equilibrium involved in sample prepara-
tion may often be the most important and
challenging steps in the full method.
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Automated Aroma and Flavor Profiling of
Honey Using High-Capacity Sorptive Extraction

Honey is prone to food fraud, where either a less desirable honey is misrepresented as a more desirable

one, or honey substitutes are used to bulk the original product. This article demonstrates how high-capacity
sorptive extraction can be used to extract aroma compounds spanning a wide volatility range from different
honey samples. Automated statistical analysis was used to uncover subtle differences between the honey
samples, to determine possible markers of authenticity and help to combat fraud.

Rachael Szafnauer

H oney is a natural aromatic sweet-

sugars. The remainder comprises fla-

ener comprising 95% water and

vonoids, proteins, vitamins, free amino
acids, and volatile organic compounds
(VOCs), which give different honey
varieties their distinctive characteris-
tics (1). Unfortunately, honey is open
to food fraud, where an inexpensive
honey is misrepresented as a more
desirable one, or honey substitutes
such as cheap sweeteners or sugar syr-
ups are used to add bulk to the original
product (2). Traditional authentication
techniques, such as solid-phase micro-
extraction (SPME) and solvent extrac-
tion, are becoming obsolete because
they involve time-consuming sample
preparation and pollen analysis by spe-
cially trained analysts. As a result, a new
type of analysis is required. This article
demonstrates how a high-capacity
sorptive extraction technique can be
used to sample key aroma compounds
in different types of honey samples to
assess their potential for use as unique
markers of authenticity. The different
properties of the compounds in honey
mean that sorptive phase combinations
must be selected carefully to maximize
uptake and achieve the most compre-
hensive profile.
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FIGURE 1: Automated sample extraction workflow on the Centri platform.

Experimental

The samples analyzed were five dif-
ferent varieties of honey, including a
mass market honey, hobbyist honey,
forest honey, Manuka honey, and
Welsh honey. A sample of golden
syrup was also used as a sixth sample
for comparison. The samples were
prepared in a 20 mL headspace vial
containing 1 g of sample and 1 mL of
water. Vials were crimp-capped and
sonicated, and the analytes extracted
from the headspace (Figure 1). For head-

space extraction, HiSorb DVB/CWR/
PDMS inert-coated (H4-AXAAC) probes
were used, with the whole process being
fully automated using a Centri 360
extraction and enrichment instrument
(all Markes International). Each sample
was analyzed five times for reproduc-
ibility, and the scan range on the gas
chromatography-mass spectrometry
(GC-MS) system was 35-450 m/z. The
software used for data mining and che-
mometrics was ChromCompare+ (Sep-
Solve Analytical).
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FIGURE 2: Aroma profiles of syrup (red), mass market (blue), hobbyist (purple), Manuka (pink), forest (light green), and Welsh honey

(dark green).
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Results

Aroma Profiling of Honey

The aroma profiles generated for each sample (Figure 2) indi-

cated that some compound classes were common to all the

honey samples, but others differed between samples. Each

class contributed characteristic aromas; for example, ketones,

common in all samples, confer buttery and nutty odors.
Multiple esters were discovered in all samples, which was

not unexpected given that this group of compounds provides
sweet and fruity aromas. Aldehydes were prominent, bestow-
ing fresh, green, and herbal notes. Alcohols, which add fresh
flavors to honey, were a large component. They can occur natu-
rally or as a result of heat treatment during processing (3).

Furans, known for their sweet woody notes, are also common
in honey and are typically present because of the dehydration
of reducing sugars in the matrix. Their presence can also indi-
cate that thermal processes and storage after collection from
hives have degraded the sugars in the honey (2).

Overall, the honey profiles had common descriptors of fruity
and sweet notes. However, naphthalene, an aromatic hydrocar-
bon commonly derived from coal, was also highlighted as an
odorinone honeysample. This off-odor may have come from the
smokeusedbybeekeeperstocalmbeesbeforeremoval ofhoney
from hives (4).

Combating Food Fraud Using Markers
To distinguish the key variances between samples, a cus-
tom library of VOCs in each sample was created using the


mailto:Sales@sonntek.com
https://www.chromatographyonline.com/

WWW.CHROMATOGRAPHYONLINE.COM DECEMBER 2023 LCGC NORTH AMERICA VOLUME 41 NUMBER 11 459

Components for Honey
Mass market

Syrup . .
d Forest

020

Welsh

. o

4, g o,
. Hobbyist

FIGURE 3: Principal components analysis score plot in the software for the comparison of honey varieties extracted using DVB/CWR/
PDMS HiSorb.
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FIGURE 4: Comparison of relative abundance for the top 20 differentiating compounds
identified in five honey varieties and a golden syrup.

as confirmatory markers when classify-
ing samples of unknown origin that are
labeled as Manuka.

Conclusions

Analysis of the VOC content of
foodstuffs is important in the food
and beverage industry, with a wide
range of applications in research
and development, quality control,
shelf-life assessment, and the detec-
tion of food fraud. A common tech-
nique in food VOC profiling is sorp-
tive extraction, wherein compounds
partition from food onto a sorptive
phase and are transferred to analyti-
cal instrumentation such as a GC-MS
system for separation and detection
(5). Sorptive extraction offers a highly
sensitive, robust, and fully automat-
able extraction solution, and provides
excellent results in GC-MS-based
analysis of foodstuffs.

This article has demonstrated that
sorptive extraction is a highly effi-
cient technique for the VOC profiling
of honey samples. The technique was

used to extract a wide range of com-
pounds, particularly those with key
aroma and flavor properties.
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Approaches to Accelerate Liquid Chromatography
Method Development in the Laboratory Using

Chemometrics and Machine Learning

Liquid chromatography (LC) is the single largest analytical field in terms of people involved and money spent.
LC is crucial for almost all public and private sectors and the technique has seen tremendous technological
advancements. Nevertheless, separations are often performedundersuboptimal conditionsandtechnological
capabilitiesremain unused. Because expertknowledge and method developmenttime are increasingly scarce,
methodsare ofteninefficient. Exploitingthefulltechnological capabilities of liquid-phase separationtechnology
requires deep knowledge and greattime investments. Method optimization strategies that can simultaneously

optimize the large number of parameters involved are therefore of great interest to chromatographers.
This review examines different workflows that have been designed and used to facilitate and/or automate
method development. In particular, focus is paid to the implementation of computer-aided workflows
for the optimization of kinetic and thermodynamic parameters in LC, as well as on the possibilities to
conduct this in a closed-loop fashion. Finally, the opportunities to use machine learning to achieve these

goals is addressed.

Gerben B. van Henten, Tijmen S. Bos, and Bob W.J. Pirok

Decades of research and develop-
ment have allowed liquid chro-
matography (LC) to become the reli-
able and robust technique that we
know today. This has paved the way
for the development of increasingly
advanced two-dimensional LC (2D-LC)
methods with increased peak capaci-
ties, better use of mass spectrometry
(MS), and new opportunities such as
in-line reactions (1). For complex sam-
ples a 2D-LC method can be much
faster than a one-dimensional (1D)-LC
counterpart (2,3).

The development of 2D-LC has largely
been driven by the growing interest of
society and industry in understanding
the increasingly complex and diverse
samples, each with their own challenges
associated.

The need to implement more power-
ful separation technologies is growing
faster than the number of qualified users
of multidimensional chromatography.
The leading cause hampering further
proliferation is the considerable amount
of resources required for method devel-
opment. This task is ever more daunting
as method parameters are numerous
and often interdependent, increasing

the experience required to use all capa-
bilities effectively.

This is illustrated in Figure 1, where
the technological complexity (that
is, the cost) is sketched against the
information density (the benefit).
There is a disproportionate increase
in resources required to obtain further
information. State-of-the-art separa-
tion technology such as 2D-LC can
only make an impact if it can be effi-
ciently employed.

Tofacilitate this, researchers worldwide
have been designing strategies with soft-
ware to simplify method development
(4-6). These and other method develop-
ment and optimization strategies cap-
italize on theoretical understanding to
simplify the method development pro-
cess, as well as maximize its potential—

"

similar to the motto “work smarter, not
just harder” (7). This review will map the
method development process and iden-
tify categories of parameters that can be
targeted. Different method optimization
approaches that simplify or even auto-
mate sections of this workflow will then
be examined. Finally, the opportunities
to use machine learning to achieve in
this context will be addressed.

Objectives of Chromatographic
Method Development
Chromatographic method development
is affected by the aim of the method.
The optimization approaches for LC
method development can be roughly
classified as targeted and untargeted (8).
Targeted approaches focus on specific
analytes, whereas untargeted methods
attempt to characterize the entire sam-
ple. This article will focus on untargeted
methods, as targeted methods tend to
have dedicated goals that cannot easily
be generalized.

Generally, an analyst will start method
development by using any information
available on the sample chemistry, for
example, Giddings’ sample dimensions
(9), literature, and other resources to
select an initial column (often a gener-
al-purpose column available in the labo-
ratory) and generic method parameters
(a generic linear gradient).

After the initial instrument parame-
ters are established, the method can be
evaluated based on its ability to provide
the required critical information. When
the method does not provide this infor-
mation, method parameters can be
adjusted to improve the method. This
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process is generally termed optimi-
zation. In chromatographic literature,
the term optimization often represents
divergent intentions based on the
objective and the stage of the method
development process. Indeed, “opti-
mization” can refer to sample prepara-
tion (10), kinetic parameters that affect
efficiency (11), the selection of a suita-
ble stationary-phase chemistry (12), a
reduction in analysis time (8), and so on.
The common denominator in each case
is that method parameters are adjusted
with the aim of obtaining the desired
information more effectively. Typically,
this is evaluated through metrics that
quantify the quality of separation, also
known as quality descriptors.

To maximize the ability of a method
to characterize a sample, untargeted
approaches are often driven by such
quality descriptors. For example, in
the case where an analyst encounters
a chromatogram saturated with peaks,
maximization of the peak capacity (that
is, the number of peaks that can be sep-
arated by the method) can be employed
as a quality descriptor.

Untargeted optimization suffers from
the vast number of adjustable param-
eters and the large interdependence
between these. It is inherently difficult
to predict whether a change in param-
eters will result in an improved method.
Improving one metric (analysis time)
may result in worsening another met-
ric (resolution). Computer-aided devel-
opment of a chromatographic method
thus requires a balanced approach.

Resolution to Adjust a Chromato-
graphic Method:

One useful quality descriptor that quan-
tifies the degree of separation, yet also
instructs on possibilities to improve it, is
the resolution (equation 1):

_ lro— ey

Ry = 20, + 20,

("

Here, the separation between ana-
lytes 1 and 2 is expressed with ty and
o representing the retention time and
peak standard deviation. When assum-
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ing that both analytes experience a
similar column efficiency (that is, N, =
N,), we can rewrite equation 1 as fol-
lows (13):

(2]

Now, we have resolution quantified as
the product of three contributions: effi-
ciency (N), selectivity (o), and average
retention factor (k). Equation 2 demon-
strates that the only means to adjust
the separation is to change something
within either of these three parameters.

At this point, it is important to
acknowledge the significance of sam-
ple preparation and the crucial effect
this has on the method development
workflow. Sample preparation tends

to be highly sample dependent, and
it has been extensively treated else-
where (14,15). It is outside the scope
of this review.

Equation 2 can be schematically
expressed in the context of method
development workflows as depicted
in Figure 2, which represents a typical
case often faced by chromatographers.
After having used their experience to
select an appropriate column and ini-
tial method parameters, chromatogra-
phers are recommended to first adjust
the method conditions by altering
thermodynamic parameters that affect
retention and selectivity. For example,
they may change the gradient program
or—if necessary—adjust the selectiv-
ity dramatically by selecting a differ-
ent column or mobile-phase chemistry.
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Finally, they may opt to improve the effi-
ciency or analysis time of the method
by regarding the kinetic parameters.
Different approaches that have been
developed to facilitate method devel-
opment through automated workflows
or chemometrics will be reviewed in the
following sections.

Kinetic Parameters

Improving the efficiency (that is, the
theoretical plate number) of the sepa-
ration provides a clear metric relevant
to method optimization, as it increases
the peak capacity for the separation
and decreases the likelihood of coelu-
tion. For 1D-LC it is possible to predict
how different parameters will affect
the efficiency. Another method is the
use of kinetic plots (16). However, the
square-root dependence of R_on N
implies a rapidly diminishing return on
investment.

In comprehensive two-dimensional
liquid chromatography (LCxLC), kinetic
optimization schemes can be applied to
substantially improve the method. This
is attributed to the additional parame-
ters, including the second-dimension
(D) column dimensions, and phenom-
ena such as under-sampling (of the 'D
effluent) and 2D sample-dilution (17).
Vivo-Truyols and associates proposed
the use of sample-independent Pareto
optimization (PO) for LCxLC (18). In this
chemometric-driven approach, multiple
method parameters (column dimen-
sion, flow rates, gradient slope) were
varied and the effects thereof were
evaluated using (theoretically related)
quality descriptors such as peak capac-
ity, analysis time, and dilution factor.
The authors demonstrated that opti-
mizing the kinetic parameters can be
highly rewarding and that this approach
is suited to deal with tradeoffs between
different objectives. The PO method
provided optimal values for a large
number of parameters, including 'D
and 2D particle sizes and column diam-
eters, while taking into account pressure
restrictions.

This work was extended by the group
of de Villiers (11,19,20), who applied the
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PO strategy for the chromatographic
separation of a phenolic red-wine extract
(19), implemented a predictive kinet-
ic-optimization tool for a hydrophilic
interaction liquid chromatographyxre-
versed-phase liquid chromatography
(HILICxreversed-phase LC) separa-
tion of procyanidins (11), and used the
same tool to compare reversed-phase
LCxHILIC and HILICxreversed-phase LC
for phenolic analysis (20). In all cases,
optimization of kinetic parameters pro-
vided higher peak capacities and pro-
duced valuable knowledge on the influ-
ence of under-sampling, dilution factors,
and band broadening.

Thermodynamic Parameters
Selectivity in liquid chromatography
is influenced by the thermodynamic
parameters related to analyte interac-
tions with the mobile and stationary
phases. Changes in mobile phase com-
position, gradient program, stationary
phase chemistry, pH, or temperature
can significantly affect the distribution of
peaks in a chromatogram. While modi-
fying the mobile phase, pH, or tempera-
ture is relatively straightforward in theory,
in practice this may not suffice to meet
the objectives of the separation. Chang-
ing the stationary phase in principle
requires a re-optimization of the mobile
phase, making it more expensive in
terms of effort (apart from the column
cost), but generally provides broader
changes in selectivity.

Various strategies and workflows have
been described to select appropriate
chemistries for both the mobile and
stationary phases in LC. One such strat-
egy involves optimizing the parameters
through a Design-of-Experiments (DoE)
workflow, in which sets of parameters
(for example, mobile phase, temper-
ature, pH) are varied and an extensive
screening is performed, often on multi-
ple columns, to determine the optimum
approach. Similar approaches are com-
monly used in the industry (21). They
may be efficient in terms of manpower
required, but can be quite inefficient
in terms of numbers of measurements,
time, solvents, and instruments required.
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For column selection, stationary
phase characterization methods aim to
simplify the end user’s choice of sta-
tionary phases based on characterizing
the physicochemical interactions with
small-molecule probes. For an extensive
review the reader is referred elsewhere
(22). The best-documented example
is the hydrophobic subtraction model
(HSM) developed by Snyder, Dolan, and
co-workers, which may be used to select
columns with different selectivity (23).

Recently, workflows have emerged
related to selectivity screening for 2D-LC
method development. For example,
Zhang and associates developed a mul-
tiple heart-cut 2D-LC setup for pharma-
ceutical purity testing that enabled auto-
mated screening of the 2D selectivity (24).
In other work, Wang and co-authors
(25) used an automated column screen-
ing framework for analyzing chiral and
achiral impurities, with online multiple
heart-cutting 2D-LC; in a similar study,
Zhang and co-workers described fast
chiral and achiral profiling of com-
pounds with multiple chiral centres by
an LC-multicolumn-LC approach (26).
Together with automated data acquisi-
tion, these workflows constituted a step
forwards, but interpretation and pro-
cessing of the data are still dependent
on manual input and user experience.

Interpretive Automation

In an ideal scenario, a method devel-
opment workflow must be capable of
integrating all previously discussed
parameters and optimizing these in an
automated and interpretive manner.
In this context, the word interpretive
implies that the chromatograms are inter-
preted as a result of the elution of the indi-
vidual analytes. In the workflow the peaks
should be tracked and simple models
may be established for each analyte—all
of this in an unsupervised and automated
manner. Based on the analyte models,
many chromatograms can be simulated
and the objective function can be opti-
mized. Such a method development
workflow has the potential to minimize
manual input and the expertise required
for developing complex methods.
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Bos and associates developed the
AutoLC approach, in which the mobile
phase gradient was optimized in a
closed-loop fashion (27). Based on an
earlier theoretical LCxLC proof-of-prin-
ciple study (28), and the pioneering
work of Dolan and co-workers (29), Bos
and co-authors designed an algorithm
that could accommodate different
chemometric optimization strategies.
Two examples were presented: one
using empirical retention modelling,
and one using the machine-learning
Bayesian optimization technique. In
both cases, the algorithm developed
multi-segment gradient programs to
optimize the retention and selectivity
of separations of a monoclonal anti-
body digest by LC-MS.

The examples above demonstrate the
possibility of including computer-as-
sisted optimization strategies for kinetic
and thermodynamic parameters in
automated workflows. However, despite
the significant progress made, three
major challenges remain that need to
be addressed to achieve a closed-loop,
interpretive algorithm for developing
LC methods in a completely unsuper-
vised and automated manner.

The first and arguably most impor-
tant challenge is to define quality
descriptors that can assess the quality
of a separation. The success or failure
of the optimization process critically
depends on the objective function. The
latter depends on quality descriptors
that, in turn, may depend on chemical
and physical parameters. The objective
function serves as the primary driving
force for every algorithm. Single-num-
ber descriptors, known as chromato-
graphic response functions (CRFs), have
been developed to quantify the critical
information that the method is intended
to provide. Various CRFs have been pro-
posed in the past (30). Although many
CRFs exist for 1D-LC, few are availa-
ble for 2D-LC (31-36). Alvarez-Segura
and co-workers recently included peak
prominence in their CRF (33,34), Huy-
gens and associates (35) introduced a
CRF for 2D-LC based on peak purity,
and Boelrijk and co-authors (36) pre-
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sented a CRF based on connective
components in graph theory to assess
both separation quality and time. It has
also been demonstrated that the selec-
tion of inappropriate quality descriptors
can lead to suboptimal separations (27).
Therefore, itis crucial to create CRFs that
can effectively weigh quality descriptors,
while the program provides quantitative
information regarding various practical
aspects of analytical queries, such as
method time and sensitivity.

The second challenge is related to the
data processing. The quality of the out-
put of an algorithm relies strongly on the
input data and the data processing. Any
error in background correction, peak
detection, or peak tracking can lead
to cascading errors in later iterations
(27). While MS provides information to
reduce the errors in 1D-LC, data pro-
cessing remains a significant challenge
for LCxLC. This is especially the case for
peak tracking, where an algorithm must
establish the location of each analyte
across multiple signals and account for
incorrect clustering of coeluting peaks
(37,38). In addition, it is difficult to quan-
titatively compare the performance of
the large number of data processing
approaches available (27,39).

The third challenge concerns the
computation costs associated with the
large number of simulations and the
number of parameters that need to
be optimized. Improving the perfor-
mance of the algorithm either requires
more measurements or more simulated
data that resemble the experiments
more closely. The former increases the
amount of time and solvent needed,
while the latter requires more compu-
tational power. Machine learning tech-
niques may be employed to reduce the
computation time required.

Machine Learning

Interest in machine learning methods is
rapidly gaining momentum in the field
of chromatography (7). The increasing
computational power available, com-
bined with the demand for advanced
simulation tools, has led to the explo-
ration of machine learning approaches
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for accelerated method development
(40,41). Machine learning has the poten-
tial to enhance various stages of the
chromatographic-analysis workflow,
including baseline and noise correction
(42), retention-time or retention-index
prediction (43-45), peak detection
(46,47), peak annotation (48), and clas-
sification (49). This section will focus on
the utilization of machine learning to
optimize the gradient program, which
frequently relies on several of the afore-
mentioned stages.

One type of machine learning is
(ANNSs).
The application of neural networks in

artificial neural networks
chromatography has been explored in
the past (50-53). In a recent study, Ken-
sert and associates (42) investigated the
potential use of reinforcement learning
for selecting optimal isocratic scouting
runs for retention modelling. The neu-
ral network was trained on simulated
data using a Q-Learning algorithm and
evaluated based on the accuracy of the
retention predictions for 57 small-mole-
cule analytes in situ experiments. While
the work is promising, the algorithm
from this study has only been tested on
isocratic data for a specific reversed-
phase LC setup with a limited number
of simplistic molecules. A downside of
the use of artificial neural networks is
that they require a large amount of data
for training. This can be mitigated with
simulated data, but this carries a risk
of the model not capturing the actual
chromatographic space with sufficient
accuracy (46).

Several authors have explored the
potential of evolutionary algorithms to
optimize gradient profiles (35,54). In
particular, Hao and co-authors (54) used
a genetic algorithm to optimize mul-
ti-linear gradient profiles for the sepa-
ration of lignin-degradation products.
They validated their simulations by
comparison with experimental measure-
ments and found good agreement. Huy-
gens and associates (35) investigated
evolutionary strategies for optimizing
'D and 2D separations through in silico
experiments of an LCxLC separation of
100 experiments. Their genetic algo-
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rithm required less than 100 experiments
to reach a better CRF than a grid search
of 625 experiments. This suggests that
evolutionary algorithms have the poten-
tial to guide search-based method
development, accelerate computational
model-based method development,
and deal with many parameters simul-
taneously. However, the authors sim-
plified the experimental conditions by
assuming perfect orthogonality, equal
concentrations, and perfect Gaussian
peaks. This raises concerns over the risk
of oversimplification and the underutili-
zation of the full range of variations in
chromatographic conditions, as can also
occur with neural networks.

One of the biggest limitations of
applying machine learning is the
required amount of data. An emerg-
ing optimization method that is less
dependent on the amount of input
data is Bayesian optimization, a type of
machine learning tool that can optimize
expensive-to-evaluate functions (expen-
sive in terms of computation cost), even
when there is a low amount of data
available. Due to the compatibility with
black box functions, only the score
itself needs to be ascertainable, while
the underlying mechanics or processes
do not necessarily need to be under-
stood or known. Boelrijk and co-au-
thors investigated the potential use of
Bayesian approaches for LCxLC in silico
(36); they developed an unsupervised
closed-loop algorithm to predict 1D-LC
gradient profiles for a complex dyestuff
mixture (55) and compared Bayesian
optimization to retention modelling for
automated method development (27).
These studies demonstrated the versa-
tility of Bayesian approaches and high-
lighted their applicability in method
development workflows, with the added
benefit of being less reliant on retention
models and peak tracking. However, a
potential limiting factor for LCxLC is the
maximum number of parameters that
can be optimized simultaneously. Due
to the multivariate nature of the method,
the number of necessary measurements
for each additional parameter increases
exponentially. The authors emphasized
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that the efficiency of Bayesian optimiza-
tion is heavily dependent on the accu-
rate definition of the objective function.

Machine learning approaches show
tremendous potential to optimize
the gradient program, yet the most
advanced applications often have limi-
tations that render them unsuitable for
widespread use. This is partly due to the
fact that these models can only handle
scenarios that were present in the train-
ing data. Insufficient data can stem from
a lack of appropriate standards or from
insufficient resources to perform all the
necessary measurements. One way to
alleviate this issue is by employing simu-
lated data, but this approach only works
effectively if the simulated data closely
resemble real-world situations, which is
frequently not the case. With the rapid
advancements in the field of machine
learning, the issues currently encoun-
tered are expected to be addressed in
the near future.

The Need for a Combined Effort
Driven by the ever-increasing need for
more information, separation technol-
ogy is advancing faster than our ability
to use it to its full potential. Despite the
enormous size and importance of the
field, separations are often performed
under suboptimal conditions and tech-
nical capabilities remain unused. For
advancements in LC, such as 2D-LC, to
make a significant impact, it is impera-
tive that our community develops tools
to fully exploit the current potential.

To this end, the chromatographic
community must continue to deepen its
understanding of fundamental concepts.
This review has underlined the huge
benefits and impressive advancements
by scientists who have developed tools
to streamline method development,
focusing on kinetic or thermodynamic
parameters—or both. Many of these
advances are expressed as improved
method development workflows that
capture the experience and knowledge
of the chromatographer.

However, the chromatographic com-
munity cannot do it alone. Indeed, we
need the help of computers and infor-

mation sciences. Automated LC method
development workflows are rapidly
advancing through the implementation
of chemometric and machine learning
algorithms. Nevertheless, despite the
potential and promise of such algo-
rithms to expedite method develop-
ment, the challenges are still daunting
and require a combined effort by the
chromatographic and chemometric
communities. Better ways must be found
to mathematically express the chroma-
tographic end goals, improve data anal-
ysis (peak detection), and invent smart
algorithms that can interpret chroma-
tographic data and combine these
with fundamental kinetic (kinetic plots)
and thermodynamic (retention mod-
els) concepts to create better methods.
Meanwhile there is also the continuous
need for chromatographers to deepen
the understanding of physicochemical
interactions of analytes inside our col-
umns. The use of machine learning has
recently been demonstrated by several
groups to show great promise (35,55).
From the above-mentioned strate-
gies it is clear that optimization work-
flows, especially for selectivity, remain
heavily dependent on prior knowledge
of the sample dimensionality or a tri-
al-and-error approach. New machine
learning algorithms should be able
to optimize more parameters without
needing unreasonable amounts of data.
Other approaches may entail optimiz-
ing subsets of parameters at a time to
lower the dimensionality of the problem
or combining retention modelling with
machine learning; in that way, aspects
that can be well described do not need
to be captured in the machine learn-
ing models. The practical challenges
are mostly on the required number of
measurements or computations. Every
optimization process is quicker when
starting with a good setup. By scanning
various columns at the start, a good
estimate can be made of which columns
show potential and are candidates for
orthogonal separation in 2D-LC.
Computer-aided method develop-
ment for LC has been under develop-
ment for some four decades and it has
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failed to become common practice.
However, with the rapid advances in
LC, the gap between contemporary LC
practice and potential has grown to a
point where computer-aided method
development is becoming a must. This
need, in combination with the enor-
mous growth in computational power
and the dramatic advances in artificial
intelligence, suggests that the time has
come for computers to outperform ana-
lysts in LC method development.
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Empowering the Al-Driven Laboratory

Trish Meek, Sr. Director and Portfolio Owner, waters_connect Cloud Platform

Marisa Gioioso, Global Research Segment Lead for Connected Science

In November 2022, OpenAl’s launch of ChatGPT transformed Artifi-
cial Intelligence (Al),! and more specifically, generative Al, from sci-
ence fiction to an everyday reality. While there is no doubt that gen-
erative Al is going to be a disruptive technology across a multitude
of industries, Al techniques like machine learning (ML) and deep
learning have been utilized within the scientific laboratory setting
for several years, particularly in drug discovery and development.
In fact, there have been several highly publicized collaborations
between pharmaceutical companies and Al technology providers
that have started to yield results.?3 For example, In Silico Medicine
entered clinical trials with the first new therapeutic where Al was
used to identify the target and generate the design.* Other recent
partnerships, like the new collaboration between Imperial College,
BASF, and Sterling Pharma, are deploying Al to improve continu-
ous manufacturing processes.> ¢ While scientific organizations are
recognizing and capitalizing on the potential of Al in many ways,
there are still many challenges in the present day analytical labora-
tory that Al can be leveraged to overcome.. Al has the potential to
change the way that we do science inside and outside of the labora-
tory but, before that ambition can be realized, organizations need to
unlock their data to turn Al from science fiction into science.

Identifying the problem

The first step in leveraging Al is identifying the problem that needs
to be solved and what data is available to inform the solution. Al is
particularly well suited for data-rich processes where understand-
ing the data that has been generated can inform and improve that
process over time. For example, instrument telemetry data can be
used to inform Al models that warn and ultimately even prevent
common run failures. Analytical instruments produce vast amounts
of telemetry data, instrument readouts that do not contain any in-
tellectual property (IP) about what is being run, but describe the
instrument conditions before, during, and after runs. Of course, the
reason for instrumental analysis is the scientific data, and Al can
help here too. Al algorithmic techniques like anomaly detection
can help identify common analytical challenges in chromatographic
data by monitoring for variances, such as spikes, baseline noise
and retention time drift, from the typical patterns’ baselines and
peak detection. A human in the loop approach would allow chro-
matographers to confirm or reject the algorithm’s suggestions that
there is a trace impurity, gas in the line, or it is time for a new col-
umn. Over time, the algorithm learns how the lab-specific workflow,
method, and compounds impact the various chromatogram proper-
ties, becoming more accurate and improving its recommendations.

Addressing common chromatographic challenges is one potential
application Al-driven improvements in the laboratory, but there are nu-
merous other opportunities. There are many tedious and human error-
prone steps to follow in an analytical workflow that are better suited
for Al-powered automation to perform, such as data review and in-
strument maintenance. Additionally, complex and highly manual tasks
such as setting up runs for method development and data analysis that
are currently done in third party applications such as Excel can benefit
from Al solutions. Identifying a problem that Al could solve is likely the
easiest step in the process. The harder challenge is getting the data.

Building the data set

The challenge is that to build Al, ML and advanced analytics solu-
tions, data scientists need large data sets to train their models. Given
the focus on generation of reproducible, high-quality data in science,
analytical applications seem to be an obvious opportunity for Al. Un-
fortunately, the reality is that the scientific data needed to train Al
models is often siloed in disparate systems. In recognition of these
challenges and the growing value of data science, in 2016, the FAIR
Guiding Principles for scientific data management and stewardship
were published. They focused on the “machine-actionability” of data
in that it needs to be findable, accessible, interoperable, and reus-
able.” Open standards like the Allotrope Ontologies and Data Model
seek to break down these siloes by creating “linked data that stan-
dardizes experimental parameters so we can remove human error
and enhance scientific reproducibility.”® While Allotrope and other
open standards like AnIML® and MZML help to translate scientific
data into a common ontology, the reality is that this solution does not
address all the challenges organizations face.

Open standards, like MZML, are useful for further data processing
enabled through third-party industry solutions, but as organizations ap-
petite for Al-driven solutions grows, so will their need for complete, con-
textualized data sets. Conversion into a common ontology does not by
itself enable organizations to aggregate and correlate processed results
with the associated instrument telemetry data since it is often not saved
with the result files. Given the variety of analytical techniques and other
data sources like Laboratory Information Management Systems (LIMS)
and Electronic Laboratory Notebooks (ELNSs), it is difficult for organi-
zations to make meaningful associations across all the different data
types in their data lake through open standards alone.

Automating data pipelines
Rather than doing manual data conversion and upload, organiza-
tions need automated data pipelines that help them to bring data

470

LCGC North America — DECEMBER 2023



SPONSORED CONTENT

from laboratory systems into their data lakes. With real-time data References

pipelines that upload, catalog, transform and store data in compli- (1) https://openai.com/blog/chatgpt#OpenAl

ance with FAIR data principles, organizations can utilize different (2) https://pubs.acs.org/doi/full/10.1021/acs.molpharmaceut.8b00930

data science methodologies and tools. Dedicated pipelines also (3) https://www.pharmaceuticalprocessingworld.com/ai-pharma-drug-develop-

have the added advantage that telemetry data, scientific raw data ment-billion-opportunity/

and processed results can all be uploaded and associated, giving a (4) https://www.clinicaltrialsarena.com/comment/first-drug-created-ai-enters-

complete picture of the data as it was acquired. Robust data pipe- trials/?cf-view

lines ensure the data is fully contextualized and avoid what is often (5) https://www.imperial.ac.uk/news/238391/imperial-basf-major-partnership-

referred to as a data swamp - the less-than-ideal state where mas- advance-future/

sive repositories of data exist but are unusable.!! (6) https://www.sterlingpharmasolutions.com/articles/sterling-to-join-cross-disci-
As Kate Wearden recently described in The Digital Revolution: plinary-partnership-to-advance-ai-flow-chemistry-techniques/

The Connected Lab of the Future, connectivity is critical to real-
izing the Lab of the Future. Today, multiple mechanisms exist to

(7) https://www.go-fair.org/fair-principles/
(
export data from Waters data systems to open standards or to map (9) https://www.animl.org/
(
(

8) https://www.allotrope.org/

and parse data into custom data pipelines. While these solutions 10) https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3073315/

meet the needs of many customers today, they are often discon- 11) https://www.cio.com/article/230163/3-keys-to-keep-your-data-lake-from-
nected, manual processes. Our future vision is to eliminate the becoming-a-data-swamp.htm!

burden organizations face by maintaining these solutions and to
provide contextualized data that is Al-ready through automated

data pipelines. Trish Meek

Sr. Director and Portfolio Owner,

Summary waters_connect Cloud Platform

We are only beginning to scratch the surface of what Al could do
to improve laboratory operations and aid scientific discovery. Given
the strategic importance of chromatography, there is significant
potential to improve laboratory operations and derive insights by
incorporating chromatography telemetry and analytical data into an
organization’s digital strategy. To realize this potential, organizations
need to focus on how to FAIRIfy their data making it available for
scientists and data scientists alike. Robust, automated data pipe-
lines will bring data science to scientists so that they can use their
data to solve problems that matter.

Industry Insights, a paid program

Waters:

Marisa Gioioso
Global Research Segment Lead
for Connected Science

Industry Insights, a paid program

Waters®
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Multi-Active Method (MAM) for the
Analysis of Agriculture Product Technical
Ingredients and Formulated Products

In regulatory laboratories, where potentially hundreds of different types of sample and active ingredients can be evaluated every year,
a unique set of conditions provided by agricultural product manufacturers in their regulatory methods are faced with the decision
to purchase a new and different analytical column or not follow the enforcement method provided by the manufacturer. Because of
this, a multi-analyte method has been developed at the Irish Department of Agriculture, Food and The Marine, contributed to by the
regulatory laboratories in Belgium and the Czech Republic, analyzing more than 70 active ingredients using high performance liquid
chromatography (HPLC) and more than 35 active ingredients by ultrahigh-pressure liquid chromatography (UHPLC). The method has
been designed for use by quality control laboratories and is suitable for determining a range of active substances in a wider range of
formulated products as well as the technical Al itself. The method has been validated for linearity, precision, accuracy, and specificity

for seven technical active ingredients as defined by FMC Corporation. The method and results are described in this article.

Jim Garvey, Olga Novakova, Olivier Pigeon, and Mary Ellen McNally

n the pesticide industry, regulatory labora-

tories are responsible for the quality of the
material sold in the open market. Laborato-
ries receive samples from the open trade
that are sold in their individual countries. To
this end, methodologies to analyze for the
technical active ingredient (Al) and formu-
lated products are available to them from the
commercial agricultural product manufactur-
ers’ registration dossiers. The methods are
part of the regulatory package submitted
to countries for approval to sell and are the
official registered methods for the Al and the
formulated product.

Al analytical methods are typically liquid or
gas chromatography-based and identify and
quantify the Al in technical material and for-
mulated products. These methods have one
purpose: to determine if the product being
produced and sold meets registered speci-
fications. The commercial producer analyzes
manufactured material before it is released
to the open market to ensure it meets reg-
istered specifications, and worldwide regula-
tory agencies use these methods to check
that material that is sampled from the open
market also meets registered specifications.

So just how many registered Al methods
are there? There are 1,055 active pesticide
ingredients authorized for use in the United
States alone (1), and worldwide active ingre-
dient numbers are proportional (2). These
active ingredients represent 20,000 marketed

or formulated products, many with different
concentration levels of the active or mixtures
of two or more actives. In a small country such
as Vietnam, there are products with more than
3,000 separate trade names registered.

For manufacturers, where only one prod-
uct is made at a time, the analysis of what is
produced to determine the acceptability of a
product is routine. Generally, many batches or
a continuous process are monitored with the
company method which is set up in the site
laboratory and maintained throughout the
manufacturing campaign. Chromatographic
columns that have been chosen for this meth-
odology are specific for the analysis at hand,
and can be routinely used for years, that s,
the life of the product. The cost is trivial by
comparison to the expense of supporting the
manufacturing process.

Such is not the case in the regulatory labo-
ratories, where potentially hundreds of differ-
ent types of sample and active ingredients can
be seen every year. With each set of unique
conditions provided by the manufacturers,
the regulatory laboratories are faced with the
decision to purchase a new and different ana-
lytical column, or not follow the enforcement
company method.

Because of this, a multi-analyte method has
been developed at the Irish Department of
Agriculture, Food and The Marine, contrib-
uted to by the regulatory laboratories in Bel-
gium and the Czech Republic, analyzing more

than 70 active ingredients using high perfor-
mance liquid chromatography (HPLC) and
more than 35 active ingredients by ultrahigh-
pressure liquid chromatography (UHPLC).
The method has been designed for use by
quality control laboratories and is suitable for
determining a range of active substances in a
wider range of formulated products as well as
the technical Al itself. The method has been
validated for linearity, precision, accuracy, and
specificity for seven technical active ingredi-
ents as defined by FMC Corporation.

The method and results are presented in
this report.

Experimental

Reagents (Reagent Grade,

Except as Noted)

Analytical standards, of known purity, stored in
refrigerator or as per laboratory protocol.
Dicyclohexyl Phthalate (DCHP) > 97% pure —
internal standard

Ethyl Acetate, HPLC grade

Acetone, HPLC grade

Acetonitrile, HPLC grade

Water, HPLC grade

Phosphoric Acid, HPLC grade

Formic Acid, MS grade

Apparatus

A high performance liquid chromatography
(HPLO) system equipped with a constant tem-
perature column compartment, a tempera-


https://www.chromatographyonline.com/

WWW.CHROMATOGRAPHYONLINE.COM

ture-controlled autosampler, an autosampler
capable of delivering 10 pL injections, a vari-
able-wavelength UV detector or photodiode-
array detector, and a digital integrator or other
data handling device.

or

An ultrahigh-pressure liquid chromatography
(UHPLC) system equipped with a constant
temperature column compartment, a tem-
perature-controlled autosampler, an autosam-
pler capable of delivering 0.5 pL injections, a
variable-wavelength UV detector or photodi-
ode-array detector, and a digital integrator or
other data handling device.

e HPLC column: Kinetex C18, 100 mm x 4.6
mm (i.d) x 2.6 um or equivalent.

e UHPLC column: Kinetex C18, 100 mm x
2.1 mm (i.d.) x 2.6 um or equivalent, and
precolumn Phenomenex C18, 2.1 mm
i.d. or equivalent.

e Electronic integrator or data system

e Ultrasonic bath capable of being heated
up to 50°C

e Water bath

®  Analytical balance

e Grinder/pulverizer

e Mechanical shaker

e Calibrated pH meter

e Organic PTFE filter, 0.22 or 0.45 pm

Standard Preparation

Internal Standard Stock Solution

Dissolve 80 mg of dicyclohexyl phthalate (to
the nearest 0.1 mg) into a 100 mL volumet-
ric flask and dilute to the mark with acetone.
Internal standard solution concentration is
approximately 0.08 mg/mL.

Calibration Solution

Weigh in duplicate about 10 mg of the
required analytical standard to the nearest 0.1
mg in a volumetric flask (100 mL). Dissolve and
fill to the mark with acetonitrile. This gives a
standard concentration of approximately 100
mg/L, calibration solutions C, and Cg,.

Sampling

Ideally, an intact product should be taken
from the market as intended for use with an
end user.

Sample Preparation
Sample preparation is dependent on the
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TABLE I: HPLC Mobile Phase Gradient

%A
pH 2.0 to 2.2 Phosphoric

%B

Time (min) Acetonitrile

or Formic Acid Adjusted
HPLC Grade Water

0.01 65 35
10.0 15 85
16.0 15 85
16.4 65 35
18.0 65 85

TABLE Il: UHPLC Mobile Phase Gradient

%A
pH 2.0 to 2.2 Phosphoric

%B

Time (min) Acetonitrile

or Formic Acid Adjusted
HPLC Grade Water

0.00 65 35
4.00 15 85
6.00 15 85
6.01 65 35
7.00 65 35
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FIGURE 1: Example chromatogram of Spirotetramat using the HPLC conditions of the
multi-analyte method, concentration is 150 g/L. Axis labels are Time (min) for x-axis and
Signal (mAU) for y-axis.
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FIGURE 2: Example chromatogram of Pendimethilin, CS, using the UHPLC conditions of
the multi-analyte method, concentration is 455 g/L. Axis labels are Time (min) for x-axis and
Signal (mAU) for y-axis.
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FIGURE 3: Typical calibration curve using the HPLC conditions of the multi-analyte method
for the Spirotetramat standard. Axis labels are Concentration (x10%) for x-axis and Area

(x10°) for y-axis.

TABLE lll: Formulated products examined by HPLC conditions of the multi-analyte method

=

O © N O oA oW N

Active Substance

Acetamiprid
Amidosulfuron
Asulam
Atrazine
Benzovindiflupyr
Bifenthrin
Bixafen
Carfentrazone-et
Chloridazon
Chloroantriniliprole
Chlorothalonil
Chlorotoluron

Cloquintocet-
mexyl

Cymoxanil
Daminozide
Difenacoum
Diflufenican

Dimethomorph
Epoxiconazole
Flazasulfuron

Flonicamid

Florasulam

Fluazinam

Flufenacet
Flumioxazin
Fluopicolide

Fluopyram

Fluoxastrobin

Flurtamone

Fluxapyroxad

Formulation

Type* A (nm)
ME 260
WG 240

SL 260
SL 280
EC 260
ME 260
EC 260
WG 260
WP 260
FS 280
SC 260
SC 240
EC 340
WG 260
WG 220
RB 260
SC 280
WP 260
SC 260
WG 260
WG 260
SC 260
EC 260
SC 245
SC 280
SC 260
EC 260
EC 260
SC 280
EC 260

g/kg
g/kg
g/L
g/L
g/L
g/L
g/L
g/kg
9/kg
9/kg
g/L
g/L

g/L

g/kg
g/kg
g/kg
g/kg
g/kg
g/L
g/kg
9/kg
g/L
g/L
g/L
g/L
g/kg
g/L
g/L
g/L
g/L

Declared
Content
0.05
75
400

75
0.02
60
3
650
50
500
250

25

500
85
0.005
200
500
50
250
500
50
400
400
300
5,55
65
75
120
62.5

FAO
Tolerances
(%)
0.008
2.5
20
0.6
7.5
0.003
6
1.67
25
25
25
15

225

25
8.5
0.0013
12
25
5
12.5
25
5
20
20
15
0.55
6.5
7.5
7.2
6.25
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formulation type being analyzed. The pro-
cedures are different for liquid and solid
formulations and for technical material.
Once the samples are prepared, the active
substances are analyzed by either high per-
formance or ultrahigh-pressure liquid chro-
matography with either UV or diode-array
detection (HPLC-UV, HPLC-DAD, UHPLC-
UV, or UHPLC-DAD, respectively), depend-
ing on the instrumentation available.

Liquid or Suspension Formulations
Thoroughly shake the sample container to
homogenize the sample before use. Weigh
in duplicate (to the nearest 0.1 mg) sufficient
sample to contain 9 to 11 mg of the active
substance into a volumetric flask (100 mL).
For suspension formulations add 5 mL of
water to disperse. Subsequently, add 70 mL
of acetonitrile. If it is necessary, sonicate for
dissolution of active ingredient. Allow the
solution to cool to ambient temperature
and fill to the mark with acetonitrile (Solu-
tions S, and Sg). This gives an active ingre-
dient concentration of approximately 100
mg/L. For UHPLC, filter samples through
0.22 pm filter.

Solid Formulations

For solid formulations, dispersion with 10%
water prior to solvent addition is recom-
mended. Weigh 15-20 g of the sample into
a mortar and pestle or grinder/pulverizer
and homogenize thoroughly. Subsample
by weighing in duplicate, to the nearest 0.1
mg, sufficient sample to contain 9 to 11 mg
of the active substance into a 100 mL volu-
metric flask. Add 70 mL of the internal stan-
dard solution. If it is necessary, sonicate for
dissolution of active ingredient. Allow the
solution to cool to ambient temperature, fill
to the mark with acetonitrile, and mix well
(Solutions S, and Sg). This gives a sample
concentration of approximately 100 mg/L.
For UHPLC, filter samples through a 0.22
um filter.

Mobile Phase Preparation

Mobile Phase A, Aqueous

Prepare by pipetting phosphoric or formic
acid into a 2000 mL volumetric flask contain-
ing 1500 mL of water, add water to the 2000
mL mark, and thoroughly mix. pH should
between 2.0 and 2.2.
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Bl Halauxifen-methyl XX 260 g/L 6.3 09 Mobile Phase B
32 Imidacloprid SL 260 g/L 0.125 0.0188 Acetonitrile.

lodosulfuron-

3 Me-Na ¢ 240 ot 03 005 HPLC Chromatographic Conditions
34 lprodione SC 240 g/L 256 12.8 Column: HPLC column, Kinetex C18, 150 mm
35 Isoproturon SC 260 g/L 500 25 x 4.6 mmi.d. x 2.6 um or equivalent
36 Isoxaflutole WG 260 glkg 100 10 Flow rate: 1.0 mL/min
37 Linuron sc 260 g/l 450 225 Injection volume: 0.5 L
Detector wavelength: 220-340 nm. The opti-
38 Mesosulfuron-Me WG 240 g/kg 09 0.14 .
mum wavelength can be established by ana-
&9 lisseiions e 280 g/L e U lyzing the analytical standard on PDA detector
40 Metamitron sC 260 g/L 700 70 prior to analysis if enforcement method is not
41 Metazachlor SC 260 g/L 375 18.8 available for reference.
42 Metconazole EC 260 g/L 60 6 Run time: 18 min
43 Methomyl sc 240 9/kg 20 12 Initial mobile phase concentration: A = 65%:
Metsulfuron- 0.1% pH 2.0-2.2; o-phosphoric or formic acid-
44 methyl WG 260 g/kg 68 10 adjusted water; B = 35%: Acetonitrile
45 | ME 260 g/L 0.075 0.0113 HPLC mobile phase gradient: see Table |.
46 Nicosulfuron WG 260 g/kg 750 25 Column temperature: 25 °C
Y Oxadiazon SC 260 g/t 48 072 UHPLC Chromatographic Conditions
48 Oxamyl GR 240 9/kg 5 0.5 Column: Kinetex C18, 150 mm x 2.1 mm (i.d.)
49 Pendimethalin e 260 g/L 455 22.8 x 2.6 pm or equivalent, and precolumn Phe-
50 Penoxsulam WG 280 g/kg 0.04 0.01 nomenex C18, 2.1 mm i.d. or equivalent.
51 Penthiopyrad e 260 g/L 100 10 Flow rate: 0.4 mL/min
52 Picloram sL 260 g/L 67 6.7 Injection volume: 0.5 pL
53 Pinoxaden EC 20 gl 100 10 Detector wavelength: 210-330 nm
; The optimum wavelength can be established
54 Propaquizafop EC 340 g/L 100 10 . .
by analyzing the analytical standard on a
& Frequineze = 20 g/L 200 2 DAD detector prior to analysis if registration
56 Prothioconazole EC 260 g/L 200 12 method is not available for reference.
57 Pyraclostrobin SC 260 g/L 133 8 Run Time: 8.5 min
58 Pyraflufen-ethyl SL 260 g/L 0.33 0.05 Initial mobile phase concentration: A = 65%:
59 Pyridate WP 260 g/kg 45 205 0.1% pH 2.0-2.2; o-phosphoric or formic acid-
60 Pyrimethanil sc 260 gl 400 20 adjusted water; B = 35%: Acetonitrile
UHPLC mobile phase gradient: see Table II.
61 Pyroxsulam WG 310 g/kg 71 0.71
; Column temperature: 25 °C
62 Q;'j;lciffy’fj' EC 240 g/l 40 4 o
63 Tebuthiuron WG 260 g/kg 20 1.2 Equiloration of the System
For HPLC
o Uzpuzfeyein =L — g/l ol . Pump sufficient mobile phase through the col-
65 Thiacloprid SC 240 g/L 404 2.02 umn to equilibrate the system approximately
66 Thifensulfuron- WG 260 g/kg 682 25 20 to 30 min at the recommended flow rate of
methyl 1.0 mL/min. Inject 5pl portions of the standard
67 Tribenuron-methy| SG 260 g/kg 40 2 solution until the response obtained from two
68 Trifloxystrobin SC 260 g/L 16 1.6 consecutive injections deviates by less than
. Triﬂ:::::;{on_ e P o/kg 500 o 1.0 %, preferably less than 0.5%.
70 Trinexapac-ethyl EC 260 g/L 250 12.5 For UHPLC
71 Triticonazole ME 260 g/l 7.5 11 Pump sufficient mobile phase through the
Source: *Formulation Types: EC — Emulsifiable Concentrate, SL — Soluble Liquids, ME — Micro Encapsulate, column to equilibrate the system approxi—
\(J\/H(f(n;v\CY]ettable Granule, SC - Soluble Concentrate, WP — Wettable Powder, SG - Soluble Granule, XX - mately 20 to 30 min at the recommended flow

—— rate of 0.4 mL/min. Inject 0.5 pl portion of the
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TABLE IV: Formulated products examined by UHPLC conditions of the multi-analyte method

: FAO
Active Substance For.r'r\ uIa:non A (nm) e Tolerances
ype Content @)
1 Acetamiprid SP 240 a/kg 200 12
Acetamiprid AL 240 g/L 0.05 0.0075
2 Azoxystrobin SC 220 g/L 120 7.2
3 Clomazone ©S 210 g/L 360 21.6
4 Deltamethrin oD 210 g/L 10 1.5
5 Difenoconazole FS 210 g/L 25 3.75
6 Diflufenican SC 230 g/L 40 4
7 Dimethomorph WP 240 a/kg 60 6
8 Epoxiconazole SC 210 g/L 125 7.5
9 Fenhexamid SC 240 g/L 500 25
10 Fipronil WG 220 g/kg 0.143 0.036
" Fludioxonil FS 210 g/L 25 3/5
12 Flufenacet SC 210 g/L 80 8
13 Flurprimidol EC 240 g/kg 130 7.8
14 Giberelin GA4/GA7 SL 210 g/L 10 1.5
15 Chlortoluron SC 240 g/L 280 14
16 Metamitron SC 220 g/L 700 25
17 Pendimethalin CS 240 g/L 455 2275
18 Pethoxamid E@ 240 g/L 600 25
19 Prothioconazole EC 254 g/L 250 15
20 Quizalofop-p-ethyl EC 330 g/L 50 5
21 Pyraclostrobin SE 260 g/L 85 8.5
22 Sedaxane FS 220 g/L 25 375
23 Silthiofam FS 210 g/L 125 7,5
24 S-metolachlor E© 220 g/L 960 25
25 Spinetoram SC 254 g/kg 117 7
26 Tebuconazole WG 220 g/kg 500 25
Tebuconazole SC 220 g/L 200 12
27 Tefluthrin GR 220 g/kg 15 3.75
28 Terbuthylazine SE 220 g/L 187.5 11.22
29 Thiacloprid oD 210 g/L 100 10
30 Thifnpehtf";fte' GCCB 260 glkg 23 575
31 Triclopyr AL 295 g/kg 0.7 0,105
32 Trifloxystrobin WG 220 g/kg 250 15
33 T”ﬂr‘;s:t';‘;lr"”' oD 240 gL 150 9
34 Trinexapac-ethyl EC 240 g/kg 50 5
85 Triticonazole ES 260 g/L 25 BV5

Source: *Formulation Types: CS - Capsule Suspension, EC — Emulsifiable Concentrate, EW — Concentrated
aqueous emulsion, FS - Flowable Concentrate, GCC - Ground Corn Cob, is an effective carrier for various
pesticides., GR - Granules, ME — Micro Encapsulate, OD - Oil Dispersion, SE — Suspoemulsion (Combination
of SC and EW), SC - Soluble Concentrate, SG - Soluble Granule, SL - Soluble Liquids, WG - Wettable Granule,
WP - Wettable Powder, XX — Unknown

- E————

standard solution until the response obtained  from two consecutive injections deviates by
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less than 1.0% for retention times and by less
than 2.0% for peak areas.

Determination of the Species of Interest
For HPLC

Inject in duplicate 5 L portions of each sam-
ple solution, bracketing them by injections of
the calibration solutions as follows; calibra-
tion solution C,, sample solution S1,, sample
solution S1g, calibration solution Cg, sample
solution S2,, sample solution S2;, and so on.
Measure the relevant peak areas.

For UHPLC

Inject in duplicate 0.5 pL portions of each sam-
ple solution, bracketing them by injections of
the calibration solutions as follows; calibra-
tion solution C,, sample solution S1,, sample
solution S1g, calibration solution Cg, sample
solution S2,, sample solution S2;, and so on.
Measure the relevant peak areas.

Calculations

Calculate the mean value of each pair of
response factors bracketing the two injections

of a sample and use this value for calculating

the active substance contents of the brack-
eted sample injections as shown below.

Individual response factors for C, and Cg:

. _ SXP

fi= (1]

Hs

Mean response factor for C, and Cy;:

_ fiA+fiB
f=—— 2]

Content of active substance wt % active sub-
stance =

fXHw

x100 3]

where:

fi = individual response factor

f= mean response factor

Hs = peak area of active substance in the cali-
bration solution

Hw = average peak area of the active substance

from the two injections of the sample solution

s = mass of the active substance working stan-
dard in the calibration solution (mg)

w = mass of sample taken (mg)

P = purity of the active substance working

standard (g/kg)
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TABLE V: A comparison of linearity and accuracy equivalency data for eight active ingredients by individual GLP enforcement and the
multi-analyte method

v S Y=

Correlation Average -
Compound Method Type e Y-Intercept 5 Modified
Coefficient Recovery (%) H :
orwitz

Bifenthrin GLP Enforce- 0.9998 25.66 1478 99.53 114 Yes
ment

Multi-analyte 1.000 -9.98 1550 100.32 0.87 Yes

CrAmies L Emferes 1.0000 0.055 719.8 10018 0.85 Ves
niliprole ment

Multi-analyte 0.9999 0.021 719.7 97.99 0.50 Yes

Indoxacarb GLPrE'e‘LCt’me' 0.9995 0.010 502.5 98.41 0.80 Yes

Multi-analyte 0.9997 0.008 419.6 97.45 1.28 Yes

Flutriafol GLP Enforce- 09991 -23.65 1095 98.94 045 Yes
ment

Multi-analyte 0.9999 82.87 1089 99.02 0.33 Yes

Tl e GLPrEZ‘;‘;me‘ 09999 0.001 95.8 9912 0.52 Yes

Multi-analyte 0.9999 0.006 97.11 99.25 0.45 Yes

Azimsulfuron G"Pnf;‘;‘z'ce' 09993 -0.014 2.64 100.17 0.23 Yes

Multi-analyte 0.9992 -0.004 2.63 100.16 0.37 Yes

S erentiar G"Pnf(’;ﬁ'ce‘ 09999 0.014 633.6 98.61 048 Yes

Multi-analyte 0.9997 0.043 613.6 98.51 0.61 Yes

n=6

Results and Discussion
The conditions that have been outlined
above for both HPLC and UHPLC have
been used to analyze the compounds
listed in Table Ill and Table IV, respectively.
Given in these tables are the formulation
types of the samples where the method
was used successfully, the UV maximum
wavelength determined during our exper-
iments, and the declared content includ-
ing the units of the specific material.
Figures 1 and 2 show example chro-
matograms for two representative com-
pounds analyzed by the HPLC and UHPLC
methods, respectively.

Validation of Technical Materials

Using the Multi-Analyte Method)

Acceptable linearity of the active ingredi-
ent for all the products outlined in Table Il
and Table IV was demonstrated by using
a characterized analytical standard of the
same Al using a three-point calibration

curve with concentrations at the product
concentration and two further points at
+50% and -50%. Figure 3 shows a typi-
cal calibration curve. Repeatability was
calculated via dual preparation and dual
injection of each sample. Seven individual
active ingredients were used to study the
difference in results for Santé et Consom-
mateurs (Directorate General Health and
Consumers, European Commission, or
SANCO) guideline validation parameters
(3) using both the registration method for
the technical material and the multi-ana-
lyte method described herein. The valida-
tion includes linearity, precision, accuracy,
and specificity or selectivity. The active
ingredients examined during this compar-
ison were chlorantraniliprole, azimsulfuron,
bifenthrin, chlorsulfuron, cyantraniliprole,
flutriafol, indoxacarb, and triflusulfuron.

To prove equivalency, a seven-point
calibration curve was determined for all
seven active ingredients. As can be seen

in Table V, the correlation coefficient for
each active using both the registration
method and the multi-analyte method
was 0.99 or greater.

Both method and instrument precision
were tested in these experiments. Eight
individual weighings of one sample of
each active ingredient were measured
to determine the method precision. One
sample injected eight individual times
defined instrument precision. Results of
this can also be found in Table V.

Accuracy equivalency was established
by preparing duplicate samples at three
separate concentrations. These concen-
trations were set at 75, 100, and 125% of
the GLP sample solution concentration in
the enforcement method. Average weight
percent results, which ranged from 98.5
to 100.3 with relative standard deviations
(RSD) for n=6 ranging from 0.23 to 1.28, all
passed the modified Horowitz limit. The
data can be found in Table VI.


https://www.chromatographyonline.com/

478 LCGC NORTH AMERICA VOLUME 41 NUMBER 11 DECEMBER 2023

WWW.CHROMATOGRAPHYONLINE.COM

TABLE VI: A comparison of precision equivalency data for eight active ingredients by individual GLP enforcement and the multi-analyte

e

method

Compound

Bifenthrin 0.9998
ment

Multi-analyte 1.000

C_y‘antra— GLP Enforce- 1.0000
niliprole ment

Multi-analyte 0.9999

Indoxacarb GLF Enforce, 0.9995
ment

Multi-analyte 0.9997

Flutriafol e 09991
ment

Multi-analyte 0.9999

Triflusulfuron P e 0.9999
ment

Multi-analyte 0.9999

Azimsulfuron L Enfrree- 0.9993
ment

Multi-analyte 0.9992

Chlorsulfuron e 0.9999
ment

Multi-analyte 0.9997

-25.66 1478
-9.98 1550
0.055 719.8
0.021 719.7
0.010 502.5
0.008 419.6
-23.65 1095
82.87 1089
0.001 95.8
0.006 9711
-0.014 2.64
-0.004 2.63
0.014 633.6
0.043 613.6

Correlatlon Average
e m Weight () | |50 Method

GLP Enforce-

99.45 0.45 0.09
98.11 0.86 0.19
98.67 117 0.22
98.59 1.05 0.07
98.20 1.08 0.05
100.97 0.41 0.71
99.77 0.27 0.23
99.23 0.21 0.06
99.25 0.28 0.04
100.97 0.53 0.06
101.19 0.52 0.17
97.32 0.69 0.20
97.74 0.60 0.1
n=28 n=38

A qualitative analysis for potential
impurity interferences for all samples was
conducted to determine method specific-
ity. Ideally, an impurity exhibits no interfer-
ence, and acceptable interference is less
than 3% of the overall sample composi-
tion. No interferences were seen in either
method for the seven active ingredients.

Conclusion

Although the multi-analyte method is not
the registered method, it does provide a
very useful screening tool for laboratories
that see a variety of agricultural product
samples. It eliminates the need for a wide
variety of columns and can accurately
measure the active ingredient content in
the formulated product, thus determining
whether the material meets the registered
manufacturer’s specifications.

The validation comparison for eight
active ingredients using the multi-ana-
lyte and enforcement methods diligently
shows the equivalence of the method for
linearity, accuracy, and precision. It needs

to be continually tested for specificity
with each active ingredient and shows
great promise in meeting GLP statistical
requirements.

The multi-analyte method is evergreen
in terms of its future use, and the addition
of actives and products are possible if the
following criteria are met:
® An unequivocal identity confirmation;
preferably mass spectrometry
Injection repeatability data for stan-
dards — RSD should be < 1%

Linearity should be demonstrated
between 50 and 150 mg/kg

The repeatability for sample analysis
should be less than 5%—typically three
subsamples of the product and two
injections of each sub-sample.

A proficiency test or collaborative trail
data would be beneficial to support the
use of this methodology for any addi-
tional agricultural compounds.
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VIEWPOINTS

The 25th anniversary of ExTech, the Inter-

national Symposium for Advances in
Extraction Technologies, was held on the
beautiful island of Tenerife, Spain, from July
18-21, 2023. The honorary chairman of the
event was Janusz Pawliszyn, who founded
ExTech in 1999, at the University of Waterloo,
in Ontario, Canada.

ExTech is undoubtedly the largest con-
ference dedicated to extraction technol-
ogy, a field within separation chemistry that
has seen remarkable growth over the past
three decades. It brings together research-
ers working on pre-chromatographic sepa-
rations, that save chromatographic systems
and instrumentation from the "“garbage
in-garbage out” effect while enhancing
instrumental performance through clean-
up and pre-concentration. This year, we
celebrated this symposium’s important
anniversary through an exquisitely orga-
nized event that gathered 222 participants
from 25 countries with a total of 3 plenary
lectures, 21 keynote lectures, 62 oral com-
munications and 174 posters.

The symposium opened with a plenary
lecture by Pawliszyn and Stig Pedersen-
Bjergaard that updated the audience on
the latest advances in the microextraction
field and provided important insights on the
future of the field. The two plenary speakers
specifically highlighted the importance of
incorporating the fundamentals of extraction
processes into graduate and undergradu-
ate textbooks, to train the next generation
of scientists and unify teaching strategies
for this important and ever-growing field of
separation chemistry. The plenary concluded
with an important message: “When the next
generation of scientists enters the regulatory
affairs, the analytical manufacturers, and the
analytical laboratories, they will have a very

Emanuela Gionfriddo

strong sustainability commitment, and will
for sure facilitate the Green Paradigm Shift.
SPME and LPME (respectively, solid and liquid
phase microextraction) and many other ideas
discussed at ExTech 2023 will be their initial
scientific platform. Therefore, what we do now
will be very important in 10-15 years!”

The symposium also dedicated eight oral
sessions to young investigators, providing 29
scientists under the age of 35 an opportunity
to present their work alongside leading sci-
entists from around the world. This initiative
aimed to encourage young scientists’ partici-
pation, fostering interactions with, and learn-
ing from, experienced researchers. More than
half of the 174 poster communications at the
conference were presented by young scien-
tists. On this topic, symposium chairwoman
Veronica Pino commented, “Young research-
ers are presenting very important innovations
in the field, and this is something that | want
to highlight because we wanted to encour-
age presentations by younger researchers
to show what they are doing and what they
can offer to our community. At the same time,
these young scientists have an opportunity to
closely interact with seniors and this environ-
ment is fantastic for their development and to
gain confidence in what they are doing.”

Symposium chairman Javier Hernédndez-
Borges also commented on the aftermath
of ExTech 2023, saying, “We, the organizing
committee of ExTech, are proud of the over-
all attendance of the symposium, especially
considering about half of the attendees are
PhD students. This testifies that research in the
extraction technology field is very active and
vibrant, and we are truly impressed with the
quality of the oral and poster communications
delivered by these young scientists.”

By the end of ExTech, Hemandez-Borges
delivered a powerful take-home message for

ExTech 2023, Celebrating 25 Years of
Innovation in Extraction Technologies

those young scientists: “Continue to attend
conferences like ExTech to network with
your community (especially with senior sci-
entists in the field) and keep updated with
the most recent trends in the field. Do your
research with curiosity, professionalism, and
ethics. Ethics are nowadays one of the most
important aspects of academic research to
produce high-quality and reliable results.
Believe in yourself and be proud of the great
work you all are doing. Be open to new chal-
lenges and be bold when thinking about
new solutions for chemical analysis, this is
how we achieve scientific progress.”

| bet by the end of this article, you will
want to know where the next ExTech will
be organized and join this vibrant com-
munity of separation scientists. Well... |
have good news! Elena Stashenko of the
Industrial University of Santander in Bucar-
amanga, Santander, Colombia and Milton
Rosero-Moreano of University of Caldas in
Manizales, Caldas, Colombia announced
that the 26th iteration of ExTech will be
organized next year in Bucaramanga,
Colombia. | am sure we will be in for
another excellent meeting and innovative
discussions on extraction technologies.
Stay tuned for more updates!

Emanuela Gionfriddo is an Asso-
ciate Professor of Chemistry at
the Department of Chemistry and
Biochemistry of The University of
Toledo, Ohio. Direct correspon-
dence to: emanuela.gionfriddo@
utoledo.edu

original version.
Scan code for link.
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Antec Scientific

Antec Scientific
Headquarters
Alphen a/d Rijn,
The Netherlands

TELEPHONE
+ 31 17226 8888

Antec Scientific
One Boston Place, 26th floor,

Boston, MA 02108, USA

TELEPHONE
(888) 572-0012

E-MAIL
info@antecscientific.com

WEBSITE
www.antecscientific.com

YEAR FOUNDED
1990, since 2010 in USA

SenCell" for Detection

Proprietary Adjustable Spacer Technology
(AST) for highest sensitivity (US Patent
9,310,330).

p-PrepCell™ for Reactions

Redox reactions upfront MS: disulfide
bond reduction in proteins, mimicking
drug metabolism, drug stability
testing/degradation.

SweetSep” Colums

The new benchmark for superior
separation of all classes of carbohydrates
using HPAEC with PAD or MS detection.

Company Description

For over 33 years, Antec Scientific has been the world’s leading
supplier of analytical instrumentation based on electrochemistry
(EC). Antec's line of instruments include electrochemical detectors
(ECD), analyzers built on HPLC-ECD, and electrochemical

reactors for use with MS (EC-MS) and synthesis.

Electrochemical Detectors for HPLC

The DECADE" line of ECDs (Elite” and Lite™) have become the
benchmark in detection, and can be used with any third party
(U)HPLC system. Different flow cells are available to cover a
broad range of applications from the analysis of antibiotics to
sugars or pharmaceuticals.

Dedicated Analyzers

The ALEXYS" Analyzers based on HPLC with ECD are turnkey
instruments built for highest performance and to ensure ease-
in-use. Guaranteed applications have been developed with the ALEXYS Carbohydrate Analyzer
ALEXYS Carbohydrate, Antibiotics, and Neurotransmitter Analyzers.

Other application areas are in clinical/diagnostics, food/beverage,

environmental, and drugs/pharmaceuticals analysis.

Electrochemical Reactors for MS and Synthesis

With the introduction of the ROXY" Exceed EC system, REDOX
reactions can be monitored directly by mass spectrometry (MS).
The on-line coupling of electrochemical reactors with MS (EC-MS)
has found many application areas from proteomics, (reduction

of disulfide bonds), drug metabolism, and drug stability testing,

to environmental degradation. Another emerging application of
Antec’s flow and batch reactors is in Flow Chemistry for rapid
electrochemical synthesis of products.

Scientific
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CDS Analytical

20 CD

& Analytical

CDS Analytical
465 Limestone Road,
Oxford, PA 19363

TELEPHONE
(800) 541-6593

FAX
(610) 932-4158

E-MAIL
info@cdsanalytical.com

WEB SITE
www.cdsanalytical.com

YEAR FOUNDED
1969

Purge and Trap Empore SPE

Company Description

CDS Analytical is an ISO 9001:2015 certified manufacturer of
thermal sample preparation instrumentation for 55 years. CDS
offers a complete suite of diverse front-end GC equipment
including pyrolyzers for Py-GC-MS, purge & trap concentrator
for EPA waste and drinking water test methods (8260, 524,
624), thermal desorption systems for TD-GC-MS to meet

the requirements from today’s most demanding analytical
customers. CDS Analytical has acquired the rights from 3M™
to manufacture licensed Empore™ solid-phase extraction
products, extending the reach into laboratory consumables
to provide solutions for Environmental, Life Science, and
Biopharma customers. CDS Analytical also distributes various
lab equipment including chillers and rotary evaporators for
chemistry labs.

Chief Chromatographic Techniques Supported
® Pyrolysis-GC-MS

® Purge and Trap-GC-MS

e Thermal Desorption-GC-MS

® Solid-Phase Extraction

Markets Served

CDS Analytical products have been serving the following
markets as: Polymer, Rubber, Environmental, Aerospace,
Automobile, Energy, Food and Flavor, Forensics, Paper &
Ink, Pharmaceuticals, Semiconductor, Textiles, Tobacco, Life
Science, and Clinical Diagnosis.
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Major Products/Services
Pyroprobe™ with DISC technology of-
fers easy sample loading, unparalleled
reproducibility, and superior resolution.
The 7550S 72-position Thermal Desorp-
tion autosampler supports the Peltier
electric cooling to handle C2 to C44 level
VOCs with 10,000:1 Sample Split and
quantitative Sample Saver. The 8500A
110-position automated purge and trap
concentrator is the newly launched 3rd
gen Purge and Trap platform to maxi-
mize efficiency for EPA 8260, 524, and
624 methods. The Empore™ SPE 47 mm
and 90 mm disks, 1 ml, 3ml, and 6 ml
cartridges ,96-well plate, Ez-disk and
Stagetip adopts a proprietary membrane
technology from 3M to offer the fastest
flow rate with the smallest dead volume
among all Solid Phase Extraction filtration
products. The water chiller, rotary evapo-
rator and digestion blocks are reliable
and cost effective lab equipment to help
the sample preparation work.

Facility

CDS Analytical’s facility is located in Ox-
ford, Pennsylvania. CDS products passed
various safety regulations, including CE,
METlab and NRTL. The Oxford plant has
been 1SO 9001:2015 certified and has
GMP-compliant ISO clean room capability.
CDS Analytical is bringing its production
compliance to the next level..

ip SAnalytical, Inc..
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CEM Corporation

CEM Corporation
PO Box 200
Matthews, NC 28106

TELEPHONE
(704) 821-7015
(800) 726-3331

FAX
(704) 821-7894

E-MAIL
info@cem.com

WEBSITE
www.cem.com

NUMBER OF EMPLOYEES

USA: 260
Elsewhere: 90

YEAR FOUNDED
1978

Company Description

CEM Corporation is a leading global company specializing
in scientific solutions for critical laboratory applications. We
design and manufacture systems for analytical laboratories,
bioscience applications, life sciences, and processing plants
worldwide. Our product portfolio includes innovative
instrumentation for sample preparation for elemental or
chromatographic analysis, chemical synthesis, peptide
synthesis, and other applications.

Chief Chromatographic Techniques Supported
e LC

e LC-MS

e GC

e GC-MS

Markets Served

CEM instrumentation is used by chemists, scientists, and
technicians in private industry, as well as leading universities,
analytical laboratories, and research facilities around

the world. We support numerous markets, including the
pharmaceutical, chemical, environmental, applied materials,
food, and petroleum industries, among others.

Major Products/Services

Good analysis starts with sample preparation. The CEM suite
of products is designed to bring speed, simplicity, automation,
and accuracy to sample prep for chromatographic analysis.

WWW.CHROMATOGRAPHYONLINE.COM

EDGE PFAS" and MARS 6 PFAS™ are
designed specifically for PFAS extraction.
With no background contamination, simple
operation, and the flexibility of either
sequential automated extraction, reducing
the need for SPE, or high throughput
extractions, PFAS preparation has never
been easier.

The Discover Prep” is an automated
microwave sample prep workhorse
for applications such as hydrolysis and
extraction of samples like plastics/
polymers, pharmaceutical/nutraceuticals,
consumer products, and more.

Extractions that typically take hours are
complete in minutes using a closed system
that is safer for laboratory staff.

The MARS 6" Extraction system can
be used for the same applications as the
Discover Prep but in a high-throughput
platform that allows for processing of up to
40 samples per batch, still in a fraction of
the time of traditional extraction methods.

The EDGE® is a fully automated
extraction system that performs solvent
addition, extraction, filtration, and system
wash in a fraction of the time of other
techniques. The EDGE supports extraction
of foods, cannabis, soils, and more.

Facility

CEM'’s global headquarters, research labo-
ratories, and manufacturing facilities are
located in Matthews, North Carolina. The
company has subsidiaries in the United
Kingdom, Ireland, Germany, Italy, France,
Japan, and Singapore, as well as more
than 50 distributors worldwide.
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Hamilton Company
Chromatography Products for HPLC and GC

Hamilton Company
4970 Energy Way
Reno, NV 89502

TELEPHONE
(775) 858-3000
(800) 648-5950

FAX

(775) 856-7259

E-MAIL
hplc@hamiltoncompany.com

WEBSITE
www.hamiltoncompany.com

YEAR FOUNDED
1953

Company Description

Hamilton Company is an industry leader in the design and
manufacture of liquid handling, process analytics, robotics,

and automated storage solutions. For 60 years, Hamilton has
been satisfying customer needs by combining quality materials
with skilled workmanship to ensure the highest level of
performance. Hamilton's lifelong commitment to precision
and quality has earned a global ISO 9001 Certification.

Founded on the technology of analytical Microliter” and Gastight®
syringes, Hamilton has a broad offering of laboratory products,
including manual and semi-automated precision fluid measuring
instruments, chromatography products, process sensors,
laboratory electrodes, pipettes, and more.

Chief Chromatographic Techniques Supported

e HPLC

® Polymeric HPLC columns: reversed phase, anion exchange,
cation exchange, and ion exclusion

e Silica HPLC columns

® GCsepta

e Chromatography syringes (HPLC and GC)

Markets Served
Analytical
Pharmaceutical
Biotechnology
Industrial
Clinical
Environmental

Major Products/Services

HPLC Columns: We manufacture 18 types of polymeric HPLC
columns for reversed phase, anion exchange, cation exchange,
and ion exclusion separations, providing a wide range of retention
characteristics and performance benefits. Our polymer-based HPLC
columns provide maximum inertness and pH stability (0-14)
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with the pressure stability of silica-based
columns. With our Polymeric Reversed Phase
(PRP™) HPLC columns and resins, the sample
dictates the necessary separation conditions,
not the limitations of the column. We can
also customize HPLC columns to meet a
desired application need. Each product is
manufactured to achieve the highest level

of accuracy.

Chromatography Syringes: We offer the
most complete selection of syringes on

the market for use in various applications
including GC and HPLC (autosamplers and
manual injection), thin layer chromatography
(TLC), liquid handling, and life sciences.
Crafting exceptional syringes is an evolving
science, which is why we are dedicated to
the continuous research and development
of this product line. We constantly enrich our
entire syringe offering by either improving
existing models or introducing new ones.
Using customers’ needs and feedback as

a guide, we innovate in ways that maximize
flexibility, performance, and value.

Microlab® 600 Diluter/Dispenser:

The Microlab 600 is a highly precise syringe
pump with a touchscreen interface designed
to quickly and easily dilute and dispense fluids,
while increasing throughput and reducing cost
and wasted buffer. This positive displacement
system provides better than 99% accuracy,
independent of a liquid's viscosity, vapor
pressure, and temperature. The inert fluid

path minimizes sample carryover and is
compatible with harsh chemicals.

Facility

We are a global enterprise with headquarters
in Reno, NV; Hopkinton,

MA; Giarmata,

Romania; and Bonaduz,

Switzerland, and offices -

worldwide.

HAMILTON
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KIN-TEK Analytical, Inc.

Gas Calibration Equipment

Calibrate Your Way!

Gas Calibration
For On-line Sensors,
Monitors, and Analyzers

KIN-TEK Analytical, Inc.

504 Laurel St
La Marque, TX 77568

TELEPHONE
(409) 938-3627

FAX
(409) 938-3710

E-MAIL
sales@kin-tek.com

WEBSITE
www.kin-tek.com

YEAR FOUNDED
1970

Company Description

KIN-TEK Analytical, Inc. (KIN-TEK) is a preferred provider of
devices and instrumentation for creating trace concentration
calibration gas standards and complex gas mixtures.

KIN-TEK revolutionized permeation tube technology and further
developed it to produce Trace Source™ Disposable and Refillable
Permeation Tubes. KIN-TEK's Trace Source™ technology is
employed in KIN-TEK's Gas Standard Generators to provide
accurate, NIST-traceable calibration standards. KIN-TEK’s products
include a range of stand-alone gas standard generators and
generator systems, gas mixers, and permeation devices to fit
almost any application that relies on the delivery of an accurate
trace gas concentration.

Chief Chromatographic Techniques Supported
Calibration gases

Gas standards

GC calibration

GC/MS calibration

Trace gas standards

Permeation tubes

Permeation tube supplies

Markets Served

KIN-TEK delivers trace gas calibration product solutions and services
worldwide to solve customer problems in the laboratory, field (por-
table), and process industries. Industries served include Analyzer
Manufacturers, Aerospace and Aviation, Environmental, Food &
Beverage, Petrochemical, Pharmaceutical, Refineries, Semiconductor
manufacturers, R&D, Universities, and many more!

WWW.CHROMATOGRAPHYONLINE.COM

Major Products/Services

Gas generator modules can be operated as
stand-alone calibrators or combined into a
Gas Standard Generator System.

FlexMixer™ Gas Blender (New!)
Multi-Gas Blending/Diluting System.

FlexStream™ Gas Standard Generator
Automated expandable modular
permeation system.

491Flex™ Gas Standard Generator
Manually operated expandable modular
permeation system.

EcoFlex™ Gas Standard Generator
Manually operated stand-alone
permeation module.

Span Pac™ H,0 Trace Moisture Generator
Manually operated trace moisture
permeation system.

Span Pac™ I Industrial Gas Standard
Generator Industrial permeation system for
on-line calibration of process GCs.

C0395 Flex™ Certification Oven
Stand-alone permeation tube oven.

Trace Source™ Disposable and Refillable
Permeation Tubes >550 certified standards.

Facility

Our corporate headquarters is in La Marque,
Texas. All manufacturing, certifications, and
operations take place at this facility.

KIN-TEK™ "

The Calibration Specialists
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LabVantage Solutions, Inc.

LabVantage Solutions
265 Davidson Avenue
Suite 220
Somerset, NJ 08873

TELEPHONE
(908) 707-4100

| 7:9.¢
(732) 560-0121

E-MAIL
Ivsinfo@labvantage.com

WEBSITE
www.labvantage.com

NUMBER OF EMPLOYEES
Approximately 500

YEAR FOUNDED
1983

Company Description

LabVantage Solutions is the recognized leader in
enterprise laboratory software and services, as well as
advanced analytics. More than 1500 global customer
sites across industries rely on LabVantage's highly
configurable, 100% web browser-based Laboratory
Information Management System (LIMS) platform to
innovate faster in the R&D cycle, improve manufactured
product quality, comply with regulations, increase
cybersecurity, and leverage Al. As a technology and digital
transformation leader, LabVantage offers configurable
Software-as-a-Service (SaaS), cloud-hosting, or on-premise
implementations. Investments in analytics bring the
benefits of Al to customers, while global services provide
consistent, knowledgeable deployments, validation,
migration, and professional and managed services.

Chief Chromatographic Techniques Supported
LabVantage supports all analytical techniques,

including all chromatographic techniques, by interfacing
to any commercial chromatography data system (CDS).

Markets Served
e Life Sciences
® Pharmaceutical/

® Oil, Gas, and Energy
® Genetics & Diagnostics

Biotechnology e Public Health
Medical Device o Healthcare
Biobanking e Forensics

Food & Beverage
Consumer Goods

WWW.CHROMATOGRAPHYONLINE.COM

Major Products/Services
LabVantage's integrated laboratory
informatics platform includes the most
technologically and architecturally modern
Laboratory Information Management
System (LIMS) available, with optional
embedded Electronic Lab Notebook
(ELN), Laboratory Execution System

(LES), and Scientific Data Management
System (SDMS). LabVantage Analytics, an
advanced analytics solution seamlessly
integrated to offer Al, ML, and more
through the platform, enhances analysis
and insights from a greater range of data:
LIMS, business, and external sources.

The complete LabVantage platform is
entirely configurable without the need

for any coding. It features modern
technology and architecture that enable
remote, compliant user-access from

any device; its zero-footprint means no
client programs or plugins to install or
validate; it can be installed on-premise,
via the cloud, or Saa$S (with standard or
enterprise options). Purpose-built industry
accelerators of its LIMS are pre-configured
for ease of use and faster deployment in
pharma, biobanking, food & beverage,

oil & gas, and more.

Facilities

LabVantage customers are supported
locally from nearly two dozen global
offices with support and service contracts,
as well as training.

%4 LabVantage
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LECO Corporation

software with all the tools needed to
easily locate, identify, and quantify both
target and unknown analytes, dramati-
cally reducing overall analysis times and
increasing productivity.

Products include:

® Pegasus® BT GC-TOFMS: The tried-
and-trusted reliability and durability
of our Pegasus brand in a convenient
benchtop unit

® Pegasus BT 4D GCxGC-TOFMS:
Four dimensions of analytical resolution
offer a more complete analysis in a
benchtop instrument

® Pegasus GC-HRT*: GC-MS with industry-
leading resolution (up to 50,000)
and mass accuracy for high-information

content analysis
Company Description e Pegasus GC-HRT* 4D: Combining the
For over 85 years, industries around the world have trusted highest performance GCxGC and TOFMS
LECO to deliver technologically advanced products and solutions. on the market with High Resolution
Today's technologies for separation science reflect LECO's Deconvolution®(HRD®)
commitment to understanding your laboratory’s challenges
and providing solutions that can investigate highly complex Facility
samples while streamlining your analysis. LECO instruments offer LECO's global headquarters in St. Joseph,
unparalleled separation, accuracy, resolving power, deconvolution, ~ Michigan include the Elizabeth S. Warren
and speed to increase your laboratory’s productivity using Technical Centre, a 28,000 square-foot
GC-TOFMS, GCxGC, GCxGC-TOFMS, and high-resolution GC—- facility exclusively dedicated to the research
and GCxGC-TOFMS. For more information, please visit them on and development of innovative instrumen-
LECO Corporation the web at www.leco.com. tation and equipment for LECO's separa-
3000 Lakeview Avenue tion science line. LECO has more than 25
St. Joseph, MI 49085 Chief Chromatographic Techniques Supported subsidiaries worldwide, plus additional
TELEPHONE e GC-TOFMS international distributors.
(800) 202-6141 e High Resolution GC-TOFMS
(269) 985-5496 ® GCxGC-FID/ECD
® GCxGC-TOFMS
SAX ® High Resolution GCxGC-TOFMS
(269) 982-8987
E-MAIL Markets Served
info@leco.com LECO Separation Science instruments are used in a variety of
WEBSITE applications, helping users to uncover unidentified compounds in
www.leco.com their samples. Markets include metabolomics, consumer product
VEAR FOUNDED safety, food, flavor, fragrance, environmental, and energy and
1936 fuels analysis.

Major Products/Services
An ideal choice for laboratories investigating highly complex
samples, LECO products feature exclusive ChromaTOF® brand
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Markes International

Markes International Ltd.
1000B Central Park,
Western Ave.,
Bridgend, CF31 3RH, UK

Markes International GmbH
Bieberer StraBe 1-7, 63065
Offenbach am Main, Germany

Markes International, Inc.
2355 Gold Meadow Way
Gold River, California, USA

Markes Instruments
(Shanghai) Co., Ltd
Room 901, Building 1, No.
2899 Lianhua South Road,
Minhang District, Shanghai

201109, P.R. China

TELEPHONE
+44 (0)1443 230 935 (UK)
+49 (0)69 6681089-10 (Germany)
+1 866 483 5684 (tollHree) (USA)
+86 21 5465 1216 (China)

E-MAIL
enquiries@markes.com

WEBSITE
www.markes.com

NUMBER OF EMPLOYEES
200

YEAR FOUNDED
1997

Company Description
Markes International—an industry leader in extraction and
enrichment (sample preparation) technology for trace
organic analysis—manufactures a range of instrumentation
and software that enhances the analytical capability and
productivity of GC-MS systems.

Markes’ technologies enable analysts to discover more
about their samples, and to deliver higher throughput for
both research and routine applications.

Chief Chromatographic Techniques Supported

o Thermal desorption (TD) as a sample concentration and
introduction technique for GC

e Automated sample preparation and concentration
(headspace, headspace-trap, SPME, SPME-trap, and high
capacity sorbent extraction)

o Time-of-flight mass spectrometry (TOF-MS) for GC and
GCxGC (through Markes' sister company, SepSolve Analytical)

® GC-MS data reprocessing software (through Markes'
sister company, SepSolve Analytical)

Markets Served
Defense/Homeland security
Environmental

Food and drink

Forensic and toxicology
Breath analysis
Petrochemical

WWW.CHROMATOGRAPHYONLINE.COM

Markes' global customer base includes
major industry, government agencies,
academia, and the contract service
laboratory sector.

Major Products/Services

Markes is globally recognized for its

innovation, high-quality products,

unrivaled technical expertise, and high

level of customer service within the

field of separation science. As a global

technology leader of thermal desorption

and other sample preparation for GC,

Markes has introduced many highly

successful products and technologies

to the laboratory, enabling analysts to

discover more and deliver more.

® A range of analytical thermal desorption
systems for tube, online, and canister
sampling (products include: UNITY-xr,
TD100-xr, TT24-7 and CIA Advantage-xr)

o Centri: A breakthrough in automated
sample extraction and enrichment
for GC-MS

® Micro-Chamber/Thermal Extractor
for fast sampling of emissions from
products and materials

® TC-20 sorbent tube conditioner

e Wide range of supplies and
consumables for sample preparation
(extraction and enrichment)

Facility

Markes International’s factory, technical
center, and headquarters are located
near Cardiff, UK. The company also has
technical centers in Germany, USA, and
China. It also supports a global distributor
network. Markes and its sister company,
SepSolve Analytical Ltd, are companies of
the Schauenburg Analytics Ltd group.

MARKES
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http://www.markes.com
https://www.chromatographyonline.com/
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Postnova Analytics Inc.

Facilities

NORTH AMERICA

Postnova Analytics Inc.

230 South, 500 East, Suite 110
Salt Lake City, UT 84102, USA
Tel: +1 801 521-2004

Fax: +1 801 521-2884
info.usa@postnova.com

TF2000 Thermal FFF
The Ultim: ymer Analyzer

te Pol

EMEAI

Postnova Analytics GmbH
Max-Planck-Strasse 14
86899 Landsberg, Germany
Tel: +49 8191 985 688-0
Fax: +49 8191 985 688-99

AF2000 MultiFlow FFF
The Ultimate Protein Analyze

EAF2000 Electrical AF4
e Ultimate VirushVesicle/Protein

e it info@postnova.com
UNITED KINGDOM
Postnova Analytics UK Ltd.
Company Description Unit 64, Malvern Hills Science Park,
Field-Flow Fractionation (FFF) is a separation technology that Malvern, Worcestershire
separates macromolecules or particles that are dissolved WR14 3SZ, UK
or dispersed in a suitable solvent in an open separation Tel: +44 1684 585167
channel. Postnova is the exclusive manufacturer offering the info.uk@postnova.com

whole range of FFF systems including Flow FFF, Thermal FFF,
Centrifugal FFF, and SPLITT FFF. FFF provides fast, gentle,
and high resolution separations of any particulate matter from
1 nm up to 100 pm in any liquid media in various matrices.
Particularly in the fields of nanotechnology, nanomedicine
and biotechnology, but also with increasingly complex
questions in the area of food, polymer and environmental
sciences, FFF technology has become a reliable alternative to
Postnova Analytics Inc. established chromatographic separation methods like
AURURZRRIERAE  GPC/SEC or HPLC. Because of its broad application range
Salt Lake City, UT 84102 and its compatibility with detection systems known from
TELEPHONE liquid chromatography, such as Multi-Angle Light Scattering
+1 (801) 521-2004 (MALS), Dynamic Light Scattering (DLS), Raman Microscopy,
S Refractive Index and ICP-MS.

+1 (801) 521-2884

foo1ou0ug,;

Separation Techniques Provided
Field-Flow Fractionation (FFF)
Asymmetrical Flow FFF (AF4)

Electrical Asymmetrical Flow FFF (EAF4)
Thermal FFF

Centrifugal FFF

Multi-Angle Light Scattering (MALS)

E-MAIL
info.usa@postnova.com

WEBSITE
Www.postnova.com

POSTNOVA
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Princeton Chromatography Inc.

Princeton
Chromatography Inc.
259 Prospect Plains Road,
Building L,
Cranbury, NJ 08512

TELEPHONE
(609) 860-1803

FAX
(609) 860-1805

E-MAIL
info@pci-hplc.com

WEBSITE
www.pci-hplc.com

NUMBER OF EMPLOYEES
5

YEAR FOUNDED
1994

Company Description

With over 25 years of experience, Princeton
Chromatography Inc. delivers premium chromatography
products backed by unmatched technical support.

From SFC to HPLC, analytical to preparative, all columns
are subjected to rigid quality standards. We are one of
the earliest developers of novel commercial SFC phases,
and continue to lead in this area. We also provide bulk
chromatographic media, column packing services,

and consulting.

Chief Chromatographic Techniques Supported
e UHPLC

e HPLC

e SFC

® Analytical

® Preparative

Markets Served

Globally providing chromatographic columns and media
to the following markets: pharmaceutical, bioscience,
cannabinoids, education, and drug discovery.

WWW.CHROMATOGRAPHYONLINE.COM

Major Products/Services

Princeton Chromatography Inc. offers a
wide range of stationary phases to support
analytical, prep, and ultrahigh-pressure
liquid chromatography workflows.

With new, innovative phases being added
periodically, we continue to expand our
catalog to meet your evolving HPLC and
SFC needs. All phases are available in a
range of particle sizes, column diameters
and lengths, from 2.0 mm i.d. to

50.0 mm i.d. Popular phases include
C18, 2-Ethylpyridine, Diol, and Cyano.
In addition to our standard phases,

we also specialize in custom phases

as well as column packing services,

and bulk chromatographic material.

Facility
Headquarters, production, and testing
laboratories are located in Cranbury, NJ.

PRINCETON /L

CHROMATOGRAPHY INC



mailto:info@pci-hplc.com
http://www.pci-hplc.com
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PRINCETON| ||

CHROMATOGRAPHY INC

Offering a wide range of phases and dimensions
for both analytical and prep

/] ]
- * Expansive catalog of HPLC, UHPLC and SFC columns

Specialty stationary phase design and manufacturing

Superior bulk material for large-scale applications

2-Ethylpyridine
Lot 20161768

oon 10y * Custom column packing and OEM services

Tare 240 g

Net 1000 g
Date:10/17/16  Bag: 1/6

Personalized support

Visit our website for more information.

www.pci-hplc.com | 609.860.1803
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Restek Corporation

Restek Corporation
110 Benner Circle
Bellefonte, PA 16823

TELEPHONE
(814) 353-1300

| 7:9.¢
(814) 353-1309

E-MAIL
support@restek.com

WEBSITE
www.restek.com

NUMBER OF EMPLOYEES
500+

YEAR FOUNDED
1985

Company Description

For over 30 years, Restek has been a leader in developing
technologies and manufacturing products for gas and liquid
chromatography (GC and LC), including columns,

reference standards, sample preparation materials,
accessories, and more. We have decades of hands-on,
practical experience in chemistry, chromatography, and
engineering, and our reputation for going the extra mile with
Plus 1 customer service and top-performing products is well
known throughout the chromatography community. Restek is
proud to assist analysts around the world with monitoring the
quality and safety of air, water, soil, food, pharmaceuticals,
and petroleum. We proactively offer integrated solutions—
products, applications, and assistance—perfectly matched to
your needs, regardless of your industry. www.restek.com

Chief Chromatographic Techniques Supported
UHPLC

HPLC

LC-MS

GC

GC-MS

GCXGC

Markets Served
Air monitoring
Chemical
Clinical
Environmental
Food safety
Forensic

WWW.CHROMATOGRAPHYONLINE.COM

o Industrial hygiene
® Petrochemical
® Pharmaceutical

Major Products/Services

Plus 1 Service in everything we do. Living
this corporate core value every day ensures
we will surpass your expectations every
time you contact us! Our customer service
team will suggest time- and money-saving
options, and is dedicated to getting your
products to you fast. Our technical service
chemists can help you from set-up to
method development. Visit our website,
where you can interact with our chemists’
blogs and explore an extensive library of
technical publications, chromatograms,
product documentation, step-by-step guides,
interactive calculators, animations,

and educational material.

Restek’s commitment to continuous
innovation in chromatography sets us apart
from our competitors. We introduce and
stock hundreds of new products every year,
designed by chromatographers for
chromatographers.

e Exceptional columns for UHPLC, HPLC,
LC-MS, GC, GC-MS, and GCXGC
® Innovative accessories, instrument
replacement parts, and consumables
® Air monitoring canisters and sampling
supplies

e Sample preparation products

® Reference standards: stock and
custom-prepared formulations

e Thousands of innovative products,
hundreds of chromatograms

Facilities

Restek opened for business in 1985 in

a small business incubator in central
Pennsylvania. Today, more than 500
employee-owners work, play, and

celebrate milestones in a state-of-the-art
140,000-square-foot facility in Pennsylvania,
and in our regional offices in China, England,
France, Germany, Italy, Spain, and Japan.



http://www.restek.com
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Sciencix

Sciencix
Research & Engineering
Lab Headquarters
14261 W. Burnsville Pkwy
Burnsville, MN 55306

Customer Relations &
Marketing Headquarters
110 Brady Court, Cary, NC
27511

TELEPHONE
(952) 895-8292

FAX
(952) 895-8493

E-MAIL
sales@sciencix.com

WEBSITE
WWW.Sciencix.com

NUMBER OF FACILITIES: 2

NUMBER OF EMPLOYEES
27

YEAR FOUNDED
1985

Facility

® 28,000 square foot facility

® 132+ combined years of experience
in reverse engineering, with an
emphasis on quality

® Serving customers in 100+ countries

o High stock levels, same-day shipping
on most orders

e Customer-driven pipeline for new
product development

Company Description

Sciencix, Inc. was founded in 1985 and serves customers

in over 100 countries as a trusted 1ISO 9001:2015 certified .
supplier of HPLC & Mass Spec repair parts and PM kits »
proven comparable to OEM:s in fit, form, and function. -

With same-day shipping and up to 30% less cost than " CERTIFIED——
OEMs, customers can rely on Sciencix for efficient and \ NMESDC
easy ordering. 2023

Products & Services

® Repair parts for HPLC and Mass Spec equipment,
deuterium lamps, piston seals, check valves, rotor seals,
needles, capillary electrodes, fittings, and tubing

e Custom PM kits with only the components you need

® Designs and manufactures custom “off the main menu” parts

® Free technical support and consult on Sciencix parts 5
from team of engineers with 132+ years of experience - mzsNationalsmaunnsin-ssw«mnzﬂg

e Techniques Supported: HPLC, UHPLC, DAD, VWD, q .
Mass Spec C I

oA
EADERSIIIP

Raj Bhandari

TRIANGLE
BUSINESSES

for GOOD
Proud Member 2023

7,

2023

Major Markets Served
Pharmaceutical

Environmental

Bioanalytical Chemistry

Forensic & Toxicology

HPLC & Mass Spec Service Companies
Academia

Food & Beverage

Energy & Fuels

SBA s sba.gov/nsbw

-
5\Sciencix
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Scion Instruments

Scion Instruments
11840 West Market Place,
Suite K
Fulton, MD 20759

TELEPHONE

+1 (844) 547-0022

E-MAIL
Sales-USA@scioninstruments.com

WEBSITE
www.scioninstruments.com

Company Description

Built on the history of Varian in GC and GC-MS, Scion
Instruments was acquired by the Techcomp group in 2014.
Scion Instruments is committed to continuing the 50+
year legacy of products, service, and innovation. We design,
develop, supply, and support GC, GC-MS, LC, Headspace,
and CompassCDS (chromatography data system) product
lines. Scion Instruments maintains a global infrastructure
to support sales and service not only for Scion Instruments
customers but also for users of legacy Varian and Bruker
systems. Our gas and liquid chromatography solutions help
you boost productivity and generate data confidently.

Chief Chromatographic Techniques Supported
Gas Chromatography (GC)

GC Mass Spectrometry (GCMS)

High-Performance Liquid Chromatography (HPLC)
Static and Dynamic Headspace

Autosamplers for GC, GC-MS, and HPLC
Chromatography Data System (CDS)
Preventative Maintenance and Instrument Repair
Laboratory Accessories

= GC Columns

» HPLC Columns

= GC Gas Filters

= GCInlet Liners and Septa

= Syringes

= Vials

= Balances

= Temperature Control Units

Markets Served

® Petrochemical and Refineries
® Pharmaceutical

® Food & Beverage

WWW.CHROMATOGRAPHYONLINE.COM

Flavors & Fragrance
Chemical

Contract Laboratories
Environmental
Forensic

Academic

Cannabis

Major Products/Services

e Scion 8500 GC and 8300 GC offer
versatility and superior performance for
any application. Detectors: FID, TCD,
ECD, PFPD, NPD, PDHID, MS

e Scion 8700 SQ and 8900 TQ are
designed for today's fast-paced labs.
Both have a small footprint without
compromising on quality.

e Scion LC6000 aims for confidence
in results through outstanding lifetime
performance and superior gradient
precision.

® Scion’s Versa and HT3 provide static
and dynamic headspace solutions for
any laboratory.

o Scion 8400Pro and 8410Pro offer dual
injector access with one autosampler.

e CompassCDS is our industry-proven,
powerful, and operator-friendly chroma-
tography data system software solution.

® Preventative Maintenance and
Instrument Repair

Facility

Scion Instruments prides itself on global
sales and service infrastructure with

the US office located in Fulton, MD.

Our instruments are designed at our
R&D facility in Livingston, Scotland and
manufactured at our headquarters in
Goes, The Netherlands.

SCIOoOM
INSTRUMENTS

A Techcomp Company


mailto:Sales-USA@scioninstruments.com
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SepSolve Analytical Ltd.

Major Products/Services

The wide range of products and
techniques offered by SepSolve includes
the company’s own INSIGHT-Flow and
INSIGHT-Thermal GCxGC modulators,
ChromSpace® and ChromCompare+
software for GC and GCxGC, and
BenchTOF range of time-of-flight mass
spectrometers with groundbreaking
simultaneous hard-

and soft-ionization technology—
Tandem lonisation®. SepSolve also offers
sample preparation equipment, robotic
autosamplers and thermal desorbers from
leading global suppliers.

- d  Facility
SepSolve has offices and demonstration
laboratories in Peterborough, UK,

Company Description and Waterloo, Canada, and works closely
SepSolve Analytical provides analytical platforms for separation with partners to support customers world-
scientists, including equipment for automated sample wide, with facilities in countries including
introduction, advanced GC separation, state-of-the-art mass the United States, Germany, and China.

spectrometry, and powerful data analysis.

With many years of experience in the field and access to a
range of leading equipment suppliers, SepSolve is very well placed
to advise on the most difficult challenges in analytical science,
helping analysts to discover more and deliver more—in everything
from environmental monitoring and biomarker discovery to
petrochemical analysis, food aroma profiling, and more.

SepSolve Analytical Ltd, and its sister company Markes Interna-

SepSolve Analytical Ltd . i .
4 Stvan Court Foyrt der Way tional, are part of the Schauenburg Analytics Ltd group of companies.
Hampton, Peterborough, . . .
PE7 8GX, UK Chief Chromatographic Techniques Supported
e LEPHONE ® GCand GCxGC
e TOF-MS
UK: 44 (0)1733 669222
USA: +§ ;19 206 0055 e Software for GC/GCxGC-MS
GERMANY: 49 (0)69 668 108 920 e Sample preparation (extraction and enrichment):

Thermal desorption, SPME and SPME-trap, High-capacity

£ AL sorptive extraction, Headspace and Headspace-trap

hello@sepsolve.com

WEBSITE Markets Served
www.sepsolve.com Biomarker discovery
Food and drink
Petrochemical
Fragrance

Environmental s e pso lve

Tobacco and e-cigarettes Analytical

Cannabis

YEAR FOUNDED
2016
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Shimadzu Scientific Instruments

Major Products/Services

Shimadzu offers a wide range of advanced

UHPLC/HPLC, GC, and mass spectrometry sys-

tems and components. Key systems include:

o Nexera 40 series UHPLC—Offering the
most advanced performance features
available, the 40 series enables smart,
efficient workflows and delivers
excellent data quality.

® Nexera SFC/Prep SFC—User-focused
automation and streamlined software
simplify processes, enhance accuracy and
increase productivity

® Single-quad LCMS-2050—Compact,
robust system provides a complete
package of easy-to-use high-level
performance

® Triple-quad LC-MS/MS—Outstanding
speed, sensitivity, and robust operation

Company Description for maximum uptime and the utmost in
Shimadzu Scientific Instruments (SSI) is the North American data quality
subsidiary of Shimadzu Corporation’s Analytical and Measuring o Nexis GC-2030—Offers a modern ap-
Division. Headquartered in Columbia, Maryland, SSI offers a proach to a classic chromatographic
comprehensive portfolio of robust, precision-engineered platforms. technique, delivering exceptional
From teaching environments and QA/QC to innovative R&D projects, performance and faster ROI.
customers can count on the stability, experience, and support only ® *Brevis GC-2050—Best-in-class analyti-
Shimadzu offers. cal performance and scalability in an
. e ultra-compact design.
Sh'T:::::l:::;';"m Chief Chromatographic Techniques Supported ® GC-MS/GC-MS/MS Systems—
7102 Riverwood Drive ® Analytical HPLC, UHPLC With Smart Technologies, single-
Columbia, MD 21046 ® Prep HPLC, SFC and triple-quad systems enable new
® Inert UHPLC possibilities in sensitivity, durability,
(810335:;(_);«2;7 ® SFE-SFC stability, and reliability.
(410) 381-1227 ® |on Chromatography o
* LC-MS/MS Facilities
i e Q-TOF LC-MS Shimadzu's US headquarters includes a
SRR e Multiplex LC-MS customer service and training center, a
E-MAIL e GC solution center to showcase technologies,
webmaster@shimadzu.com e GC-MS/MS and an innovation center for promoting
WEBSITE collaborative projects with customers.
www.ssi.shimadzu.com Markets Served Shimadzu’s regional facilities, strategically
T Shimadzu'’s product line flexibility enables chromatographers in any located around the US, provide customers
US: 605 environment to select the instrument best suited to their application. with local sales, service, and technical support.
Worldwide: 13,800 Shimadzu instruments are found in a wide range of laboratories,

including pharma/biopharma, environmental, food and beverages,
Shimadzu Scientific petrochemical, life sciences, and dlinical. Shimadzu provides free
Instruments: 1975 technical support for the life of the instruments, and encourages @ s H I M ADZU

Shimadzu Corporation: 1875 customer alliances to further product development. Excellence in Science

YEAR FOUNDED
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Reshaping Gas Chromatography
in a Compact, Robust Design

Discover Shimadzu's new Brevis GC-2050 gas The Brevis GC-2050 offers:
chromatograph, which delivers best-in-class

analytical performance and scalability in an « Big impact, compact footprint
ultra-compact  design, and reduces power ¢ Remote display monitoring and control
consumption by 30% compared to conventional
models. Despite the 35% footprint decrease, the
Brevis GC-2050 can be configured with a variety
of detectors and sample introduction techniques, ¢ Intelligence automated

including  dual-line  configurations,  using o Simplified operation and maintenance
industry-standard columns and consumables.

o Enhanced analytical performance

o Versatile configurations

Learn more about Shimadzu’s Brevis GC-2050. Visit us online at

www.ssi.shimadzu.com

Shimadzu Scientific Instruments Inc., 7102 Riverwood Dr., Columbia, MD 21046, USA
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Shodex - Resonac America, Inc.

Shodex - Resonac
America, Inc.
420 Lexington Avenue
Suite 820,
New York, NY 10170 USA

TELEPHONE
(212) 370-0033

FAX

(212) 370-4566

E-MAIL
support@shodexHPLC.com

WEBSITE
www.shodexhplc.com

YEAR FOUNDED
1973

Company Description

Shodex HPLC columns have been manufactured by Showa
Denko K.K. in Japan since 1973. Now under Resonac
America, Inc. our columns are designed to provide superior
separation and purification of complex mixtures, making
them a valuable tool for researchers in a wide range of
industries. Our strength in polymer synthesis led to the
production of many unique and durable polymer-based
columns. The golden-mechanical fish is a symbol of fast
and smooth liquid chromatography analysis.

Chief Chromatographic Techniques Supported
Chief Chromatographic Techniques Supported HPLC column
selection, method development, and trouble shooting, as well
as providing educational seminars.

Markets Served in North and South America
BioPharma

Applied sciences

Life sciences

Analytical chemistry

Environmental sciences

Food industry

Major Products/Services

Shodex carries thousands of different HPLC columns with
various separation modes. We are best known for high quality
size exclusion and saccharide analysis columns, as well as
unique polymer-based reversed and HILIC phase columns.
With additional selections of normal phase, ion exchange,

WWW.CHROMATOGRAPHYONLINE.COM

ion chromatography, high temperature,
and multimode columns, we are
confident we can provide the most
suitable column for customers’ needs.

Facilities

Resonac America, Inc., based in New York,
New York, provides technical and sales
support for Shodex HPLC columns for
customers and distributors in North and
South America. Our stock point in New
York allows for fast delivery in the United
States. Working with our laboratories in
New York City and Japan, we support
customers’ analytical needs.

— 1
=21 HDCIE3X
CAPTURE THE ESSENCE
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SilcoTek Corporation

Silco

Game-Changing Coatings™

SilcoTek Corporation
225 PennTech Drive
Bellefonte, PA 16823

TELEPHONE
(814) 353-1778

FAX
(814) 353-1697

E-MAIL
TechService@SilcoTek.com

WEBSITE
www.SilcoTek.com

NUMBER OF EMPLOYEES
65

WEBSITE
www.SilcoTek.com

YEAR FOUNDED
2009

Company Description

SilcoTek® Corporation is the world's leading provider of flow
path deactivations and coatings. Our patented CVD coating
technologies improve analytical reliability, increase system
uptime, and boost your bottom line. SilcoTek's coatings are used
in a large, diverse variety of industries and applications where
analytical accuracy and superior performance are critical.
Whether for industry-leading chemical compatibility, corrosion
resistance, bio-inertness, or hydrophobicity, SilcoTek coatings will
expand the material limits of your instruments and products.

Chief Chromatographic Techniques Supported
Sulfur analysis

VOC analysis
Environmental
Thermal desorption
Fenceline monitoring
CEMS

Flare subpart JA
Stack monitoring
Protein analysis

NOx, SOx testing

GC

LC

Markets Served

SilcoTek coating technologies are utilized in diverse applications and
industry segments worldwide. Since 1987, customers have relied on
SilcoTek coatings to improve the performance of their products and
increase revenue in the following markets and applications:
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Process
Analytical
Bio/Pharma
Oil & Gas
Refining
Petrochemical
Semiconductor
Corrosion
Coking/Fouling
Automotive
Aerospace

Major Products/Services

Major Products/Services: SilcoTek offers

custom silicon coatings to OEMs and labs

worldwide. Send in your stainless steel,

alloy, glass, or ceramic part and we'll apply

our signature CVD coatings. Our coating

options include:

o SilcoNert®: The most inert coating
available.

e Dursan®: An inert, high durability
coating. Ideal for lab and field analysis.

o Silcolloy®: A high purity corrosion
resistant coating.

® SilcoKlean®: Prevent carbon coking and
fouling in automotive and aerospace.

® SilcoGuard®: A low outgassing, high
purity coating, ideal for research and
semiconductor applications.

® Dursox®: A high purity corrosion-
resistant coating.

o Siltride®: SilcoTek’s most protective
and versatile silicon nitride CVD
coating technology.

Facility

SilcoTek applies coatings to customer-
supplied products from their newly
renovated 70,000 square foot facility state
of the art facility in Bellefonte, Pennsylvania.
Want to speak to an expert about your
application?

Email TechService@SilcoTek.com

or call +1 (814) 353-1778.

To find a sales representative nearest to you,
please visit
www.silcotek.com/international-reps


mailto:TechService@SilcoTek.com
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http://www.SilcoTek.com
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Syft Technologies

Syft Technologies
68 St Asaph Street
Christchurch Central,
Christchurch, New Zealand 8011

TELEPHONE
+64-3-338 6701

E-MAIL

info@syft.com

WEBSITE
www.syft.com

NUMBER OF EMPLOYEES
>150 worldwide

YEAR FOUNDED
2002

Company Description

Syft is the world leader in real-time, direct injection mass
spectrometry with more than 20 years of SIFT-MS expertise.
Syft instruments support a broad range of industries
worldwide including pharma and CDMOs, environmental
protection, consumer goods, food, flavor and fragrance,
semiconductor manufacturing and many more. Continually
developed and proven in high stakes commercial
environments, you can be assured of operational robustness,
speed and support. Syft has offices throughout the world
offering 24/7 service and support including those in New
Zealand, Korea, Taiwan, Singapore, Germany and the U.S.

Chief Chromatographic Technique Supported

® Mass spectrometry

Markets Served
Pharma/CDMO
Environmental
Consumer Product Safety
Food, Flavors, & Fragrances
Semiconductor
Automotive
Petrochemcial

Food Packaging

Border Security

Indoor Air Safety
Container Safety

WWW.CHROMATOGRAPHYONLINE.COM

Major Products/Services
o Syft Tracer

Syft Tracer Pharm11
Voice200Infinity
ContainerSure

Facilities

New Zealand

68 St Asaph Street

Christchurch Central,
Christchurch, New Zealand 8011

Taiwan

4th Floor, No. 455,
Wenhua 3rd Road
Section 2,

Linkou District,

New Taipei City, Taiwan

Singapore

211 Woodlands Ave 9
Woodlands Spectrum 2
#04-86, Singapore 738960

Germany
HilpertstraBe 31
64295 Darmstadt, Germany

United States
675 N. Euclid St. #627
Anaheim, CA 92801

South Korea
46, Angol-ro
Bundang-gu
Seongnam-si, South Korea

a Syft


mailto:info@syft.com
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Tosoh Bioscience LLC

TOYOPEARL®
AF-rProtein A HC-6501

L TOYOPEARL"
E nrrrotoin A He.5

Tosoh Bioscience LLC
3604 Horizon Drive
Suite 100
King of Prussia, PA 19406

TELEPHONE
(484) 805-1219
(800) 366-4875

E-MAIL

info.tbl@tosoh.com

WEBSITE
www.tosohbioscience.com

NUMBER OF EMPLOYEES
[E{U

YEAR FOUNDED
1987

Company Description

Tosoh Bioscience LLC is a major supplier of chromatography
products worldwide, particularly to the pharmaceutical,
biotechnology, and polymer industries. The company is a
division of Tosoh Corporation, a global chemical company with
headquarters and manufacturing facilities in Japan. Tosoh’s
portfolio of products encompasses all common modes of
liquid chromatography.

Chief Chromatographic Techniques Supported
Size exclusion

Reversed phase, normal phase (hydrophilic interaction)
lon exchange

Hydrophobic interaction

Affinity

Mixed-mode

Markets Served

Located in King of Prussia, Pennsylvania, Tosoh Bioscience LLC
provides sales and service to pharmaceutical and biotechnology
customers in North and South America.

Major Products/Services

Tosoh Bioscience LLC offers a comprehensive line of
TOYOPEARL®, TSKgel®, and Ca**Pure-HA™ bulk resins for
process chromatography. A variety of screening tools, including
SkillPak™ pre-packed columns are available as an additional
tool for convenient scale-up. In addition, bulk media volumes
of <1 L are offered for process development.
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Analytical U/HPLC columns containing
TSKgel media are designed for the analysis
of proteins, peptides, other biopolymers,
low molecular weight compounds,
and organic soluble polymers. The packings
in the columns are either silica-based or
polymer-based material, in particle sizes
ranging from 2 pm to 30 um.

The EcoSEC Elite” GPC System and the
EcoSEC" High Temperature GPC System
are dedicated GPC instruments developed
specifically for polymer analysis. These all-
in-one systems deliver top performance,
reliability, and superior results.

The LenS"s multi-angle light scattering
detector allows direct measurement of
molecular weight and provides best-in-class
sensitivity. The new LenS3 MALS-V is the
only all-in-one MALS-Viscometry detector,
offering a simple and compact solution for
triple detection measurements.

The Octave” BIO and Octave PRO MCC
Systems bring the power of continuous
chromatography to our product portfolio.

Facilities

Tosoh Bioscience LLC has US offices in
King of Prussia, PA, and Madison, WI;
manufacturing operations in Madison,

W1, and Grove City, OH; and supply chain
operations in Grove City, OH. Asia is served
by Tosoh Corporation in Tokyo, Japan,
Shanghai, China, and Singapore. Products
manufactured by Tosoh Corporation, Japan.

0 TOSOH BIOSCIENCE

TOSOH
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UCT, Inc.

WWW.CHROMATOGRAPHYONLINE.COM

Food safety
Forensic
Pharmaceutical
Veterinary

L
R

Major Products/Services

® CLEAN SCREEN® SPE columns

o Refine® Ultra Filtration Columns &
Well Plates

CLEAN UP® SPE columns

STYRE SCREEN® SPE columns

S
E
n s
3
':g
32
R
i3
g
:

LN

ST
v

@NVITO-O¥IANI

comnvas>
g E—

©ONIIY:

UCT, Inc.
2731 Bartram Road
Bristol, PA 19007

TELEPHONE
(215) 781-9255

FAX
(215) 785-1226

E-MAIL
info@unitedchem.com

WEBSITE
www.unitedchem.com

NUMBER OF EMPLOYEES
>100

YEAR FOUNDED
1986

WSHHLDA03

| O

M

i

Company Description

UCT is at the forefront of sample preparation technology and
a leader in chromatography consumables. The company’s
wide range of highly reproducible silica and polymeric SPE
sorbents provides scientists a consistent extraction technique.
UCT is in a unique position within the sample prep and
chromatographic sorbent industry; we are one of the few
manufacturers of chromatographic silane materials.

This expertise provides us with greater control and extensive
knowledge of the chemical processes involved in producing
high quality bonded phases. UCT's commitment to ensuring
customer satisfaction is accomplished by delivering on our
promises: top quality, reproducible chromatographic and
sample prep products, and unmatched technical support.
The company’s sample prep product lines include SPE car-
tridges and well plates, bulk sorbents, QUEChERS tubes,
derivatizing reagents, hydrolyzing enzymes, premeasured
buffer salts, and extraction manifolds. Chromatography
products include HPLC columns and GC liners.

Chief Techniques Supported
® Solid-phase extraction

® QUEChERS

e HPLC

Markets Served
o Clinical
e Environmental

XtrackT® SPE columns

ENVIRO-CLEAN® SPE cartridges

ENVIRO-CLEAN® universal cartridges

Fusion® Ag+

Chlorofiltr® Sorbents

QuEChERS

Quick QUEChERS

SpinFiltr™

LipiFiltr®

Selectra® U/HPLC columns

SelectraCore core-shell columns

SELECTRASORB™ bulk sorbents

SELECTRA-SIL® derivatizing reagents

SELECTRAZYME® & ABALONASE™

B-glucuronidase enzyme

SELECT pH buffer pouches

® Positive pressure manifolds

® SPeVAP® Multi-Function Solvent
Evaporator

e Vacuum manifolds

® MicroPrep™ 96-Well Microelution Plate

Facility

UCT is headquartered in Bristol,
Pennsylvania. Manufacturing and
distribution sites are in Lewistown,
Pennsylvania, and Wexford, Ireland. UCT is
represented worldwide by more than 50
partners and distributors.

UCT
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Valco Instruments Co., Inc. (VICI)

Valco Instruments Co., Inc.

(VICI)
P.0. Box 55603
Houston, TX 77255

TELEPHONE
(800) 367-8424

FAX
(713) 688-8106

E-MAIL
valco@vici.com

WEBSITE
WWW.Vici.com

NUMBER OF EMPLOYEES
US: 365
Europe: 135

YEAR FOUNDED
1968

Company Description

Founded in 1968, VICl is an international group of
companies. Our products can be found in nearly every
national lab, military facility, and university research
department around the globe. For 50 years VICI has driven
the field of chromatography with valves, fittings, detectors,
and instruments for precision analytical, biomedical, and
biocompatible applications. We also customize components

and complete systems to improve chromatographic analyses.

Chief Chromatographic Techniques Supported
High Pressure Liquid Chromatography

Liquid Chromatography

Gas Chromatography

Flow Injection Analysis

Supercritical Fluid Chromatography

Gas Permeation Chromatography

Process Gas Chromatography

Major Products/Services

VICI produces a complete line of valves for analytical
chemistry. We specialize in zero dead volume fittings
and filters for the separation sciences and are the
original creators of the pulse discharge detector (PDD).
Our miniPDD consumes less than one-fifth the amount
of helium required by the PDDs used on complete GC

systems. It has similar sensitivity to the original PDD with a

slightly lower dynamic range.
Our VICI Metronics division produces PEEK, FEP, PFA,
and ETFE tubing, ambient temperature gas purifiers,

ValcoBond GC capillary columns,

and Dynacal gas calibration standards.
VICI Precision Sampling manufactures
analytical quality syringes, sampling
probes, as well as standard and custom
formed stainless and special alloy
tubing. VICI AG International produces
some Valco products as well as the
Jour line of HPLC fittings and lab safety
products. VICI DBS builds our new line
of laboratory hydrogen, nitrogen,

and zero air gas generators.

Our newest products include the C82
line of UHPLC valves, fittings that permit
direct connection of 360 um tubing,
the Universal valve actuator, and the
C52 platform integrated HPLC injectors
and selectors.

Facility

With over 150 state-of-the-art CNC
machines, our instruments and
components are manufactured to
exacting standards at our facilities

in Houston, USA, and Schenkon,
Switzerland. Our other manufacturing
facilities include VICI Metronics in
Washington, VICI Precision Sampling
in Louisiana, and VICI DBS located

in Italy. VICI Canada serves our
neighbor to the north from its offices
in Brockville, Ontario.

v VICI


mailto:valco@vici.com
http://www.vici.com
https://www.chromatographyonline.com/

504 LCGC NORTH AMERICA VOLUME 41 NUMBER 11 DECEMBER 2023 WWW.CHROMATOGRAPHYONLINE.COM

John Wiley & Sons

Wiley Science Solutions — Spectroscopy Databases & Software

Major Products/Services
Spectroscopy Software & Spectral Libraries
Wiley is a leader in spectral data with

IR, MS, NMR, Raman, and UV-vis spectra
that are essential to analytical laboratory
workflows for the interpretation,
identification, verification, and
classification of spectra. Consistently
evolving to increase coverage for
meeting today’s research demands, these
trusted databases cover a wide range of
applications including polymer/materials,

Company Description environmental, forensics/toxicology,
Wiley Science Solutions is home to high-quality, pharmaceutical, biotech, automotive/
comprehensive spectral databases and powerful aerospace, food/cosmetics, and more.
software for spectral analysis and identification, and data At the helm of our collections are the
management. renowned Wiley Registry, KnowlItAll
Spectral Libraries, Sadtler Libraries, and
About Wiley many other important databases used
Wiley is a knowledge company and a global leader in re- in spectral analysis.
search, publishing, and knowledge solutions. Dedicated to
the creation and application of knowledge, Wiley serves Learn more: https://sciencesolutions.
the world's researchers, learners, innovators, and leaders, wiley.com/spectral-databases/
helping them achieve their goals and solve the world's
most important challenges. For more than two centuries, Wiley's KnowltAll software offers
Wiley has been delivering on its timeless mission to unlock integrated solutions to analyze and
human potential. Visit us at Wiley.com. manage multiple types of spectral
and chemical data in multiple file
Chief Spectroscopic Techniques Supported and instrument formats. KnowltAll's
e MS integrated toolsets eliminate the need
e IR for multiple software packages and
® Raman increase overall lab efficiency. Combined
e NMR with Wiley's comprehensive reference
John Wiley & Sons e UV-vis databases, KnowltAll Software provides
111 River Street, Hoboken, an unparalleled solution for spectral
NJ, 07030 Markets Served analysis. So, whether you use one or
WEB SITE e Metabolomics more analytical techniques, KnowltAll has
sciencesolutions.wiley.com ® Forensics and Toxicology the right solution for your laboratory.
MAIN WEB SITE ® Polymers and Materials
www.wiley.com ® Pharmaceutical and Biotech Learn more: https://sciencesolutions.
e Environmental wiley.com/knowitall-analytical-edition-
R O DED ® Food and Cosmetics software/
e e Quality Assurance, and many more

WILEY
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Take spectral analysis to new
heights with KnowltAll 2024

»

T J

Powerful software. Quality data.
Results you can rely on.

KnowltAll offers solutions to identify, analyze, and manage analytical data. Combined with
Wiley's comprehensive, high-quality spectral reference libraries, it provides an unparalleled
solution for fast, reliable spectral analysis.

To empower researchers, KnowltAll 2024 revamps manual GC-MS processing to provide users
greater control of component separation and identification. These improvements, combined
with the completely automated data analysis in the previous release, make KnowltAll an even
more reliable, efficient, powerful, and accurate tool for GC-MS analysis.

Supports multiple techniques and instrument vendor formats.

WILEY www.knowitall.com/lcgc
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ENVIRONMENTAL

Quantitative Analysis of Microplastics
in Shellfish using Pyrolysis-GC-MS

Author: Shilei Liu, Karen Sam

Five hundred million tons of plastic was manufactured in
2020 and production keeps ramping upwards. Over 50%
of that plastic winds up as environmental pollution. Once
in the environment, the plastic degrades into particles
smaller than 5 mm in size particles, otherwise known as
microplastics. Through the food chain, microplastic enters
plants and animals. Consequently, when we eat, micro-
plastics, along with attached additives, enter our bodies,
resulting strong concerns and demands to quantify micro-
plastics in the environment.

Many analytical techniques are capable of quantifying microplas-
tics. Py-GC-MS can be an effective solution to detect multiple mi-
croplastics in a single analysis under 40 minutes, as opposed to
days by optical counted-based methods. In this application note,
a Py-GC-MS method combining with sample prep by cryo-milling
is used to quantify microplastics in Shellfish on a CDS Pyroprobe,
which is a pulsed resistive heating pyrolyzer without 29 pyrolysis
even at the slowest flow rate, due to the minimum temperature
gradient between sample and heating element during pyrolysis.
This design feature enables the instrument to quantify complex
microplastic samples at any GC/MS split ratio.

Experimental

All solvents were pre-filtered on a 0.45 ym PTFE membrane.
Four types of shellfish were purchased, de-shelled, and 1 gram
of each sample type were transferred to individual 30 mL glass
flasks with glass stoppers for alkaline digestion. After digestion,
the sample was filtered onto glass fiber filters under vacuum.
Filters containing particles from alkaline digestion were then
ground with a CDS liquid nitrogen cryo-mill (P/N 6204-3023).
Each filter was placed into the 5 mL grinding vessel of the cryo-
mill with a 9.6 mm grinding ball and capped. Next, each vessel
was immersed in liquid nitrogen for 5 min, then removed and

Table I: 6 Chosen Indicator Peaks for 6 microplastics

Table II: Calibration Curve Linearity

Polymer R2

PMMA 0.999
BS 0.992
PP 0.970
PVC 0.982
PE 0.985
PET 0.987

Table Ill: RSD Cryo-grinding Replicates.

Area

Counts
Polymer 1 2 3 4 RSD
PMMA 930897 | 968001 | 887338 | 970507 4.15%
PS 207426 | 214896 | 203695 | 213600 2.51%
B 208176 224057 204323 222725 4.67%
PVC 242205 246945 241199 257526 3.02%
PE 87323 83657 87368 89454 2.77%
PET 723135 686987 667420 695292 3.34%

ground in the mill for 40s at a 65Hz vibration frequency for a
total of 8 repetitions. A 2 mg ground subsample was added to a
pre-cleaned DISC tube for pyrolysis.

For the standard calibration, 1 mg each of Polyethylene (PE),
polymethyl methacrylate (PMMA), polyethylene terephthalate
(PET), polyvinyl chloride (PVC), polystyrene (PS) and polypro-
pylene (PP), were weighed and added to cryo-mill vessels with
0.15 g of diatomaceous earth and ground to obtain a 6.67 pg/mg
concentration of microplastics as a stock standard. Then 0.66
mg, 0.97 mg, 1.48 mg, 1.97 mg and 2.44 mg of stock standard
were placed in pre-cleaned DISC tubes and analyzed for a total
of 5 calibration levels.

Microplastic Indicator Compound RT Quant lon Results
PMMA Methyl Methacrylate 382 100 To distinguish microplastics from Ieach other, 'indicator clom—
PS Siiee 692 104 poun'ds were chosenl to t?oth identify and quantify §ach micro-
> 4-Dimethvihent plastic (Table 1). Calibration was performed by plotting polymer
PP a ITeeney P 5.99 70 weight against quant ion area counts. Each of the six micro-
i i ibrati i 2

PVC el 10.25 128 plastic standard§ presented a linear calibration with a.n R>0.97
PE 1-Und 599 55 (Table 2). A replicate study on the 13.13 pg level provided RSDs
- _n eeene . around or under 4% (Table 3). The replicate chromatograms are

PET Bipheny! Lhitel2s overlayed in Figure 1.
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Figure 1: Overlay of 4 replicate standards. Peak Identifications 1: Methyl methacrylate, 2: 2,4-Dimethylhept-1-ene, 3: Styrene.
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Figure 2: Shellfish sample test results.

Quantification of the microplastics in the shellfish was per-
formed by applying the linear equations generated from each

calibration plot. It was found that the shellfish contained PE and .Yea’

PP, exceeding 80% of the total microplastic amount, with ranges 2 )

from 1 pg/g to 15 pg/g (Figure 2). Innovation Analytical _
Conclusion

Quantification of microplastics in shellfish was accomplished by CDS Analytical, ISO 9001:2008 Certified
sample preparation involving a solid diluent and cryo-milling, fol- 465 Limestone Road, Oxford, PA, 19073
lowed by Py-GC-MS. Website: www.cdsanalytical.com

Phone: 1.800.541.6593
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BIOPHARARMACEUTICAL ANALYSIS

Shodex LB-800 HQ Column Series for SEC-MALS Analysis

Introduction

Multi-angle light scattering (MALS) detection has become an
indispensable tool for large molecule analyses such as protein
and polymer characterization. MALS detectors determine ab-
solute molar mass and conformation of macromolecules, com-
parable over a wide range of molecular weights. Measurements
are made without reference to molar mass standards, column
calibration, or molecular conformation.

The coupling of MALS with high-performance size exclusion
chromatography (SEC) has provided a unique and attractive
technique for obtaining absolute molecular weight information
and molecular size information about macromolecular systems
including both natural and synthetic materials.

Shodex™ OHpak™ LB-800 HQ series is a size exclusion chro-
matography column compatible with aqueous solvents as well as
organic solvents such as N,N-dimethylformamide (DMF). The
column series is suitable for the separation and molecular weight

Improvement of Baseline Noise

Polymer GFG Column
0. 008
8 0. 0061 ll bl '
g .
o 0.004]
06 1
0.002 -
Shodex LB-8§06M
0. 0000 : 10
Minute

Comparison of Signal to Noise Ratio (S/N)

0.5% Pullulan |Polymer GFC LB-806M

Mw 1420 < 17
Mw 5300 - 96
Mw 12000 - 189
Mw 20800 4 422
Mw 46700 6 567
Mw 95400 13 780
Mw 194000 20 1375

Figure 1: The chromatogram compares the performance of a
Polymer GFC column to the Shodex™ OHpak™ LB-806M column
to detect 0.5% Pullulan (MW of 12,000 Da) using a MALS detector.
The table shows the Signal to noise ratio comparison of a Poly-
mer GFC column to the Shodex™ OHpak™ LB-806M column.

distribution analysis of high molecular weight polymers, proteins,
and/or oligomers. Further improvement of the Shodex SB col-
umn series for SEC-MALS detection for superior base-line noise
performance has been achieved with the LB column series.

Shodex™ has successfully developed the OHpak™ LB-800
columns which are suitable for MALS detection. The LB column
series is comparable to the SB column series; however, extra
washing is performed on the stationary phase to reduce column
shedding. The LB series are well-suited to provide signal at low
concentration with low molecular weight standards.

Experimental conditions: A Shodex™ OHpak™ LB-806M col-
umn (8 mm I.D. x 300 mm, 13 pm) was used with a MALS
detector. The method conditions were isocratic, using 0.1M
NaNO, with a flow rate of 1.0 mL/min, and the column tempera-
ture at 30°C.

Results: ShodexTM has successfully developed the ShodexTM
OHpakTM LB-800 columns, which are suitable with MALS de-
tection for SEC analysis. In comparison to the Polymer GFC col-
umn, the ShodexTM OHpakTM LB-806M provides low S/N using
the MALS detector, and therefore, better chromatography capa-
bilities for different MW Pullulan standards (Figure 1).

Conclusion: The ShodexTM OHpakTM LB-800 column series
is well-suited to provide signals at low concentration with low
molecular weight standards. ShodexTM OHpakTM LB-803 HQ
coupled with MALS detection has very low baseline noise and
improved chromatography.

-— - R
::.J_-T-_J-CJQ_'J_;-i
CAPTURE THE ESSENCE

Shodex™/Showa Denko America, Inc.

420 Lexington Avenue Suite 2335A, New York, NY 10170
tel. (212) 370-0033, X109

Website: www.shodexHPLC.com
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INTERNATIONAL

Introducing
LCGC International ™

Have you heard? We’re merging LCGC Europe, Asia Pacific,
and North America magazines into one global brand, LCGC
International in January 2024.

We're thrilled to be able to increase our capacity to deliver
our readers exceptional scientific articles and news on a
global scale.

Stay tuned on ChromatographyOnline.com
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PHARMACEUTICAL

Characterization of a Novel Antibody Drug
Conjugate Mimic by Size Exclusion and
Hydrophobic Interaction Chromatography

Empowered antibodies, such as antibody drug conjugates
(ADCs), continue to be investigated as biotherapeutic drug
candidates. ADCs combine the tumor specificity and target-
ing capability of mAbs with the cytotoxicity of potent small
molecule drugs into hybrid molecules that are promising
anticancer therapeutics. These molecules are comprised of
three components: a monoclonal antibody, a stable link-
er, and a cytotoxic small molecule drug. For the cysteine-
linked ADC mimic used in this study, a dansyl fluorophore
(~668 Da) is covalently bonded to an IgG; mAb (150 kDa)
via an LC-SMCC crosslinker (Figure 1). This procedure re-
sults in a mixture of drug-loaded antibody species with O to
8 drugs (Figure 2).

ADC conjugation plays a role in both drug efficacy as
well as clearance, and it must be well understood during
drug development. Size exclusion chromatography (SEC)
and hydrophobic interaction chromatography (HIC) are
two commonly employed techniques used to characterize
the drug-to-antibody ratio (DAR) under native, physiologi-
cal conditions. In this application note, the ADC mimic was
analyzed by size exclusion chromatography/mass spec-
trometry (SEC/MS) using a TSKgel® SuperSW3000 column
and by HIC using a TSKgel Butyl-NPR (nonporous resin)
column. Coupling these chromatographic techniques

allowed elucidation and verification of the DAR profile for
this model biomolecule.

Experimental HPLC Conditions
SEC/MS Conditions

Column: TSKgel SuperSW3000, 4 um, 2 mm ID x 30 cm

Mobile phase: 100 mmol/L ammonium acetate, pH 7.0

Gradient: isocratic

Flow rate: 0.07 mL/min

Detection: ESI-MS

Temperature: 35°C

Injection vol.: 1.0pL

Samples: ADC mimic, 100 pg/mL (MilliporeSigma™),
100 mmol/L ammonium acetate, pH 7.0

MS mode: Scanning, m/z 1000-8000

HIC/UV Conditions

Column: TSKgel Butyl-NPR, 2.5 um, 4.6 mm ID x 10 cm
Mobile phase: ~ A. 50 mmol/L potassium phosphate,
1.5 mol/L ammonium sulfate,
pH 7.0 plus 5% (v/v) isopropy! alcohol
B. 50 mmol/L potassium phosphate,
pH 7.0 plus 20% (v/v) isopropyl alcohol
Gradient: 0% B to 100% B in 50 min
Flow rate: 1.0 ml/min
Detection: uv @ 215 nm
Temperature: 35°C
Injection vol.: 5.0 L
Samples: ADC mimic, 100 pg/mL (MilliporeSigma),

0 Y
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Figure 1: Cysteine-linked ADC mimic

Figure 2: Heterogeneity of cysteine-conjugated ADCs

510

THE APPLICATION NOTEBOOK — DECEMBER 2023



100 Y 146474

143799

147812

8
149147

0 R i o
143000 144000 145000 146000 147000 148000 149000
Mass

Figure 3: Native SEC/MS spectrum of the ADC mimic

Results and Discussion

The ADC mimic was injected onto a TSKgel SuperSW3000 SEC
column coupled to a mass spectrometer in order to examine the
DAR profile. Figure 3 shows the deconvoluted mass spectrum
of the ADC mimic. Main peaks can be seen at m/z 143,799;
145,135; 146,474; 147,812; and 149,147. The difference in
molecular weight between each main peak is 1336 Da, corre-
sponding to the molecular weight of two dansyl fluorophore mol-
ecules. The average DAR was found to be 3.9.

The DAR profile was then confirmed by HIC using a TSKgel
Butyl-NPR column and UV detection. As more of the drug is con-
jugated to the mAb vehicle, the ADC becomes more hydropho-
bic and is retained longer by the HIC stationary phase, allowing
resolution of the different drug loaded species. Figure 4 shows
the DAR profile of the ADC mimic. The chromatogram shows well
resolved peaks ranging from a DAR of O to 8.

Conclusions

SEC/MS and HIC/UV can be effectively used to characterize the
DAR profile of ADCs. The mobile phase ensured a non-denaturing,
MS compatible condition that was successfully used alongside
the TSKgel SuperSW3000 SEC column to elucidate the molecular
weight of the ADC species present in the drug mimic by high resolu-
tion ESI-MS detection; SEC/MS analysis indicated that the average

Elution Order:
1) DAR 0 (native mAb)
2) DAR2

3) DAR4
4) DAR6
5) DAR8

T T T T T
10 20 30 40 50

Retention time (minutes)

o

Figure 4: HIC/UV analysis of native ADC mimic

DAR was 3.9. HIC/UV using a TSKgel Butyl-NPR column further
confirmed the DAR profile by probing the hydrophobic character of
the various antibody-payload combinations present in the sample.
An average DAR of 3.9 was verified via HIC/UV analysis.

Data Contributed by MilliporeSigma:

Cory E. Muraco?, Kevin Ray?, Gary Oden!, and Dave Bell!

1 MilliporeSigma, 595 North Harrison Rd. Bellefonte, PA 16823
2 MilliporeSigma, 2909 Laclede Ave. St. Louis, MO 63103

TSKgel and Tosoh Bioscience are registered trademarks of Tosoh Corporation.
MilleporeSigma is a trademark of MERCK KGAA.

o TOSOH BIOSCIENCE
TOSOH

Tosoh Bioscience LLC

3604 Horizon Drive, Suite 100, King of Prussia, PA 19406
tel. (484) 805-1219

Website: www.tosohbioscience.com
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Polymeric HILIC Columns

iHILIC-Fusion(P) and
iHILIC-(P) Classic are two
lines of polymeric HILIC \
columns with different \

surface chemistries. They o, \\

provide complementary \

selectivity, ultra-low column \-

bleeding, and excellent

durability at basic conditions. According to the company,
the columns are particularly suitable for LC—-MS-based
analysis of polar compounds in “Omics” studies at

pH 1-10.

Hilicon AB

Tvistevdagen, Umed, Sweden
www.hilicon.com

[
HILICON

LenS™s: MALS-V Detector

The LenS3 MALS-V .
detector is the
only all-in-one
MALS-Viscometry
detector on the market,
offering a simple and
compact solution for triple
detection measurements
when combined with a
concentration detector
(Rl'or UV) to enhance
your polymer analysis.
Viscometry is a perfect complement to MALS for polymer
analysis. The intrinsic viscosity (IV) of polymers reflects how
dense and how flexible polymer chains are in dilute solutions.
The lower the IV, the more compact the polymer is while rigid
polymer chains show a higher IV than flexible random coils.
When combined with light scattering measurements, the MW
and IV distributions provide a wealth of structural information
about polymers.

Tosoh Bioscience LLC,
King of Prussia, PA.
www.tosohbioscience.com

0 TOSOH BIOSCIENCE
TOSOH

LCIGC

Follow us on social media for more updates on
the field of chromatography industry

Join your colleagues in conversation and stay up-to-date
on breaking news, research, and trends associated with the industry.

o
in linkedin.com/company/lcge

f @Icgemagazine

X @LC_GC

M—I life sciences’
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Sciencix PM Kit CTS-21939

Sciencix PM Kit

CTS-21939 contains I
all parts necessary to
maintain the Waters®
ACQUITY® Arc™
SM-FTN system's

peak performance

and is comparable

to OEM 201000302.
Since 1985, Sciencix

is recognized as a
premier alternative
provider of HPLC

& Mass Spec
replacement parts with
lower prices and
same-day shipping on orders placed by 6pm EST, M-F.
Each product must pass a rigorous 1SO9001:2015 QMS
process and is designed, tested, and proven as comparable
with the OEM part.

Sciencix,
Burnsville, MN.
WWW.Sciencix.com

-
_giSciencix

Single-Quad LCMS-2050

Shimadzu's LCMS-2050
combines ease of use

as an LC detector with
excellent mass spec
capabilities. The Dual lon
Source, which combines
heated electrospray and
atmospheric pressure
jonization, can analyze a
wide range of compounds
from multiple chemical
classes. Ultrafast technology, including a 15,000 u/sec scan
speed and polarity switching time of 10 msec, maintains high
data quality while improving overall throughout. The system
can be used like an LC that operators simply turn on and use,
enabling everything from MS data acquisition to data analysis.
Additional features lead to streamlined operations and easy
maintenance for greater uptime.

Shimadzu,
Columbia, MD.
www.ssi.shimadzu.com

= SHIMADZU

Excellence in Science

Ad

> 1S09001:2015 Certified
» HPLC & Mass Spec Repair Parts

7 g Tested & Proven Comparable to
/w/ the Top Brand OEMs
. 7 > Up to 30% Lower Cost
-

» High Stock Levels Maintained

Sciencix Honored at the White House

as the U.S. SB’ National Expo

Serving Since 1985

rter of the Year! -
= 7

Customers in 100+ countries

Same-Day &
International Shipping!

. Contact Us:
We ship same-day Y
h h sales@sciencix.com
throug +1-800-682-6480

6:00 pm, EST!
Search for parts at

www.sciencix.com
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2-iN-1 KitS.ooveveeierecierees .
96-position block systems..............ccc.c...... 526

AMPErometriC........coovvvveereerieeieese e 519
AMPhOIYEES. ... 523
Analyses, environmental ........................... 525
Analyses, forensic ..........cccccoevceiiciciennee 525
Analyses, GC, GC-FTIR........ccovoveiirinene 525
Analyses, GC, GC-MS ..........ccovcveieriinne 525
Analyses, LC, LC-MS.......ccccveviirinnnnne 525
Analyses, SEC ......ccccoovveeveneieiiee s 525
Analyses, SFC, SFC-MS.........c.ccceocevvnnne 525
Analyses, SPE..........ccoiiiiiniiiiceeeee 525
Analytical ... 522

Analytical systems and controllers for GC 524
Analytical systems and controllers for LC .524
APPlICALOrS. ..o 523
Automated gas-sample collectors............. 526
Automated sample-handling equipment ...526
Automated solid-phase

extraction equipment...........c.cociinie 526
Automated workstations, IBM-compatible.524
AutoSamplers .......ccocceeveevieiieieeee 520
AUtoSamMPIErS ....ooveeiiiieiecee 522
Autosamplers ........cccoeveeverieee XXX
s
Bacteriological..........cccoeveiiiiiiiniiicieciens 525
Balances........cccovveeiiiiiieiiceeeeee 527
Barcode systems/software............ccccoue..e. 524
Basic compounds...........cccccceiiiiiiiciiinnne 518
Baths ....cooeeeie 527
Biochemical.........cccooiiiiiiiiiieicce e 523
Biological-grade...........ccccoveeiiiiiniieeiieinene 523
Biopolymers.........ccccooiiiiiiiiiiec 518
BiIOSENSOIS.....oviiiiiiiieiieeee e 527
Blanks......coooiiiiiie 521
Blanks, flash ...........cccooeeeiiiiicieeee, 517

Blanks, HPLC analytical............cccocvvenenee. 517
Blanks, HPLC preparative..........c.cccceeene.. 517
Blanks, microbore...........ccccccvvveveeeieciivennnnns 517
BUFfers ..o 523
c |
Calibration ........cccccveeeerenerieeeeeeee 524
Calibration systems, LC ...........ccccceiinnee 524
Capillary ... 518
Capillary (open-tubular)............cccccceeurnnene 521
Capillary (open-tubular)............cccccceeuennene 523
Capillary column.........cccooeiiiiiiiiiiie 523
Capillary, chiral........ccccooeeeniiiciiiecieee 521
Capillary, environmental.............ccccoeeveeeane 521
Capillary, high-temperature........................ 521
CaPSUIE ...t 525
Carbohydrates.........ccceeeeeririeenciiiiiene 518
Carfier gases........cooueveeeneniereieneeeeeene 522
Cartridge

Cartridge

CE prediction and modeling.............cc.c.... 524
Cell culture equipment...........ccceevveeierinnns 527
CellUlOSE.....c.ooueeiieiirieeresee e 525
Centrifugal ......c.ccceirencinnce e 526
Centrifuges .......coveerereeinienicee e 527
Charged aerosol.........coceeerveieneneaienennns 519
ChemometriCs .........ccccovrciiiiiiciccce 524
Chiral ..o 517
Chiral ... 518
Chiral ... 519
Chiral ... 523
Chromatography data system validation...525
CliNICAL ... e 524
Coating equipment ...........ccccoveerecencenenene 523
C0atiNGS ... 523
Coatings for LC packings...........c.cccceveueuene 517
ColumN OVENS ..o

Column repacking, LC
Column selection and switching systems .520

Complete systems.........cccccoceveciiciciccnenne 523
Concentrators or evaporators ................... 526
CondUCHIVIY ..o 519
Conductivity meters..........ccccccveicicncccne 527
Consulting, environmental.............cccceeeeae 525
Consulting, GC.....cccoeveieieiieeceeeeee 525
Consulting, general ..........cccccociiiiiinnne 525
Consulting, LC......ooviiiiienicieceeeeee 525
Consulting, SPE .......ccooiiiiiiiecreeieee 525
Contract development...........ccoocciiinine 526
Countercurrent ...521

Countercurrent chromotography accessories 520
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Data convertors, analog-to-digital ..
Data convertors, digital-to-analog ..
Data recorders.........c.cccceeennene
Debubblers..............
Degassing equipment .
Derivatizing agents..
Desiccators..............

Electrochemical..........cccoocevviiviieeinenen,
Electron-capture..........cccccocoiviiiininns
Electronic nose instruments.................
Elemental analyzers.........c.ccccoeeeveennen.
ENCIOSUIES......ooeieeeeeieeecee e

Environmental

ENZymes.......ccoooviiiiiiiie e,
Equipment qualification or validation....
Evaporative, LC (light-scattering).........
Expert systems........ccoccevveeviiiieeniennn,
EXtractors .......ccccvveiiiinicicee e,

Dipping chambers
Dissolution testers.........ccccoveevvvenieenen.

Crimpers & decappers ........cccccoeveeeeeenenens 526
Crucibles ... 527
Cryogenic cooling accessories.................. 522
CUSTOM ..o 517
CUSIOM .. 517
CUSTOM .. 518
CUSTOM ..o 518
Custom-made..........ccoeevviiiiiiiicicicce 521
Custom-mMade........coevveeriereeierereeeceens 523
Custom, for chromatography..................... 524
Cyanopropyl.......cccceevcieiiieciiic i 517
o
Data acquisition...........ccceceereennee. ..524
Data acquisition and data handling ..524
Data analysis and reporting ........ ..524

Fast GC accessories. .......covenenereecnene 522
FerrUIeS ...cvvviiiiiiiieeeeee e 522
Ferrules ......oooeviiiee e 523
Filter holders.........cocvevievieiiiiieieceeceee 526
FittingS ..veve e 522
Fittings ....523

Fittings for high-pressure LC (>500 psi)....

Fittings for low-pressure LC (<500 psi)

520
520
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Fittings/flanges ..........cccocoiiiiinciinne 527
Flame ionization ..........cccccoeiiviininiiinns 519
Flame ionization ..........c.cccooviviiniinciiins 521
Flame ionization ..........ccccoeeiiviiviiiiiines 523
Flame photometriC..........ccoccvviiviiiiiiinns 521
L F= T o 517
FIASH. .. 518
Flash chromatography ..........ccccoveeiennne 521
Flash chromatography accessories .......... 520
FIOW CEIIS....cviiiiiiieie e 519
Flow cells for UV-vis detectors.................. 523
Flow controllers ..........ccoccovvirviineenniiienns 522
Flow controls and flow programmers........ 520
Flow programmers ..........c.cccceveeeeceecnenncns 522
Flow-injection analysis equipment ............ 527
FIOWMELErS.....cceiiiieieiie e 522
Flowmeters, liquid ..........ccoccevviineniiinns 520
Fluid handling equipment............c..cc.cc..... 527
FIUOrESCENCE......covveeieiieee et 519
Fluorescence (mercury specific) ............... 521
Fraction collectors and accessories.......... 522
Fraction collectors, automated.................. 520
Fraction collectors, drop counters for........ 520
Fraction collectors, refrigerated................. 520
Freeze Dryers.........ccocccereeee ..527

Frits............ ..520
Fume hoods . ...527
FUMNItUre ..o 527

Gas analyzers .......cceecveeieeiiesiie e 522
Gas purifiers.......
Gas-purification ..

Gas-sampling valves.... ...522
GC method development ............ccccceneeee 524
GC-FTIR (complete systems) ............cc.c... 522
GC-MS (complete systems).........cccccueneee. 522
Gel permeation (size-exclusion)................ 517
Gel permeation (size-exclusion)................ 517
Gel permeation (size-exclusion)................ 518
Gel permeation (size-exclusion)................ 518
Gel permeation (size-exclusion)................ 518
General laboratory chemicals ................... 524
GIasS-fIDEN ..o 526
GIASSWAIE ..ot 527
Glassware washers..........ccoceeevieieicnens 527
Gradient.......ccovereeeeereeee e 520
Gradient........ccooerereeeeeee e 521
Gradient MIXers.........ccoveereeeceneeiieieiens 520
Gradient programmers..........ccccooceveeeenne 520
Graphics or manuscript preparation.......... 524
Guard COlUMNS ......c.eeviiieiericeneeeeeeene 517

Headspace analyzers............ccccccooveeennne. 522
Headspace vials & closures............c.c....... 526
Heaters/Coolers ..........covveieveeenieeee, 527
Helium ionization..........cccceeeeiieiicciieciens 522
High-pressure (closed-column)................. 521
High-temperature ..........c.cccceveiinincnen. 521
Homogenizers ... 527
HPLC .. 520
HPTLC accesSsories .......ccoouevvearervevennenne 523
HPTLC equipment..........cccoeeueieniiciincnee 523
Hydrogen generators ............ccccocecucinnene 522
Hydrophilic interaction...........ccccocoveeiieiiens 517
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Hydrophilic interaction.............cccccvieinns 518
Hydrophobic interaction ...........cccccceveveene 517
Hydrophobic interaction ............................ 518
Hydroxyapatite ...........ccccoeiiiniiiiiics 517

Imaging equipment/accessories................ 527
INfrared .......coocoeviiioiiieeee 519
Inlet filters .......covveeiiieeeeeeeeee 522
INlEt lINErS ...oovviiiiiiiiee e 522
Instrument control...........cccocevciiiiiiiinnne 524
Instrument-computer interfaces ................ 523
Interfaces, GC-MS...........ccovvveveeiiiiiiinnnns 522
Interfaces, LC-MS ........cccoevevveviieiiecieeeee 520

lon chromatography .........ccccoceeeeiirienenne. 517
lon chromatography ..........ccccccooeiiiiinn. 518
lon chromatography ..........cccccooecviiiiicnns 524
lon chromatography buffers ...................... 524
lon mobility spectrometers ...........ccceeeee 522
lon-exchange...........ccoceiiiiiiniiciiiics 517
lon-exchange..........cocoeoveeeieniniciciceee 518
lon-exchange..........ccooioiiiiiiiii 518
lon-exchange..
lon-exchange............ 525
lon-exchange resins.
lon-exclusion ..
lon-exclusion ..
lon-exclusion ..
lon-exclusion ..
lon-pair reagents ...... 524
lon-selective electrodes...

Lab environment..........cccccovvvniiiiiiniinenns 526
Laboratory information

Leak detectors, solvent .............cccoeevvveenens 520
Leasing or renting, GC equipment............ 525
Light-scattering.......c.ccooveeevenenicicneeene 519
Lighting ...ccveeeeeeeeeeee e 527
Liquid phases ..........ccociiiiiiiiiici, 521
Low-flow-rate........c.cocvrveieneninicc e 520
Low-pressure (open-column) .................... 521

Magnetic bead separation......................... 526
Manifolds for solid-phase extraction.......... 526
Mass spectrometer.........cccoovvvviviineinnnns 523
Mass spectrometers, high-resolution ........ 522
Mass spectrometers, residual gas analysis,
MAGNETIC.....ooeiiiiicieeeee e 522
Mass spectrometers, residual gas analysis,
QUAAIUPOIE ..o 522
Mass spectrometric ..........ccooeeveciiiienen. 519
Metering .......cococriiiiriics 520
Method development, CE............ccccceevene 525
Method development, GC, GC-MS............ 525

Method development, LC, LC-MS............. 525

Method development, SEC ...........ccccee.e. 525
Method development, SFC, SFC-MS ....... 525
Method development, SPE ....................... 525
MICIO LC .. 521
MiCro-INSerts.......ccoovvvviiirieeceeecee 526
Microplate Readers...........ccocoeviivicnnn. 527
Microscopes/accessories........oovvveuenuene. 527
Microwave Systems.........cccoevveiieeiieenieens 526
MiXiNg tees .....c.ooviiiiiiice e 520
Moisture analyzers...........ccccccceeriiiiciiinnee 527
Monoclonal antibodies ............ccccocveevennne. 518
MONOIINIC ... 517
Multidimensional............coceovrinincienene 522
Multidimensional systems ...........cccccceeeveene 521
Multiple sample systems........cccccceecveeenenne 526
N
Needles for septum penetration................ 522
Nitrogen generators..........cccceeveervenennene. 522
Nitrogen generators, LC-MS ................... 520
Nitrogen-selective...........cccoceiiiiiciiiins 522
NOrmal-phase........ccoeceevieeieenieiiecieeiens 517
Normal-phase..........cccccoviiiiiiicicce 517
Normal-phase.... ..518
Normal-phase.... ....518
Normal-phase.................... ....518
Nucleosides and nucleotides ... ..518
NYION o 525

On-line analyzers .........ccccoveveevicieccennee
On-line analyzers .

Organic acids .......

Other Accessories

Other Column packings............cccoceueenueneee 517
Other Columns .......cccceviiiicieceeiee 521
Other Columns, HPLC (>10 mmi.d.)........ 518
Other Columns, HPLC (2.1-10 mm i.d.)....517
Other Columns, low-pressure ................... 518
Other Columns, microbore (1-2 mmi.d.)...518
Other Columns, specialty ...........ccoereniene 518
Other Complete systems..........ccccceevueenee. 521
Other Detectors, detector accessories......522
Other Filters......oovieiieeicvecceiee 526
Other Filters, membrane ...........ccccceeeeene. 525
Other GC-related services .........ccccevveuene 525
Other LC-related services ..........ccccevenuene 525
Other Pumps and accessories.................. 520
Other Sample-handling accessories.......... 526
Other Standards..........coceeevveiineeicncniene 524
Other SyStems.......c.ccevveeieeiieiiecieeee, 522
Other Systems.........cccoeveincicieicieeeeee 523
OVENS ..ot 527
P
Packed ..o 523
Packed column..........cccooiriiiniineiiiices 523
Packed, analytical ...........cccceeeviniiiencnnne 521
Packed, capillary (micropacked)............... 521
Packed, preparative .............cccocoeviiieenne 521
Paper.....cciiiiicce 526
Particle size analyzers..........c.cccocvvviiinnnns 527
Partition chromatography equipment........ 521
Peptide-protein.........ccooeeveeiciiiiiicee 524
Peptides ......occovviiiiiiii 518
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PeristaltiC.......ccoovreeiriieceeee 520
Pesticide and herbicide.............ccccceceeeennne 524
Petroleum testing ..........ccooveveiiiiiiiee 527
PH MELErs ..o 527
pPH-Metering......c.ccoovvvveiinieeeceeee 519
Pharmaceutical...........coccovveiriiiniincics 524
Photography devices or systems............... 523
Photoionization............cccccoceviniiinccicnne 522
Pipettes ... 527
PiStON ..o 520
Plasticware ...........ccccevviinicieniienece 527
Plates .....oooooriiiiiie 523
PolymeriC.......cccooviiiiiiiiiiiccc 518
Polymeric, HPLC .........ccccooiiiiiiniiiiciies 517
Polymeric, low-pressure...........cccccoceeeenene 517
Polymers ..o 524
Polynuclear aromatic hydrocarbons.......... 519
Polypropylene.........ccccooiiiiiiiiiiicee 525
Polysaccharides............cccooiiiinciinnnne. 519
POIYSUIfONE.....coeiiiiiiiiic 525
Portable ... 522
Preparative .........ccceceviiineceeee 521
Preparative .........coccoovieiiiiiii e 522
Preparative ... 523
Preparative equipment and accessories...523
Preparative GC... ...525

Preparative LC ...
Preparative SFC....
Pressure monitors .

Pressure regulators... ...520
Primary ............... ...524
Printers .. ..524
Process . 517
Process .... ...521
Process ....... ...522
Process control...........ccoccevviiiiinienccienns 524
Process LC......coooveiiiniiinecieeeeeee 525
Protective clothing/eyewear ...................... 527
Proteins ......oocovoiiiiiiei e 519
Proteins .....ccoooeieieeieeseeeee 524
PTFE oo 525
Pulse-dampening devices..............c.......... 520
Pump seals and spare parts ..........ccccce.. 520
Pump-inlet ..o 526
Pumps ... 522
PUMPS .o 523
PUMPS oo 527
Purge-and-trap devices............ccccceceeennnne 522
PVDF ..o 525
Pyrolysis equipment ..........cccoocveviiviiiinnns 527
Pyrolyzers........ccooiviiiiiiicee 522
R
Radioactivity .........ccccvveniniciericecce 519
Radiochemical.........cccccoovvvieiieniiinicce 524
Reconditioned equipment ...........ccccceeene 520
Reconditioned equipment ...........ccccccceeee 522
Refractive indeX..........cccovvveiiniiiniicccne 519
Refractometers........ccccovoiriiiiiiiicis 527
Refrigerators/freezers...........ccccovciirnnnnne 527
Regulators .........coceeeeviiiniceiceeeee 522

Repair and maintenance, GC equipment..525
Repair and maintenance, LC equipment ..525

Reversed-phase.........ccccvviiviiiieicciinnns 517
Reversed-phase..........cccccocciiviiciicicnne 518
Reversed-phase..........cccovvevienenenicnicnnns 518
Reversed-phase.........ccccvviiviiiieicciinnns 518

Rigid size-exclusion...........ccccocvciiiiicnns 518
Robotic equipment ..........cccccoviiiiiiniininns 526
Robotics system control ...........cccceevenene 524
RTDS/aCCeSSOMES ... 527

Safety equipment/signage...........cccceoveeeae
Sample injectors, motorized..
Sample SPItters.......ccovvverercerieeiereeieienns
Sample-collection devices

for air monitoring ...........ccccceeeciiiiicccne
Sample-injection systems .............cccceeeee
Sample-injection valves ..........cccccoeeeeeenen.
Sample-storage equipment.............ccccece.
Scraping deVIiCES ......cvvvververerieieieeeeeenns

SFC method development ....
SFC-MS (complete systems)
Shakers/Stirrers ........cccevveneieeiceiceene
Shelving/storage

Simulated moving bed...........c.ccccceiiiine
Single sample systems ..........ccccceveeinieeane
Size eXCIUSION ......ccveiiieieiieeeeeeeee
Size-eXClUSION .....oovvvveieiricieeeeeeece
Solid-phase extraction columns, disks,

and packings ........cccceeriiiiniciicieee 526
Solvent reservoirs and accessories .......... 520
SOIVENES ...t 524
SOrDENES ... 523
Sorbents for sample preparation..
Sorbents, dry-column .........ccoceeievininnenns 517
Specialty (chiral, liquid-crystal, etc.).......... 523
Spectrochemical............cccccoiiiiiiiiiciee
Spraying equipment ..........cccoeceeeeriainieens
Stability testing ........ccovvvveveiiiiee
Stainless steel in-line.........ccccoveevicencnnnne
Stationary phases..........ccocceevveerrcenceeene
Stationary phases, adsorbents..................
Statistical analysis...........c.ccocceviciiiiicine
Sulfur-selective........coooveveiiiieiciiiiens
Supports, diatomaceous-earth.
Supports, Other.......cccvevevereeieeieseees
SYMNGE .
SYMNGE .
SYMNGES ..o
SYFNGES ittt
SYMNGES ..ttt
Systems, automated ..........cooeeveriiiiienns

Temperature controllers ..........c.cccoceeveens 520
Temperature controllers/programmers......522
Temperature/ pressure controllers............ 527
Thermal conductivity ..........ccceeeveiinienne
Thermal-desorption devices............cccceeu.e.
Thermionic (N-P selective)..........cccccvveenen
Thermionic lonization ..........c.ccocevienieens
Thermocouplers/accessories
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Thermometers.........ccooevereeicneeecieene 527
Thin-layer chromatography .............cccc..... 525
Titanium or nonmetallic ............cccoeecveerenene 520
Training programs for data systems.......... 525
Training programs for GC .........ccccceeenene.

Training programs for LC ..
Training programs for SEC
Training programs for SPE
Tricyclic antidepressants...
Tube conNNeCtors.........ccoovvvecvereeeeieeciene

Ultrabond ClOSUreS .........coccvevieieiiiiiinans 526
Ultrafiltration equipment ...........ccccooviinnns 527
Ultrahigh-pressure LC (UHPLC) ............... 518
Ultrahigh-pressure LC (UHPLC) ............... 518
Ultrahigh-pressure LC (UHPLC) ............... 521
UV lamps for TLC......ccocoiiiiiiicice 523
UV-vis, fixed-wavelength...........ccccceeeeene 523
UV-vis, fixed-wavelength or filter. ....519
UV-vis, photodiode-array ...........cccoovrvuenne 519
UV-vis, photodiode-array .........c.cccocvreueene 523
UV-vis, scanning ............ ...520
UV-vis, spectrophotometers...................... 527
UV-vis, variable-wavelength..................... 520
UV-vis, variable-wavelength..................... 523

ValVES ..ot
Valves, manual...........ccceeeveeiiiiieiiiieeenns
Valves, motorized.........ccccceeeeevcvvieeeeeeennns
Valves, proportional...........ccccevvveiieeneenee.
Vial racks......oooeereeiieieeseesee e
Vials and accessories
Viewing cabinets ...
ViSCOMELEIS...c.ueeiuiecieeiiecee e
Visualization devices..........ccccevveeieeneennen.
Visualization reagents

Water analysSis.........ccvveereerieniieiiicnee, 525
Water purification systems........................ 527
Water, high-purity ... 523

Workbenches

Zero-air generators.........coeeeveeereeieencnienns 522
Zone collectors..........ocvvieiiieeiiiicicceiee 523
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COLUMN ACCESSORIE

BLANKS, FLASH

SILEX Chromatography

VICI Valco Instruments Co. Inc.
713-688-9345
BLANKS, HPLC ANALYTICAL

HILICON AB
SILEX Chromatography
Teknokroma Analitica S.A.

BLANKS, HPLC PREPARATIVE
Teknokroma Analitica S.A.

BLANKS, MICROBORE
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GUARD COLUMNS
Emerald Scientific
Hamilton Company

800-648-5950
Phenomenex, Inc.
SiliCycle Inc.

Tosoh Bioscience GmbH

+49 6155-7043700

COLUMN PACKINGS
AFFINITY

Tosoh Bioscience GmbH
+49 6155-7043700
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SiliCycle Inc.

Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Welch Materials, Inc.
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COATINGS FOR LC PACKING

O 0
5 o =
® Q -
0
< oL
[0} ?g
@ 5S>
o 5
Q@ o
Q o
5 o
® ‘%8
)
— 3
> O
o T
(V]

Fortis Technologies Ltd
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Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Welch Materials, Inc.
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FLASH

Sorbent Technologies, Inc.
GEL PERMEATION
(SIZE-EXCLUSION)

Tosoh Bioscience GmbH
+49 6155-7043700

HYDROXYAPATITE

Tosoh Bioscience GmbH
+49 6155-7043700

ION-EXCHANGE RESINS

Hamilton Company
800-648-5950
SiliCycle Inc.

NORMAL-PHASE

Dr. Maisch HPLC GmbH
Fortis Technologies Ltd
Regis Technologies, Inc.
SiliCycle Inc.

Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Welch Materials, Inc.

OTHER COLUMN PACKINGS

Hamilton Company
800-648-5950

Porvair Sciences

+44 (0)1978 661144

E-mail: int.sales@
porvairsciences.com

www.microplates.com

SiliCycle Inc.

POLYMERIC, HPLC

Hamilton Company
800-648-5950
Polymer Char

Porvair Sciences

+44 (0)1978 661144

E-mail: int.sales@
porvairsciences.com

www.microplates.com

Welch Materials, Inc.

POLYMERIC, LOW-PRESSURE

Hamilton Company
800-648-5950
Sorbent Technologies, Inc.

PROCESS

Hamilton Company
800-648-5950

SiliCycle Inc.

Sorbent Technologies, Inc.

Tosoh Bioscience GmbH
+49 6155-7043700

REVERSED-PHASE

Advanced Materials Technology

Dr. Maisch HPLC GmbH

Fortis Technologies Ltd

Hamilton Company
800-648-5950

Porvair Sciences

+44 (0)1978 661144

E-mail: int.sales@
porvairsciences.com

www.microplates.com

SiliCycle Inc.
Sorbent Technologies, Inc.
Teknokroma Analitica S.A.

SILICA

Advanced Materials Technology
Dr. Maisch HPLC GmbH

Porvair Sciences

+44 (0)1978 661144

E-mail: int.sales@
porvairsciences.com

www.microplates.com
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SiliCycle Inc.
Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Tosoh Bioscience GmbH
+49 6155-7043700
SORBEN

SiliCycle Inc.

COLUMNS, CAPILLAR
(<1 MM 1.D.)

CUSTOM

RY-COLUMN

Advanced Materials Technology
Axcend
YMC Europe

+49 20644270

MONOLITHIC

GL Sciences BV

NORMAL-PHASE

GL Sciences BV
Ladybug Scientific LLC
Teknokroma Analitica S.A.
YMC Europe

+49 20644270

OTHER COLUMNS,
CAPILLARY (<1 MM 1.D.)
Axcend
PolyLC Inc.
YMC Europe
+49 20644270

REVERSED-PHASE

GL Sciences BV
Ladybug Scientific LLC
Phenomenex, Inc.
Shimadzu Scientific Instruments
(800) 477-1227
SILEX Chromatography
Teknokroma Analitica S.A.
YMC Europe
+49 20644270

COLUMNS, HPLC

(2.1-10 MM L.D.)

AFFINITY

Regis Technologies, Inc.
Tosoh Bioscience GmbH
+49 6155-7043700

CARTRIDGE

Hamilton Company
800-648-5950

Regis Technologies, Inc.

SiliCycle Inc.

Welch Materials, Inc.

CHIRAL

Regis Technologies, Inc.
Welch Materials, Inc.
YMC Europe

+49 20644270

CUSTOM

Fortis Technologies Ltd
Hamilton Company
800-648-5950
Ladybug Scientific LLC
Welch Materials, Inc.

GEL PERMEATION
(SIZE-EXCLUSION)

Phenomenex, Inc.
Postnova Analytics

+49 81919856880
Tosoh Bioscience GmbH

+49 6155-7043700
Waters Corporation
YMC Europe

+49 20644270

HYDROPHILIC INTERACTION

Develosil
HILICON AB
PerkinElmer Chromatography
Solutions
Phenomenex, Inc.
PolyLC Inc.
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation
YMC Europe
+49 20644270

HYDROPHOBIC INTERACTION

Develosil
PerkinElmer Chromatography
Solutions

PolyLC Inc.

Tosoh Bioscience GmbH
+49 6155-7043700

Waters Corporation

YMC Europe
+49 20644270

ION CHROMATOGRAPHY

Hamilton Company
800-648-5950

ION-EXCHANGE

Hamilton Company
800-648-5950
Phenomenex, Inc.
PolyLC Inc.
SiliCycle Inc.
Tosoh Bioscience GmbH
+49 6155-7043700
Welch Materials, Inc.
YMC Europe
+49 20644270

ION-EXCLUSION

Hamilton Company
800-648-5950

MONOLITHIC

GL Sciences BV
Develosil
GL Sciences BV
HILICON AB
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
Phenomenex, Inc.
Regis Technologies, Inc.
SiliCycle Inc.
Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation
Welch Materials, Inc.
YMC Europe
+49 20644270

OTHER COLUMNS,
HPLC (2.1-10 MM I.D.)

Advanced Materials Technology

HHamilton Company
800-648-5950

Regis Technologies, Inc.

SiliCycle Inc.

POLYMERIC

Hamilton Company
800-648-5950

HILICON AB

KNAUER Wissenschaftliche Gerate
GmbH

Polymer Char

Sorbent Technologies, Inc.

Waters Corporation

REVERSED-PHASE

Develosil
Fortis Technologies Ltd
GL Sciences BV


http://www.microplates.com
http://www.microplates.com
http://www.microplates.com
http://www.microplates.com
https://www.chromatographyonline.com/
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Hamilton Company
800-648-5950 :
HPLC Direct Ltd
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
Phenomenex, Inc.
Regis Technologies, Inc.
SiliCycle Inc.
Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation
Welch Materials, Inc.
YMC Europe
+49 20644270

ULTRAHIGH-PRESSURE
LC (UHPLC)

Develosil

Fortis Technologies Ltd

HILICON AB

PerkinElmer Chromatography

Solutions

Phenomenex, Inc.

Princeton Chromatography Inc.
609-860-1803

Regis Technologies, Inc.

Shimadzu Scientific Instruments
(800) 477-1227

Sorbent Technologies, Inc.

Tosoh Bioscience GmbH
+49 6155-7043700

Waters Corporation

Welch Materials, Inc.

COLUMNS, HPLC

(>10 MM 1.D.)

KNAUER Wissenschaftliche Gerate
GmbH
Tosoh Bioscience GmbH
+49 6155-7043700
Welch Materials, Inc.

CARTRIDGE

Axcend
SiliCycle Inc.

CHIRAL

Regis Technologies, Inc.
Welch Materials, Inc.
YMC Europe

+49 20644270

CUSTOM

Hamilton Company :
800-648-5950 :

GEL PERMEATION
(SIZE-EXCLUSION) :
KNAUER Wissenschaftliche Geréte :
GmbH
PolyLC Inc.
Postnova Analytics
+49 81919856880
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation
Welch Materials, Inc.
YMC Europe
+49 20644270

HILICON AB
PerkinElmer Chromatography
Solutions

PolyLC Inc.

Tosoh Bioscience GmbH
+49 6155-7043700

Welch Materials, Inc.

YMC Europe
+49 20644270

DECEMBER 2023

HYDROPHOBIC INTERACTION

PolyLC Inc.
Tosoh Bioscience GmbH
+49 6155-7043700
Welch Materials, Inc.
YMC Europe
+49 20644270

ION CHROMATOGRAPHY

Hamilton Company
800-648-5950
SiliCycle Inc.

ION-EXCHANGE

Hamilton Company
800-648-5950

KNAUER Wissenschaftliche Gerate

GmbH

SiliCycle Inc.

Tosoh Bioscience GmbH
+49 6155-7043700

YMC Europe
+49 20644270

ION-EXCLUSION

Hamilton Company
800-648-5950

NORMAL-PHASE

GL Sciences BV
HILICON AB
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
SiliCycle Inc.
Teknokroma Analitica S.A.
Tosoh Bioscience GmbH
+49 6155-7043700
Welch Materials, Inc.
YMC Europe
+49 20644270

OTHER COLUMNS,
HPLC (>10 MM I.D.)

Hamilton Company
800-648-5950

Regis Technologies, Inc.

YMC Europe
+49 20644270

POLYMERIC

Hamilton Company
800-648-5950
HILICON AB
KNAUER Wissenschaftliche Gerate
GmbH
Polymer Char
Waters Corporation

REVERSED-PHASE

GL Sciences BV
Hamilton Company
800-648-5950
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
Phenomenex, Inc.
Regis Technologies, Inc.
SiliCycle Inc.
Sorbent Technologies, Inc.
Teknokroma Analitica S.A.
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation
Welch Materials, Inc.
YMC Europe
+49 20644270

COLUMNS,

LOW PRESSURE

Hamilton Company
800-648-5950

SiliCycle Inc.

Sorbent Technologies, Inc.

B FLASH
. Phenomenex, Inc.

SiliCycle Inc.

Sorbent Technologies, Inc.

Welch Materials, Inc.

GEL PERMEATION
(SIZE-EXCLUSION)

Waters Corporation

ION-EXCHANGE

Hamilton Company
800-648-5950
SiliCycle Inc.
Welch Materials, Inc.
YMC Europe
+49 20644270

ION-EXCLUSION

Hamilton Company
800-648-5950

NORMAL-PHASE

SiliCycle Inc.
Sorbent Technologies, Inc.
Welch Materials, Inc.
YMC Europe

+49 20644270

OTHER COLUMNS,
LOW-PRESSURE
Hamilton Company
800-648-5950
SiliCycle Inc.

REVERSED-PHASE

Hamilton Company
800-648-5950
SiliCycle Inc.
Sorbent Technologies, Inc.
Waters Corporation
YMC Europe
+49 20644270

RIGID SIZE-EXCLUSION

Waters Corporation

COLUMNS, MICROBORE

(1-2 MM L.D.)

CAPILLARY

Greyhound Chromatography and
Allied Chemicals Ltd
LC Services Ltd

CUSTOM

Hamilton Company

GEL PERMEATION
(SIZE-EXCLUSION)
Tosoh Bioscience GmbH
+49 6155-7043700
Waters Corporation

YMC Europe
+49 20644270

ION-EXCHANGE

Hamilton Company
PolyLC Inc.
YMC Europe

+49 20644270

ION-EXCLUSION

Hamilton Company
800-648-5950

NORMAL-PHASE

Develosil
HILICON AB
Teknokroma Analitica S.A.
YMC Europe
+49 20644270

OTHER COLUMNS,
MICROBORE (1-2 MM 1.D.)

Hamilton Company
HILICON AB

WWW.CHROMATOGRAPHYONLINE.COM

REVERSED-PHASE

Develosil
Hamilton Company
800-648-5950
Phenomenex, Inc.
Regis Technologies, Inc.
Teknokroma Analitica S.A.
YMC Europe
+49 20644270

ULTRAHIGH-PRESSURE LC
(UHPLC)
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YMC Europe
+49 20644270

COLUMNS, SPECIALTY
AMINO ACIDS
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HILICON AB

Regis Technologies, Inc.
Teknokroma Analitica S.A.
Welch Materials, Inc.

BASIC COMPOUNDS

YMC Europe
+49 20644270

BIOPOLYMERS
Develosil
Hamilton Company
800-648-5950
PSS GmbH - Perfect Separation
Solutions

CARBOHYDRATES

Hamilton Company
800-648-5950
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MONOCLONAL ANTIBODIES

Develosil

Hamilton Company
800-648-5950

Novilytic

PSS GmbH - Perfect Separation

Solutions

Tosoh Bioscience GmbH
+49 6155-7043700

YMC Europe
+49 20644270

NUCLEOSIDES
AND NUCLEOTIDES
Develosil

Hamilton Company
800-648-5950

YMC Europe
+49 20644270

ORGANIC ACIDS
Develosil
Hamilton Company
800-648-5950
HILICON AB
Welch Materials, Inc.

OTHER COLUMNS, SPECIAL
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800-648-5950
Regis Technologies, Inc.

PEPTIDES

Develosil

Hamilton Company
800-648-5950

HILICON AB

Phenomenex, Inc.

SiliCycle Inc.


https://www.chromatographyonline.com/
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Teknokroma Analitica S.A.
Welch Materials, Inc.

POLYNUCLEAR AROMATIC
HYDROCARBONS
Hamilton Company

800-648-5950
Teknokroma Analitica S.A.

POLYSACCHARIDES

Develosil

Hamilton Company
800-648-5950

HILICON AB

PSS GmbH - Perfect Separation

Solutions

YMC Europe

+49 20644270

PROTEINS

Develosil
Hamilton Company
800-648-5950
Phenomenex, Inc.
SiliCycle Inc.
Teknokroma Analitica S.A.
YMC Europe
+49 20644270

TRICYCLIC ANTIDEPRESSANTS|

Develosil
Teknokroma Analitica S.A.

DETECTOR
ACCESSORIES

FLOW CELLS

ECOM spol. s r.o.
+42 0221511310

LC Services Ltd

Waters Corporation

LAMPS

HPLC Direct Ltd
LC Services Ltd

OTHER ACCESSORIES

LC Services Ltd

DETECTORS

KNAUER Wissenschaftliche Geréate
GmbH
Verulam Scientific Ltd

CHARGED AEROSOL

Karin_Aspen

CHIRAL

KNAUER Wissenschaftliche Geréate
GmbH
PDR-Separations

CONDUCTIVITY

Karin_Aspen

KNAUER Wissenschaftliche Gerate
GmbH

Verulam Scientific Ltd

ELECTROCHEMICAL

KNAUER Wissenschaftliche Gerate
GmbH

Verulam Scientific Ltd

Wyatt Technology

EVAPORATIVE, LC
(LIGHT-SCATTERING)
KNAUER Wissenschaftliche Geréte
GmbH

Postnova Analytics

Shimadzu Scientific Instruments

(800) 477-1227
Verulam Scientific Ltd

LC|GCs GHROMacademy

powered by @ element
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Waters Corporation
Welch Materials, Inc.

FLAME IONIZATION

PerkinElmer Chromatography
Solutions

FLUORESCENCE

Karin_Aspen
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
Postnova Analytics
+49 81919856880
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd

INFRARED

PerkinElmer Chromatography
Solutions
Polymer Char

LIGHT-SCATTERING

KNAUER Wissenschaftliche Gerate
GmbH
Postnova Analytics
+49 81919856880
PSS GmbH - Perfect Separation
Solutions
Tosoh Bioscience GmbH
+49 6155-7043700
Verulam Scientific Ltd
Waters Corporation
Wyatt Technology

MASS SPECTROMETRIC

KCA Laboratories

KNAUER Wissenschaftliche Gerate
GmbH

McKinley Scientific

We have 1000’s of eLearning topics

CHROMacademy is the world’s largest eLearning website
for analytical scientists, containing 1000’s of interactive

learning topics.

Lite members have access to less than 5% of our content.

Premier members get so much more!

PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
Waters Corporation

PH-METERING

Verulam Scientific Ltd

RADIOACTIVITY

KNAUER Wissenschaftliche Geréte
GmbH
Verulam Scientific Ltd

REFRACTIVE INDEX

ECOM spol. s r.o.
+42 0221511310
KNAUER Wissenschaftliche Gerate
GmbH
PerkinElmer Chromatography
Solutions
Postnova Analytics
+49 81919856880
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd
Waters Corporation
Wyatt Technology

UV-VIS, FIXED-WAVELENGTH
OR FILTER

D-Star Instruments, Inc.

ECOM spol. s r.o.
+42 0221511310

LC Services Ltd

Postnova Analytics
+49 81919856880

Shimadzu Scientific Instruments
(800) 477-1227

Verulam Scientific Ltd

To find out more about CHROMacademy Premier membership, contact:

Vito Laudati: (609) 819-5794 | vlaudati@mijhlifesciences.com

www.chromacademy.com


http://www.chromacademy.com
mailto:vlaudati@mjhlifesciences.com
https://www.chromatographyonline.com/
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UV-VIS, PHOTODIODE-ARRAY

ECOM spol. s r.o.
+42 0221511310
KNAUER Wissenschaftliche Geréte
GmbH
PerkinElmer Chromatography
Solutions
Postnova Analytics
+49 81919856880
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd
Waters Corporation

UV-VIS, SCANNING

ECOM spol. s r.o.
+42 0221511310
KNAUER Wissenschaftliche Gerate
GmbH
Postnova Analytics
+49 81919856880
Verulam Scientific Ltd

UV-VIS, VARIABLE-
WAVELENGTH

D-Star Instruments, Inc.
ECOM spol. s r.o.

+42 0221511310

KNAUER Wissenschaftliche Geréte
GmbH

PerkinElmer Chromatography
Solutions

PerkinElmer Chromatography
Solutions

Verulam Scientific Ltd

Welch Materials, Inc.

HPLC

Advanced Materials Technology
Axcend
Berthold Technologies GmbH &
Co.KG
Conquer Scientific LLC
D-Star Instruments, Inc.
Dr. Maisch HPLC GmbH
ECOM spol. s r.o.
+42 0221511310
GL Sciences BV
KCA Laboratories
KNAUER Wissenschaftliche Gerate
GmbH
Ladybug Scientific LLC
PDR-Separations
PerkinElmer Chromatography
Solutions
Sciencix
(952) 895-8292
Shimadzu Scientific Instruments
(800) 477-1227
SunChrom GmbH
Waters Corporation

LC ACCESSORIES
AND SUPPLIES

COUNTERCURRENT
CHROMATOGRAPHY
ACCESSORIES

CC Biotech LLC
DWK Life Sciences GmbH

FITTINGS FOR
HIGH-PRESSURE LC
HILICON AB
Postnova Analytics
+49 81919856880

VICI Valco Instruments Co. Inc.
713-688-9345.

FITTINGS FOR
LOW-PRESSURE LC
Postnova Analytics
+49 81919856880

VICI Valco Instruments Co. Inc.
713-688-9345
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Bl ACCESSORIES

DWK Life Sciences GmbH

FRITS

DWK Life Sciences GmbH
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

MIXING TEES
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

SOLVENT RESERVOIRS AND
ACCESSORIES
DWK Life Sciences GmbH

SYRINGES

Greyhound Chromatography and
Allied Chemicals Ltd
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

TUBE CONNECTORS

HILICON AB

Postnova Analytics
+49 81919856880

VICI Valco Instruments Co. Inc.
713-688-9345

TUBING

Greyhound Chromatography and
Allied Chemicals Ltd
HILICON AB
Postnova Analytics
+49 81919856880

PUMPS AND

ACCESSORIES

DEBUBBLERS

PerkinElmer Chromatography
Solutions

GRADIENT

ECOM spol. s r.o.
+42 0221511310
PerkinElmer Chromatography
Solutions
Verulam Scientific Ltd

ISOCRATIC

ECOM spol. s r.o.

+42 0221511310
Eldex Corporation
PerkinElmer Chromatography

Solutions

Postnova Analytics

+49 81919856880
Verulam Scientific Ltd

LOW-FLOW-RATE

ECOM spol. s r.o.

+42 0221511310
Eldex Corporation
GL Sciences BV

METERING

Eldex Corporation

OTHER PUMPS
AND ACCESSORIES
GenTech Scientific LLC

VICI Valco Instruments Co. Inc.
713-688-9345

PERISTALTIC

Postnova Analytics
+49 81919856880

PISTON

Eldex Corporation

PerkinElmer Chromatography
Solutions
Postnova Analytics
+49 81919856880 :
Verulam Scientific Ltd .

PULSE-DAMPENING DEVICES

Eldex Corporation

PerkinElmer Chromatography

Solutions :
Verulam Scientific Ltd :

PUMP SEALS AND :
SPARE PARTS :

Bal Seal Engineering
Eldex Corporation
HPLC Direct Ltd
PerkinElmer Chromatography
Solutions
Postnova Analytics
+49 81919856880
Quantum Analytics
Verulam Scientific Ltd

SYRINGE :
PerkinElmer Chromatography :
Solutions
Postnova Analytics
+49 81919856880

TITANIUM OR NONMETALLIC

PerkinElmer Chromatography
Solutions :
Verulam Scientific Ltd :

SYSTEM COMPONENTS[E

AUTOSAMPLERS

Axcend

GenTech Scientific LLC

KNAUER Wissenschaftliche Gerate

GmbH

LC Services Ltd

Postnova Analytics
+49 81919856880

Quantum Analytics

Shimadzu Scientific Instruments
(800) 477-1227

Verulam Scientific Ltd

COLUMN SELECTION AND
SWITCHING SYSTEMS

KNAUER Wissenschaftliche Geréte
GmbH
PDR-Separations
Verulam Scientific Ltd
VICI Valco Instruments Co. Inc.
713-688-9345

DEGASSING EQUIPMENT
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+42 0221511310
KNAUER Wissenschaftliche Gerate
GmbH
Postnova Analytics
+49 81919856880
Verulam Scientific Ltd

FLOW CONTROLS AND FLOW
PROGRAMMERS

Hoffer Flow Controls Inc.
VICI Valco Instruments Co. Inc.
713-688-9345
FLOWMETERS, LIQUID
Hoffer Flow Controls Inc.

FRACTION COLLECTORS,
AUTOMATED

m
(o)
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o

+42 0221511310
Gilson, Inc.

WWW.CHROMATOGRAPHYONLINE.COM

KNAUER Wissenschaftliche Gerate
GmbH
PDR-Separations
Postnova Analytics
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd

FRACTION COLLECTORS,
DROP COUNTERS FOR

Postnova Analytics
+49 81919856880

FRACTION COLLECTORS,
REFRIGERATED

Postnova Analytics
+49 81919856880

Verulam Scientific Ltd

GRADIENT MIXERS

PDR-Separations

GRADIENT PROGRAMMERS

PDR-Separations

INTERFACES, LC-MS

Waters Corporation

LEAK DETECTORS, SOLVENT

Verulam Scientific Ltd

NITROGEN GENERATORS, LC-MS

GenTech Scientific LLC
McKinley Scientific

PRESSURE MONITORS

Eldex Corporation

PRESSURE REGULATORS

VICI Valco Instruments Co. Inc.
713-688-9345

RECONDITIONED EQUIPMENT

Jaytee Biosciences Ltd
Quantum Analytics

SAMPLE INJECTORS, MANUAL

KNAUER Wissenschaftliche Gerate
GmbH
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

SAMPLE INJECTORS,
MOTORIZED
KNAUER Wissenschaftliche Gerate
GmbH
PDR-Separations
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

TEMPERATURE CONTROLLERS

VICI Valco Instruments Co. Inc.
713-688-9345

VALVES, MANUAL

ECOM spol. s r.o.
+42 0221511310

KNAUER Wissenschaftliche Geréte

GmbH

Postnova Analytics
+49 81919856880

VICI Valco Instruments Co. Inc.
713-688-9345

VALVES, MOTORIZED

KNAUER Wissenschaftliche Gerate
GmbH
Postnova Analytics
+49 81919856880
VICI Valco Instruments Co. Inc.
713-688-9345

VALVES, PROPORTIONAL

Postnova Analytics
+49 81919856880


mailto:info@cdsanalytical.com
http://www.cdsanalytical.com
https://www.chromatographyonline.com/
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SYSTEMS

908 Devices
PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227 :
Verulam Scientific Ltd :

COUNTERCURRENT 5

AECS-QuikPrep Ltd
CC Biotech LLC :
PDR-Separations :

FLASH CHROMATOGRAPHY

Advion Interchim Scientific
ECOM spol. s r.o.

+42 0221511310 :
Verulam Scientific Ltd :

:
D-Star Instruments, Inc.
ECOM spol. sr.o. :
+42 0221511310
GIBNIK Analytical Solutions SL
KNAUER Wissenschaftliche Geréte
GmbH
PDR-Separations
PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd
Waters Corporation

HIGH-PRESSURE

(CLOSED-COLUMN)
Axcend
ECOM spol. sr.o.

+42 0221511310

KNAUER Wissenschaftliche Gerate

GmbH
PDR-Separations
PolyLC Inc.
Verulam Scientific Ltd
Welch Materials, Inc.

HIGH-TEMPERATURE

ECOM spol. sr.o.
+42 0221511310

LNEYA

Shimadzu Scientific Instruments
(800) 477-1227

Tosoh Bioscience GmbH
+49 6155-7043700

GIBNIK Analytical Solutions SL
KNAUER Wissenschaftliche Gerate
GmbH
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd

ISOCRATIC

D-Star Instruments, Inc.

ECOM spol. s r.o.
+42 0221511310

GenTech Scientific LLC

KNAUER Wissenschaftliche Geréte

GmbH

PDR-Separations

Shimadzu Scientific Instruments
(800) 477-1227

Verulam Scientific Ltd

LC-MS (COMPLETE SYSTEMS)

908 Devices

Advion Interchim Scientific

Axcend

Conquer Scientific LLC

GenTech Scientific LLC

GIBNIK Analytical Solutions SL

Gilson, Inc.

Jaytee Biosciences Ltd

KNAUER Wissenschaftliche Gerate
GmbH

McKinley Scientific

PerkinElmer Chromatography
Solutions

Polymer Char

Postnova Analytics

+49 81919856880

Quantum Analytics

Shimadzu Scientific Instruments
(800) 477-1227

Waters Corporation

GAS CHROMATOGRAPHY

Products and Services for Chromatography

COLUMN

ACCESSORIES

Welch Materials, Inc.

STATIONARY PHASES,
ADSORBENTS

Welch Materials, Inc.

SUPPORTS, DIATOMACEOUS-
EARTH

Porvair Sciences

SUPPORTS, OTHER

Porvair Sciences

COLUMNS

Frontier Laboratories Europe

InnovaQuartz

VICI Valco Instruments Co. Inc.
713-688-9345

CAPILLARY (OPEN-TUBULAR)

Ladybug Scientific LLC

PerkinElmer Chromatography
Solutions
VICI Valco Instruments Co. Inc.
713-688-9345

CAPILLARY, CHIRAL

VICI Valco Instruments Co. Inc.
713-688-9345

CAPILLARY,
ENVIRONMENTAL

GL Sciences BV

PerkinElmer Chromatography
Solutions

Phenomenex, Inc.

Sorbent Technologies-SorbTech

Teknokroma Analitica S.A.

VICI Valco Instruments Co. Inc.

713-688-9345

CAPILLARY,
HIGH-TEMPERATURE

Frontier Laboratories Europe
LECO Corporation
269-985-5768
PerkinElmer Chromatography
Solutions
Phenomenex, Inc.
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LOW-PRESSURE
(OPEN-COLUMN)

PerkinElmer Chromatography
Solutions

MICRO LC
Axcend
GenTech Scientific LLC
Shimadzu Scientific Instruments
(800) 477-1227
Verulam Scientific Ltd

MULTIDIMENSIONAL
SYSTEMS

GIBNIK ANALYTICAL SOLUTIONS
SL

PSS GmbH - Perfect Separation
Solutions

Shimadzu Scientific Instruments

(800) 477-1227
Waters Corporation

ON-LINE ANALYZERS
Postnova Analytics
+49 81919856880
Verulam Scientific Ltd

OTHER COMPLETE SYSTEMS

PolyLC Inc.

Polymer Char

Postnova Analytics
+49 81919856880

PARTITION
CHROMATOGRAPHY
EQUIPMENT

AECS-QuikPrep Ltd

GIBNIK ANALYTICAL SOLUTIONS
SL
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PREPARATIVE

AECS-QuikPrep Ltd
D-Star Instruments, Inc.
ECOM spol. s r.o.
+42 0221511310
GIBNIK Analytical Solutions SL
KNAUER Wissenschaftliche Gerate
GmbH
PDR-Separations

Teknokroma Analitica S.A.
VICI Valco Instruments Co. Inc.
713-688-9345

CUSTOM-MADE

Frontier Laboratories Europe

Gilson

Ladybug Scientific LLC

Phenomenex, Inc.

Teknokroma Analitica S.A.

VICI Valco Instruments Co. Inc.
713-688-9345

OTHER COLUMNS

VICI Valco Instruments Co. Inc.
713-688-9345

PACKED, ANALYTICAL

Biotage AB, Sweden

Gilson

PerkinElmer Chromatography
Solutions

Porvair Sciences

Sorbent Technologies-SorbTech

PACKED, CAPILLARY
(MICROPACKED)
PerkinElmer Chromatography
Solutions
Teknokroma Analitica S.A.
Welch Materials, Inc.

PACKED, PREPARATIVE

Biotage AB, Sweden

Shimadzu Scientific Instruments
(800) 477-1227

Tosoh Bioscience GmbH
+49 6155-7043700

Verulam Scientific Ltd

Welch Materials, Inc.

PROCESS

AECS-QuikPrep Ltd
ECOM spol. s r.o.
+42 0221511310
Tosoh Bioscience GmbH
+49 6155-7043700

SIMULATED MOVING BED

AECS-QuikPrep Ltd

KNAUER Wissenschaftliche Geréte
GmbH

Verulam Scientific Ltd

SIZE-EXCLUSION

KNAUER Wissenschaftliche Geréte
GmbH
Polymer Char
Postnova Analytics
+49 81919856880
PSS GmbH - Perfect Separation
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
Tosoh Bioscience GmbH
+49 6155-7043700
Verulam Scientific Ltd
Waters Corporation
Wyatt Technology

ULTRAHIGH-PRESSURE LC
(UHPLC)

Advion Interchim Scientific

Axcend

GenTech Scientific LLC

GIBNIK Analytical Solutions SL
Jaytee Biosciences Ltd
KNAUER Wissenschaftliche Geréte
GmbH

PerkinElmer Chromatography
Solutions

Shimadzu Scientific Instruments

(800) 477-1227

Verulam Scientific Ltd

Waters Corporation

Wyatt Technology

Gilson

DETECTORS, DETECTOR

ACCESSORIES

Gilson

ELECTRON-CAPTURE

PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
VICI Valco Instruments Co. Inc.
713-688-9345

FLAME IONIZATION

PerkinElmer Chromatography
Solutions

Shimadzu Scientific Instruments
(800) 477-1227

VICI Valco Instruments Co. Inc.
713-688-9345

FLAME PHOTOMETRIC

PerkinElmer Chromatography
Shimadzu Scientific Instruments
(800) 477-1227

FLUORESCENCE
(MERCURY SPECIFIC)

PerkinElmer Chromatography
Solutions
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HELIUM IONIZATION

VICI Valco Instruments Co. Inc.
713-688-9345

ION MOBILITY SPECTROMETERS

Gilson

IR (FTIR) SPECTROMETERS
PerkinElmer Chromatography
Solutions

MASS SPECTROMETERS,
HIGH-RESOLUTION
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Gilson

LECO Corporation
269-985-5768

Markes International GmbH

Markes International Inc.

SepSolve Analytical Ltd

Shimadzu Scientific Instruments
(800) 477-1227

269-985-5768
PerkinElmer Chromatography
Solutions
Syft Technologies

MASS SPECTROMETERS,

RESIDUAL GAS ANALYSIS,
MAGNETIC
Gilson
Syft Technologies

MASS SPECTROMETERS,
RESIDUAL GAS ANALYSIS,
QUADRUPOLE

Solutions
Syft Technologies

NITROGEN-SELECTIVE

DETector Engineering & Technology
PerkinElmer Chromatography
Solutions

OTHER DETECTORS,
DETECTOR ACCESSORIES

DETector Engineering & Technology

Gilson

Syft Technologies
PHOTOIONIZATION

PerkinElmer Chromatography
Solutions

VICI Valco Instruments Co. Inc.
713-688-9345

SULFUR-SELECTIVE
PerkinElmer Chromatography

Solutions

THERMAL CONDUCTIVITY

PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
VICI Valco Instruments Co. Inc.
713-688-9345

THERMIONIC (N-P SELECTIVE
DETector Engineering & Technology
GC SUPPLIES

CARRIER GASES
Air Products PLC
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269-985-5768
VICI Valco Instruments Co. Inc.
713-688-9345

FERRULES
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Frontier Laboratories Europe

Phenomenex, Inc.

Teknokroma Analitica S.A.

VICI Valco Instruments Co. Inc.
713-688-9345

FITTINGS
InnovaQuartz

VICI Valco Instruments Co. Inc.
713-688-9345

FLOWMETERS

Hoffer Flow Controls Inc.
Teknokroma Analitica S.A.

GAS PURIFIERS

VICI Valco Instruments Co. Inc.
713-688-9345

HYDROGEN GENERATORS

Jaytee Biosciences Ltd
LC Services Ltd
LECO Corporation
269-985-5768
Nitrogen & Hydrogen Generators -
Compressors
PEAK Scientific

INLET FILTERS

Phenomenex, Inc.
VICI Valco Instruments Co. Inc.
713-688-9345

INLET LINERS

InnovaQuartz
Phenomenex, Inc.
Teknokroma Analitica S.A.

LEAK DETECTORS
GL Sciences BV

NEEDLES FOR
SEPTUM PENETRATION
Frontier Laboratories Europe

Hamilton Company
800-648-5950

NITROGEN GENERATORS

Jaytee Biosciences Ltd
Nitrogen & Hydrogen Generators -
Compressors
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PUMPS

Gilson
LC Services Ltd

REGULATORS

VICI Valco Instruments Co. Inc.
713-688-9345

SEPTA

SYRINGES

VICI Valco Instruments Co. Inc.
713-688-9345

TUBING

Gilson

VALVES

VICI Valco Instruments Co. Inc.
713-688-9345

ZERO-AIR GENERATORS

Jaytee Biosciences Ltd
LC Services Ltd
PEAK Scientific

YSTEM COMPONENT
AUTOSAMPLERS

Frontier Laboratories Europe

Gilson

Greyhound Chromatography and

Allied Chemicals Ltd

LC Services Ltd

LECO Corporation
269-985-5768

COLUMN OVENS
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CRYOGENIC COOLING
ACCESSORIES

Frontier Laboratories Europe

FLOW CONTROLLERS
Frontier Laboratories Europe
Gilson
Hoffer Flow Controls Inc.

VICI Valco Instruments Co. Inc.
713-688-9345

FLOW PROGRAMMERS

Gilson

FRACTION COLLECTORS
AND ACCESSORIES

Gilson
Structurals

GAS-SAMPLING VALVES

Gilson
VICI Valco Instruments Co. Inc.
713-688-9345

HEADSPACE ANALYZERS

CDS Analy

Phone 1(800) 541-6593
E-mail info@cdsanalytical.com
www.cdsanalytical.com

LC Services Ltd
Markes International Ltd
SepSolve Analytical Ltd

INTERFACES, GC-MS

LECO Corporation
269-985-5768

PURGE-AND-TRAP DEVICES

CDS Analytical

Phone 1(800) 541-6593
E-mail info@cdsanalytical.com
www.cdsanalytical.com

PYROLYZERS

CDS Analytical

Phone 1(800) 541-6593
E-mail info@cdsanalytical.com
www.cdsanalytical.com

Frontier Laboratories Europe
GL Sciences BV
Pyromation, Inc.

RECONDITIONED EQUIPMENT

Jaytee Biosciences Ltd

SAMPLE-INJECTION SYSTEMS

908 Devices

Frontier Laboratories Europe

GL Sciences BV

LECO Corporation
269-985-5768

VICI Valco Instruments Co. Inc.
713-688-9345

TEMPERATURE
CONTROLLERS/PROGRAMMERS

VICI Valco Instruments Co. Inc.
713-688-9345

WWW.CHROMATOGRAPHYONLINE.COM

THERMAL-DESORPTION
DEVICES

CDS Analytical

Phone 1(800) 541-6593
E-mail info@cdsanalytical.com
www.cdsanalytical.com

See ads on pages xxx, XXx

Frontier Laboratories Europe

GL Sciences BV

LECO Corporation
269-985-5768

Markes International GmbH

Markes International Inc.

Markes International Ltd

SepSolve Analytical Ltd

SYSTEMS

ANALYTICAL
Conquer Scientific LLC
GenTech Scientific LLC
GIBNIK Analytical Solutions SL
Jaytee Biosciences Ltd
PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227
Syft Technologies
VICI Valco Instruments Co. Inc.
713-688-9345

GAS ANALYZERS

PerkinElmer Chromatography

Solutions

yft Technologies

VICI Valco Instruments Co. Inc.
713-688-9345

GC-FTIR (COMPLETE SYSTEMS)

PerkinElmer Chromatography
Solutions

GC-MS (COMPLETE SYSTEMS)

Conquer Scientific LLC
GenTech Scientific LLC
GIBNIK Analytical Solutions SL
Greyhound Chromatography and
Allied Chemicals Ltd
LECO Corporation
269-985-5768
PerkinElmer Chromatography
Solutions
Shimadzu Scientific Instruments
(800) 477-1227

MULTIDIMENSIONAL

GIBNIK Analytical Solutions SL

LECO Corporation
269-985-5768

SepSolve Analytical Ltd

Shimadzu Scientific Instruments
(800) 477-1227

ON-LINE ANALYZERS

Syft Technologies

OTHER SYSTEMS

Gilson
VICI Valco Instruments Co. Inc.
713-688-9345

PORTABLE

Kindwell Inc.

PerkinElmer Chromatography
Solutions

Syft Technologies

PREPARATIVE

Biotage AB, Sweden
Gilson

PROCESS

Syft Technologies

VICI Valco Instruments Co. Inc.
713-688-9345

Quantum Analytics
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SUPERCRITICAL FLUID
CHROMATOGRAPHY

Products and Services for Chromatography

CAPILLARY (OPEN-TUBULAR)

Gilson

CUSTOM-MADE
Dr. Maisch HPLC GmbH

Gilson
HILICON AB

PACKED

Gilson
HILICON AB
Regis Technologies, Inc.
SiliCycle Inc.
YMC Europe
+49 20644270

SPECIALTY (CHIRAL,
LIQUID-CRYSTAL, ETC.)
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Regis Technologies, Inc.

YMC Europe
+49 20644270

FLAME IONIZATION

GenTech Scientific LLC

FLOW CELLS FOR UV-VIS
DETECTORS
ECOM spol. s r.o.

+42 0221511310
Gilson

MASS SPECTROMETER

GenTech Scientific LLC
Gilson
Waters Corporation

THERMIONIC IONIZATION

DETector Engineering & Technology

THIN LAYER CHROMATOGRAPHY

Products and Services for Chromatography

EQUIPMENT, SUPPLIES|

APPLICATORS
Miles Scientific

COATING EQUIPMENT

Miles Scientific

COATINGS

Miles Scientific
SiliCycle Inc.

DESICCATORS

DWK Life Sciences GmbH
Miles Scientific

DEVELOPING CHAMBERS

DWK Life Sciences GmbH
Miles Scientific
SiliCycle Inc.

DIPPING CHAMBERS

DWK Life Sciences GmbH
Miles Scientific

DRYING RACKS

Miles Scientific

HPTLC ACCESSORIES

Miles Scientific

HPTLC EQUIPMENT

Miles Scientific
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UV-VIS, FIXED-WAVELENGTH

ECOM spol. s r.o.
+42 0221511310
Gilson

UV-VIS, PHOTODIODE-ARRAY

UV-VIS, VARIABLE-
WAVELENGTH

ECOM spol. s r.o.

+42 0221511310
GenTech Scientific LLC
Gilson

FERRULES

VICI Valco Instruments Co. Inc.
713-688-9345

FITTINGS

VICI Valco Instruments Co. Inc.

PUMPS

Gilson

SAMPLE SPLITTERS

FRITSCH GmbH  Milling and Sizing

PHOTOGRAPHY DEVICES
OR SYSTEMS

Miles Scientific

PLATES

Gilson

Miles Scientific

Porvair Sciences

SiliCycle Inc.

Sorbent Technologies, Inc.

PREPARATIVE EQUIPMENT
AND ACCESSORIES

Gilson
Miles Scientific
Porvair Sciences

SCRAPING DEVICES

Miles Scientific

SORBENTS

BRADY Europe, Middle East & Africa
Miles Scientific

ELECTROPHORESIS

Products and Services for Chromatography

COMPLETE SYSTEMS

908 Devices

ACCESSORY EQUIPMENT

Hamilton Company

800-648-5950

REAGENTS, SOLVENTS, STANDARDS

Products and Services for Chromatography

AMINO ACIDS

Verulam Scientific Ltd

ecle

ONLINE DIRECTORY

SCAN QR CODE TO VIEW

AMPHOLYTES

Acrolab

BIOCHEMICAL

Acrolab
Biovenic
Cayman Chemical Company

BIOLOGICAL-GRADE

Acrolab

SAMPLE-INJECTION VALVES

VICI Valco Instruments Co. Inc.
713-688-9345

STATIONARY PHASES

HILICON AB
CAPILLARY COLUMN
Gilson
Shimadzu Scientific Instruments

(800) 477-1227

OTHER SYSTEMS

Gilson

PACKED COLUMN

Gilson

PREPARATIVE

ECOM spol. s r.o.
+42 0221511310

Gilson

Shimadzu Scientific Instruments
(800) 477-1227

SFC-MS (COMPLETE
SYSTEMS)

Shimadzu Scientific Instruments
(800) 477-1227
Waters Corporation

SiliCycle Inc.
Sorbent Technologies, Inc.

SPRAYING EQUIPMENT

Miles Scientific

UV LAMPS FOR TLC

Miles Scientific

VIEWING CABINETS

Miles Scientific

VISUALIZATION DEVICES

Miles Scientific

ZONE COLLECTORS

Miles Scientific

BUFFERS

Acrolab
PreOmics GmbH

CHIRAL

Acrolab
Regis Technologies, Inc.

DERIVATIZING AGENTS

Acrolab
Regis Technologies, Inc.
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Verulam Scientific Ltd

D) =
Acrolab

ENZYMES

Acrolab
Cayman Chemical Company

GENERAL LABORATORY
CHEMICALS

Acrolab

Emerald Scientific

Greyhound Chromatography and
Allied Chemicals Ltd

HPLC Direct Ltd

ION CHROMATOGRAPHY
BUFFERS

Acrolab
Regis Technologies, Inc.

ION-PAIR REAGENTS
HPLC Direct Ltd
Regis Technologies, Inc.

PEPTIDE SYNTHESIS
REAGENTS
SiliCycle Inc.

PROTEINS

Acrolab
Cayman Chemical Company

SOLVENTS

Acrolab

Emerald Scientific

Greyhound Chromatography and
Allied Chemicals Ltd

Regis Technologies, Inc.

VISUALIZATION REAGENTS

Cayman Chemical Company

WATER, HIGH-PURITY

Acrolab
Emerald Scientific

STANDARDS

Acrolab

Cayman Chemical Company
Chiron AS

ChromaDex Reference Standards
and Services

LGC

Verulam Scientific Ltd

ENVIRONMENTAL

Acrolab

Cayman Chemical Company
Chiron AS

ChromaDex Reference Standards
and Services

Greyhound Chromatography and
Allied Chemicals Ltd

LGC

Phenomenex, Inc.

DATA HANDLING, CALIBRATION

Products and Services for Chromatography

HARDWARE

BARCODE SYSTEMS/

ANALYTICAL SYSTEMS AND
CONTROLLERS FOR GC

Servicios Integral en Cromatografia
- SISCHROM

ANALYTICAL SYSTEMS AND
CONTROLLERS FOR LC

ECOM spol. s r.o.
+42 0221511310
Verulam Scientific Ltd

Waters Corporation

AUTOMATED WORKSTATIONS,
IBM- COMPATIBLE

Biotage AB, Sweden

CALIBRATION SYSTEMS, LC

Waters Corporation

DATA ACQUISITION AND
DATA HANDLING

ACD/Labs (Advanced Chemistry
Development)

Solutions for LC/GC-MS data and
applications

Ultraview Corporation

Verulam Scientific Ltd

Waters Corporation

DATA CONVERTORS,
ANALOG-TO-DIGITAL

Verulam Scientific Ltd
Ultraview Corporation

INSTRUMENT-COMPUTER
INTERFACES
Verulam Scientific Ltd

PROCESS CONTROL

Hoffer Flow Controls Inc.

SOFTWARE

Autoscribe Informatics LIMS
BRADY Europe, Middle East & Africa

CALIBRATION

Infometrix, Inc.

Jaytee Biosciences Ltd

Solutions for LC/GC-MS data and
applications

Waters Corporation

CE PREDICTION AND
MODELING
S-Matrix Corporation

CHEMOMETRICS

Infometrix, Inc.

Markes International GmbH
Markes International Inc.
Solutions for LC/GC-MS data and
applications

Wiley Science Solutions

CUSTOM, FOR
CHROMATOGRAPHY

Infometrix, Inc.
LECO Corporation
269-985-5768
Solutions for LC/GC-MS data and
applications
Waters Corporation

DATA ACQUISITION

Autoscribe Informatics LIMS

BRADY Europe, Middle East & Africa
SepSolve Analytical Ltd

Solutions for LC/GC-MS data and
applications

Waters Corporation

ION CHROMATOGRAPHY

Acrolab

ChromaDex Reference Standards
and Services

LGC

Acrolab

Cayman Chemical Company
Chiron AS

ChromaDex Reference Standards
and Services

Emerald Scientific

Jaytee Biosciences Ltd

LGC

PEPTIDE-PROTEIN

Acrolab

ChromaDex Reference Standards
and Services

LGC

Acrolab

Cayman Chemical Company
Chiron AS

ChromaDex Reference Standards
and Services

Greyhound Chromatography and
Allied Chemicals Ltd

LGC

PHARMACEUTICAL
Acrolab
Cayman Chemical Company

DATA ANALYSIS AND
REPORTING

ACD/Labs (Advanced Chemistry
Development)

Autoscribe Informatics LIMS

CD ComputaBio

Infometrix, Inc.

Markes International GmbH
Markes International Inc.
Northwest Analytics Inc

S-Matrix Corporation

SepSolve Analytical Ltd

Shimadzu Scientific Instruments

(800) 477-1227

Solutions for LC/GC-MS data and
applications

Waters Corporation

Wiley Science Solutions

DATA CONVERTORS,
ANALOG-TO-DIGITAL

Ultraview Corporation

EXPERT SYSTEMS

Infometrix, Inc.

S-Matrix Corporation

SepSolve Analytical Ltd

Solutions for LC/GC-MS data and
applications

ACD/Labs (Advanced Chemistry
Development)

Jaytee Biosciences Ltd

LECO Corporation

269-985-5768

S-Matrix Corporation

Solutions for LC/GC-MS data and
applications

GRAPHICS OR MANUSCRIPT
PREPARATION

ACD/Labs (Advanced Chemistry
Development)

Solutions for LC/GC-MS data and
applications

INSTRUMENT CONTROL

ACD/Labs (Advanced Chemistry
Development)

WWW.CHROMATOGRAPHYONLINE.COM

Chiron AS

ChromaDex Reference Standards
and Services

Emerald Scientific

Greyhound Chromatography and
Allied Chemicals Ltd

IJEST

LGC

Roots Analysis

POLYMERS

Acrolab

ChromaDex Reference Standards
and Services

LGC

Polymer Char

Waters Corporation

Acrolab

Cayman Chemical Company
ChromaDex Reference Standards
and Services

LGC

RADIOCHEMICAL

ChromaDex Reference Standards
and Services
LGC

SPECTROCHEMICAL

ChromaDex Reference Standards
and Services
LGC

Hoffer Flow Controls Inc.

KNAUER Wissenschaftliche Gerate
GmbH

SepSolve Analytical Ltd

Waters Corporation

LABORATORY INFORMATION
MANAGEMENT SYSTEMS

ACD/Labs (Advanced Chemistry
Development)

Autoscribe Informatics LIMS

BRADY Europe, Middle East & Africa

Waters Corporation
Wiley Science Solutions

ACD/Labs (Advanced Chemistry
Development)

Jaytee Biosciences Ltd

S-Matrix Corporation

Solutions for LC/GC-MS data and
applications

Waters Corporation

PRINTERS

BRADY Europe, Middle East & Africa

ROBOTICS SYSTEM CONTROL|
Autoscribe Informatics LIMS

SFC METHOD DEVELOPMENT]
S-Matrix Corporation

SIZE EXCLUSION

PSS GmbH - Perfect Separation
Solutions

S-Matrix Corporation

Waters Corporation

STATISTICAL ANALYSIS

Infometrix, Inc.
LECO Corporation
269-985-5768

Markes International GmbH
Northwest Analytics Inc

S-Matrix Corporation

SepSolve Analytical Ltd

Solutions for LC/GC-MS data and
applications
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CHROMATOGRAPHY SERVICES

Products and Services for Chromatography

ANALYSES, ENVIRONMENTAL
GERSTEL

Cayman Chemical Company

Syft Technologies

Utility Testing Laboratory

ANALYSES, FORENSIC
Cayman Chemical Company
GERSTEL
Solutions for LC/GC-MS data and

applications

ANALYSES, GC, GC-FTIR

Cayman Chemical Company

ANALYSES, GC, GC-MS

Cayman Chemical Company

GenTech Scientific LLC

GERSTEL

LC Services Ltd

LECO Corporation

269-985-5768

Solutions for LC/GC-MS data and
applications

Syft Technologies

Utility Testing Laboratory

ANALYSES, LC, LC-MS
Advanced Materials Technology
Axcend
Cayman Chemical Company
Fortis Technologies Ltd
GenTech Scientific LLC
GERSTEL
Gilson
LC Services Ltd
McKinley Scientific
Postnova Analytics
SiliCycle Inc.

Solutions for LC/GC-MS data and
applications
Waters Corporation

ANALYSES, SEC

PSS GmbH - Perfect Separation
Solutions
Waters Corporation

ANALYSES, SFC, SFC-MS

Waters Corporation

ANALYSES, SPE

Creative Biogene
Gilson
SiliCycle Inc.

CHROMATOGRAPHY DATA
SYSTEM VALIDATION

COLUMN REPACKING, LC
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Fortis Technologies Ltd
Regis Technologies, Inc.
SiliCycle Inc.

CONSULTING,
ENVIRONMENTAL

Infometrix, Inc.

CONSULTING, GC

Anthias Consulting Ltd
Infometrix, Inc.

CONSULTING, GENERAL
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Quantitative in silico analytical
chemistry

CONSULTING, LC
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Fortis Technologies Ltd
Infometrix, Inc.

KNAUER Wissenschaftliche Gerate
GmbH

PDR-Separations

SiliCycle Inc.

CONSULTING, SPE

Anthias Consulting Ltd

SiliCycle Inc.

CONTRACT DEVELOPMENT
S-Matrix Corporation

SiliCycle Inc.

EQUIPMENT QUALIFICATION
OR VALIDATION
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LEASING OR RENTING,
GC EQUIPMENT
Quantum Analytics
Syft Technologies
Gilson
McKinley Scientific
Quantum Analytics

METHOD DEVELOPMENT, CE

Advanced Materials Technology
METHOD DEVELOPMENT,
GC, GC-MS

Anthias Consulting Ltd
Cayman Chemical Company
Jaytee Biosciences Ltd

SAMPLE PREPARATION

AND HANDLING

Products and Services for Chromatography

FILTERS, MEMBRANE

CELLULOSE
Cytiva
Teknokroma Analitica S.A.

ION-EXCHANGE

Phenomenex, Inc.

NYLON

Cytiva
HPLC Direct Ltd
Phenomenex, Inc.

OTHER FILTERS, MEMBRANE

Cytiva
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LECO Corporation
269-985-5768
Regis Technologies, Inc.
Solutions for LC/GC-MS data and
applications

METHOD DEVELOPMENT,
LC, LC-MS

Anthias Consulting Ltd

Cayman Chemical Company

Fortis Technologies Ltd

Jaytee Biosciences Ltd

KNAUER Wissenschaftliche Gerate
GmbH

PDR-Separations

Regis Technologies, Inc.

S-Matrix Corporation

SiliCycle Inc.

Solutions for LC/GC-MS data and
applications

Waters Corporation

YMC Europe
+49 20644270

METHOD DEVELOPMENT, SEC

PSS GmbH - Perfect Separation
Solutions
Waters Corporation

METHOD DEVELOPMENT,
SFC, SFC-MS

Regis Technologies, Inc.

METHOD DEVELOPMENT, SPE

Anthias Consulting Ltd

OTHER GC-RELATED SERVICES

Infometrix, Inc.
KCA Laboratories
LECO Corporation
269-985-5768
Solutions for LC/GC-MS data and
applications

OTHER LC-RELATED SERVICES

ChromaDex Reference Standards
and Services

KCA Laboratories

Solutions for LC/GC-MS data and
applications

PREPARATIVE GC
Solutions for LC/GC-MS data and
applications

PREPARATIVE LC

Advion Interchim Scientific

Dr. Maisch HPLC GmbH

Eldex Corporation

Gilson

PDR-Separations

SiliCycle Inc.

Solutions for LC/GC-MS data and
applications

PREPARATIVE SFC

Eldex Corporation
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Porvair Sciences
PreOmics GmbH
Teknokroma Analitica S.A.
Welch Materials, Inc.

POLYPROPYLENE

Cytiva

Porvair Sciences
Teknokroma Analitica S.A.
Welch Materials, Inc.

POLYSULFONE

Cytiva
Teknokroma Analitica S.A.

PTFE

Cytiva

HPLC Direct Ltd
Phenomenex, Inc.

PROCESS LC

Eldex Corporation

SiliCycle Inc.

Solutions for LC/GC-MS data and
applications

REPAIR AND MAINTENANCE,
GC EQUIPMENT

Eldex Corporation
Jaytee Biosciences Ltd
LC Services Ltd

REPAIR AND MAINTENANCE,
LC EQUIPMENT

LC Services Ltd
McKinley Scientific
Verulam Scientific Ltd

STABILITY TESTING

Regis Technologies, Inc.
Solutions for LC/GC-MS data and
applications

THIN-LAYER CHROMATOGRAPH

Fortis Technologies Ltd
Jaytee Biosciences Ltd
KNAUER Wissenschaftliche Gerate
GmbH
LCGC
YMC Europe
+49 20644270

TRAINING PROGRAMS FOR SEC

Anthias Consulting Ltd
PSS GmbH - Perfect Separation
Solutions
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TRAINING PROGRAMS FOR SPE
Anthias Consulting Ltd

WATER ANALYSIS
GERSTEL

Porvair Sciences

Cytiva

CAPSULE
Cytiva


https://www.chromatographyonline.com/

526 LCGC NORTH AMERICA VOLUME 41 NUMBER 11 DECEMBER 2023

CENTRIFUGAL

:‘U‘U
83
[0}
3=
sl %l
® - Q
[6X0)
33
O o
ze

FILTER HOLDERS
Cytiva

GAS-PURIFICATION
Cytiva

GLASS-FIBER
Cytiva
Welch Materials, Inc.

LAB ENVIRONMENT
Cytiva

OTHER FILTERS
Cytiva

PAPER
Cytiva

PUMP-INLET
Cytiva
Verulam Scientific Ltd

STAINLESS STEEL IN-LINE

VICI Valco Instruments Co. Inc.

SYRINGE

Preparation
Sorbent Technologies, Inc.
Welch Materials, Inc.

PRESSURIZED FLUID
AND EQUIPMENT

Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

MULTIPLE SAMPLE SYSTEMS
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Preparation
GERSTEL

SINGLE SAMPLE SYSTEMS
Verulam Scientific Ltd

SYSTEMS, AUTOMATED
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Preparation
GERSTEL
Verulam Scientific Ltd

SAMPLE HANDLING
2-IN-1 KITS
LC Services Ltd
96-POSITION BLOCK SYSTEMS

Gilson

AUTOMATED SAMPLE-
HANDLING EQUIPMENT

Preparation
ePrep chromatography sample
preparation
Gilson, Inc.
Hamilton Company
800-648-5950
KNAUER Wissenschaftliche Gerate
GmbH
LECO Corporation
269-985-5768

Markes International Ltd
Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

Polymer Char
Porvair Sciences
PreOmics GmbH
Quantum Analytics

HEADSPACE VIALS & CLOSURES
DWK Life Sciences GmbH
Greyhound Chromatography and

Allied Chemicals Ltd
HPLC Direct Ltd
Markes International Ltd
Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

Ningbo Excellent New Materials
Co Ltd

Porvair Sciences

Quantum Analytics
Teknokroma Analitica S.A.
Welch Materials, Inc.

MICRO-INSERTS

DWK Life Sciences GmbH
Markes International Ltd
Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

Teknokroma Analitica S.A.
Welch Materials, Inc.

OTHER SAMPLE-HANDLING
ACCESSORIES

Biotage AB, Sweden

Gilson

Hamilton Company
800-648-5950

Markes International Ltd

VICI Valco Instruments Co. Inc.

SAMPLE-STORAGE EQUIPMENT

Markes International Ltd
Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

SEALS

Bal Seal Engineering
DWK Life Sciences GmbH

Porvair Sciences

Markes International Ltd
Phone +44 (0)1443 230935
E-mail enquiries@markes.com
www.markes.com

VIAL RACKS

DWK Life Sciences GmbH
ECOM spol. s r.o.

+42 0221511310
Gilson
Porvair Sciences
Welch Materials, Inc.

DWK Life Sciences GmbH
Gilson

HPLC Direct Ltd

Markes International Ltd
Ningbo Excellent New Materials
Co Ltd

Teknokroma Analitica S.A.

Welch Materials, Inc.

SAMPLE PREPARATION

AUTOMATED GAS-SAMPLE
COLLECTORS
Acrolab

Markes International GmbH
Markes International Inc.

AUTOMATED SOLID-PHASE
EXTRACTION EQUIPMENT

Acrolab

Biotage AB, Sweden

ePrep Automated Sample
Preparation

ePrep chromatography sample
preparation

GIBNIK Analytical Solutions SL
Gilson, Inc.

Markes International GmbH
SILEX Chromatography

Verulam Scientific Ltd

CONCENTRATORS OR
EVAPORATORS
Acrolab
Biotage AB, Sweden
Markes International Ltd
Porvair Sciences

SILEX Chromatography
Verulam Scientific Ltd

CRIMPERS & DECAPPERS

DWK Life Sciences GmbH
HPLC Direct Ltd
Teknokroma Analitica S.A.

EXTRACTORS

Acrolab
Gilson

MAGNETIC BEAD SEPARATION

Acrolab

Cytiva

Gilson
Phenomenex, Inc.
PreOmics GmbH

MANIFOLDS FOR
SOLID-PHASE EXTRACTION

Acrolab

Biotage AB, Sweden

ePrep Automated Sample
Preparation

Porvair Sciences

SiliCycle Inc.

Welch Materials, Inc.

MICROWAVE SYSTEMS

Biotage AB, Sweden

WWW.CHROMATOGRAPHYONLINE.COM

ROBOTIC EQUIPMENT

ePrep Automated Sample
Preparation

ePrep chromatography sample
preparation

GIBNIK Analytical Solutions SL
Porvair Sciences

PreOmics GmbH

SepSolve Analytical Ltd

SAMPLE-COLLECTION

DEVICES FOR AIR MONITORING
GL Sciences BV

Markes International GmbH

Markes International Inc.

Markes International Ltd
Quantum Analytics

SOLID-PHASE EXTRACTION
COLUMNS, DISKS, AND
PACKINGS

Biotage AB, Sweden

ePrep Automated Sample
Preparation

Gilson

GL Sciences BV

HILICON AB

HPLC Direct Ltd
Phenomenex, Inc.

Porvair Sciences

SiliCycle Inc.

Sorbent Technologies-SorbTech

Teknokroma Analitica S.A.

Welch Materials, Inc.

SOLID-PHASE
MICROEXTRACTION EQUIPMENT

ePrep Automated Sample
Preparation

ePrep chromatography sample
preparation

Gilson

Markes International GmbH
Markes International Inc.
Markes International Ltd
Phenomenex, Inc.

SepSolve Analytical Ltd

SORBENTS FOR SAMPLE

PREPARATION

FRITSCH GmbH  Milling and Sizing
HILICON AB

Markes International Inc.
Markes International Ltd
Phenomenex, Inc.
Porvair Sciences
SILEX Chromatography
SiliCycle Inc.
Sorbent Technologies-SorbTech

LISTEN ONLINE

YTICALLY
KING

PODCAST

LC|GC | Spectroscopy

ALSO AVAILABLE ON

www.ChromatographyOnline.com/
analytically-speaking-podcast

Apple Podcasts, SoundCloud, Google Podcasts
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GENERAL SCIENTIFIC
EQUIPMENT AND ACCESSORIES

Products and Services for Chromatography

BIOSENSORS

908 Devices

CONDUCTIVITY METERS

Karin_Aspen

ELECTRONIC NOSE
INSTRUMENTS
LECO Corporation
269-985-5768

Verder Scientific Inc

ELEMENTAL ANALYZERS
LECO Corporation
Verder Scientific Inc

FLOW-INJECTION ANALYSIS
EQUIPMENT

VICI Valco Instruments Co. Inc.
713-688-9345

ION-SELECTIVE ELECTRODES

VICI Valco Instruments Co. Inc.
713-688-9345

MICROPLATE READERS

Berthold Technologies GmbH &
Co.KG
Emerald Scientific

MOISTURE ANALYZERS

Emerald Scientific
FRITSCH GmbH e Milling and Sizing
LECO Corporation
269-985-5768
Verder Scientific Inc

PARTICLE SIZE ANALYZERS

Emerald Scientific
FRITSCH GmbH e Milling and Sizing
LECO Corporation
269-985-5768
Verder Scientific Inc

PETROLEUM TESTING

Emerald Scientific

FRITSCH GmbH e Milling and Sizing
LECO Corporation

269-985-5768
Verder Scientific Inc

PH METERS
Karin_Aspen

PYROLYSIS EQUIPMENT
Eldex Corporation
LECO Corporation
269-985-5768
Verder Scientific Inc

REFRACTOMETERS
Wyatt Technology

RTDS/ACCESSORIES

Pyromation, Inc.

Pyromation, Inc.
THERMOCOUPLERS/
ACCESSORIES

Karin_Aspen

Pyromation, Inc.
THERMOMETERS

Pyromation, Inc.

UV-VIS, SPECTROPHOTOMETER
Berthold Technologies GmbH &
Co.KG
International Crystal Laboratories
LC Services Ltd

VISCOMETERS
Polymer Char
Verder Scientific Inc
Wyatt Technology
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BALANCES
Acrolab
Emerald Scientific

Greyhound Chromatography and
Allied Chemicals Ltd

LC GC

ONLINE DIRECTORY

MISSING FROM THE DIRECTORY?
SCAN THE CODE TO ADD YOUR LISTINGS.
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SILEX Chromatography

BATHS

Acrolab

Gilson, Inc.
LNEYA
CENTRIFUGES
Acrolab

Chem Science INC
Emerald Scientific
Gilson, Inc.
LNEYA
CRUCIBLES
Chem Science INC

DATA RECORDERS

Ultraview Corporation

DISSOLUTION TESTERS
Acrolab

DISTILLATION SYSTEMS

FITTINGS/FLANGES
Hamilton Company
800-648-5950
VICI Valco Instruments Co. Inc.
713-688-9345

FLUID HANDLING
EQUIPMENT

_n
3
5
w
e}
T
o)
3

o
T

<
5
«Q
o
=3
Q.
524
N
5
«Q

@
o
9
Q
«Q
o
>
o
%)
2
@
o
[}
3

I
o
3
=3
o
E]
0
[s]
3
el
o
E]
<

800-648-5950
Hoffer Flow Controls Inc.
LNEYA
FREEZE DRYERS
Acrolab

GLASSWARE

Acrolab
Chem Science INC
DWK Life Sciences GmbH

HEATERS/COOLERS
LNEYA

HOMOGENIZERS
Acrolab
PreOmics GmbH

IMAGING EQUIPMENT/
ACCESSORIES
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MICROSCOPES/ACCESSORIES

Verder Scientific Inc

OVENS

Verder Scientific Inc

PIPETTES

DWK Life Sciences GmbH

Gilson, Inc.

Greyhound Chromatography and

Allied Chemicals Ltd

Hamilton Company
800-648-5950

PLASTICWARE

Acrolab
Chem Science INC
DWK Life Sciences GmbH

PUMPS
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Gilson, Inc.
Verder Scientific Inc

REFRIGERATORS/FREEZERS

Acrolab

SHAKERS/STIRRERS

Acrolab
SHAKERS/STIRRERS

Verder Scientific Inc

SYRINGES

Gilson, Inc.
Greyhound Chromatography and
Allied Chemicals Ltd
International Crystal Laboratories
VICI Valco Instruments Co. Inc.
713-688-9345

TEMPERATURE/PRESSURE
CONTROLLERS
BRADY Europe, Middle East & Africa
LNEYA
VICI Valco Instruments Co. Inc.
713-688-9345
TUBING
VICI Valco Instruments Co. Inc.
713-688-9345
ULTRASONIC EQUIPMENT
Acrolab

VACUUM EQUIPMENT
Acrolab

VALVES

GL Sciences BV
VICI Valco Instruments Co. Inc.
713-688-9345

WATER PURIFICATION
SYSTEMS

Acrolab

ELGA Labwater

SILEX Chromatography

CELL CULTURE EQUIPMENT

Gilson, Inc.
Emerald Scientific

ENCLOSURES

Verder Scientific Inc

FUME HOODS

Emerald Scientific

FURNITURE

GLASSWARE WASHERS
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LIGHTING
IAC Industries

PROTECTIVE CLOTHING/
EYEWEAR
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SAFETY EQUIPMENT/
SIGNAGE

BRADY Europe, Middle East & Africa
SHELVING/STORAGE

WORKBENCHES
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MANUFACTURERS DIRECTORY

908 DEVICES

645 Summer Street,

Boston, Massachusetts 02210,
Phone: +1 (857) 254-1500
E-mail: help@908devices.com
www.908devices.com

ACD/LABS

(ADVANCED CHEMISTRY
DEVELOPMENT)

8 King Street East, Suite 107,
Toronto, Ontario M5C 1B5,
Canada

Phone: +1 416 368 3435
E-mail: info@acdlabs.com
www.acdlabs.com

ACROLAB

Lucknow, India

Phone: 7827529052

Email: gen.acrolab@gmail.com
www.acrolab.in

ADVANCED MATERIALS
TECHNOLOGY

3521 Silverside Road, Suite 1-K,
Quillen Building,

Wilmington, Delaware 19810,
Phone: (302) 992-8060

E-mail: info@
advanced-materials-tech.com
www.halocolumns.com

ADVION INTERCHIM
SCIENTIFIC

61 Brown Road,

Ithaca, New York 14850,
Phone: (607) 266-9162
E-mail: info@advion.com
www.advion.com

AECS-QUIKPREP LTD

2 Parc An Rose Terrace,

Holywell Road, Cubert Newquay,
Cornwall TR8 5EY,

United Kingdom

Phone: 0044 (0) 783 876 1524
E-mail: aecs@gmx.com
www.quattroprep.com

AIR PRODUCTS PLC

2 Millennium Gate

Westmere Drive CW1 6AP
United Kingdom

Phone: (800) 389-0202

Email: apukinfo@airproducts.com
www.airproducts.co.uk

AMPAC ANALYTICAL

1100 Windfield Way

El Dorado Hills, CA 95762, USA
Phone: 916-245-6500

E-mail: ampacanalytical@apfc.com
www.ampacanalytical.com

ANTHIAS CONSULTING LTD
1 Hamden Way,

Papworth Everard,
Cambridgeshire CB233UG,
United Kingdom

Phone: +44 (0) 1480 831 262
E-mail: info@anthias.co.uk
www.anthias.co.uk

AUTOSCRIBE INFORMATICS LIMS
1-2 Venus House

Calleva Park Basingstoke Rd
Aldermaston Reading RG7 TNW
United Kingdom

Phone: +44-1189-840610

E-mail: info@autoscribeinformat-
ics.com
www.autoscribeinformatics.com

AXCEND

5252 N. Edgewood Drive, Suite 185,
Provo, Utah 84604,

Phone: (801) 953-4257

E-mail: info@axcendcorp.com
www.axcendcorp.com

BAL SEAL ENGINEERING
19650 Paulin

Foothill Ranch, California 92688,
Phone: (800) 366-1006

E-mail: sales@balseal.com
www.balseal.com

BERTHOLD TECHNOLOGIES
GMBH & CO.KG

Calmbacher Str. 22, 75323,

Bad Wildbad, Baden Wuerttemberg,
Germany

Phone: +49 7081 177-0

E-mail: info@berthold.com
www.berthold.com

BIOTAGE AB, SWEDEN
Vimpelgatan 5,

Uppsala 753 18,

Sweden

Phone: +46 18 56 59 00
E-mail: info@biotage.com
www.biotage.com

BIOVENIC

NY
marketing@biovenic.com
www.biovenic.com

BRADY EUROPE,

MIDDLE EAST & AFRICA
Lindestraat 20,

Zele 9240, Belgium

Phone: +32 524579 34

E-mail: salesbenelux@bradycorp.com
www.brady.eu

BRAND GMBH + CO KG
Germany 97877

Email: sales@brand.de
www.brand.de

CAYMAN CHEMICAL
COMPANY

1180 East Ellsworth Road,

Ann Arbor, Michigan 48108,
Phone: (800) 364-9897

E-mail: custserv@caymanchem.com
www.caymanchem.com

CC BIOTECH LLC

PO Bos 2143

Rockville, MD 20847
Phone: (202) 903-1074
Email: info@ccbiotech.us
www.ccbiotech.us

CD BIOPARTICLES

Ramsey Road,

New York, New York 11967,
Phone: 1(631) 346-0027

E-mail: info@cd-bioparticles.com
www.cd-bioparticles.net

CD COMPUTABIO

Shirley, New York 11967

Shirley, NY 11967

Email: contact@computabio.com
www.computabio.com

CDS ANALYTICAL

465 Limestone Road

PO Box 277

Oxford, Pennsylvania 19363,
Phone: 1(800) 541-6593

E-mail: sales@cdsanalytical.com
www.cdsanalytical.com

CHEM SCIENCE INC

965 Reverchon St-Laurent
(Quebec) Canada H4T,
Canada

Phone: 833 636 7850

E-mail: info@chemscience.com
www.chemscience.com

CHILLERS, AIR COOLED CHILL-
ERS, WATER COOLED CHILLERS
No.203, Hongyun Road,
Guangdian Industrial Park, Xinwu
District, Wuxi Jiangsu 214000
China

Email: info@Ineya.com
www.Ineya-online.com

CHIRON AS
Stiklestadveien 1,
Trondheim 7041,
Norway

Phone: +47 73 87 44 90
E-mail: sales@chiron.no
www.chiron.no

CHROMADEX REFERENCE
STANDARDS AND SERVICES

1751 S. Fordham Street, Suite 350,
Denver, Colorado 80503,

Phone: (855) 733-7837

E-mail: custsvc@chromadex.com
www.chromadex.com

CONQUER SCIENTIFIC LLC
12778 Brookprinter Place

San Diego, CA 92064

Phone: (619) 690-7300

Email: sales@conquerscientific.com
www.conquerscientific.com

CREATIVE BIOGENE

Shirley, NY 11967

Phone: (631)386-8241

Email: contact@creative-biogene.com
www.creative-biogene.com

CYTIVA

100 Results Way,

Marlborough, Massachusetts 01752,
Phone: (800) 526-3593
www.cytivalifesciences.com

D-STAR INSTRUMENTS, INC.
8424 Quarry Road,

Manassas, Virginia 20110,

Phone: (703) 335-0770

E-mail: sales@d-star.com
www.d-star.com

DETECTOR ENGINEERING
& TECHNOLOGY

486 N Wiget Ln,

Walnut Creek, California 94598-2408,
Phone: (925) 937-4203

E-mail: detplp@aol.com
www.detectorengtech.com

DEVELOSIL

10060 Carroll Canyon Road, Suite 100,
San Diego, California 92131,
Phone: (858) 800-2433

E-mail: info@develosil.us
www.develosil.us

DR. MAISCH HPLC GMBH
Beim Briickle 14,

Ammerbuch 72119, Germany
Phone: +49 7073 50357

E-mail: info@dr-maisch.com
www.dr-maisch.com

DWK LIFE SCIENCES GMBH
Hattenbergstrasse 10,

Mainz, Rhineland-Palatina 55122,
Germany

Phone: +49 (0)6 13114 454428
E-mail: sales@dwk.com
www.dwk.com

ECOM SPOL. S R.O.
Tiebonicka, 239 25219,
Czech Republic

Phone: +420221511310;
+420606799788

E-mail: info@ecomsro.cz
WWW.eComsro.com

ELDEX CORPORATION
30 Executive Court,

Napa, California 94558-6267,
Phone: (707) 224-8800
E-mail: sales@eldex.com
www.eldex.com

ELGA LABWATER

5 Earl Ct, Unit 100
Woodridge, lllinois 60517,
Phone: (877) 315-3542
E-mail: elga.usa@veolia.com
www.elgalabwater.com

EPREP AUTOMATED
SAMPLE PREPARATION

3 Kingston Town Close,
Victoria, Oakleigh, Victoria 3166,
Australia

Phone: +61 3 9574 3600

E-mail: info@eprep.com.au
www.eprep-analytical.com

EPREP CHROMATOGRAPHY
SAMPLE PREPARATION

3 Kingston Town Close,

Victoria, Oakleigh, Victoria 3166,
Australia

Phone: +61 (0)3 9574 3605

E-mail: info@eprep.com.au
www.eprep-analytical.com

FORTIS TECHNOLOGIES LTD
45 Coalbrookdale Road,
Clayhill Business Park,

WWW.CHROMATOGRAPHYONLINE.COM

Neston, Cheshire CH64 3UG,
United Kingdom

Phone: +44 (0) 151 3362 266
E-mail: info@fortis-technologies.com
www.fortis-technologies.com

FRITSCH GMBH e

MILLING AND SIZING
IndustriestraBBe 8, Idar-Oberstein,
Rhineland-Palatina 55743,
Germany

Phone: +49 67 84700

E-mail: info@fritsch-us.com
www.fritsch-international.com

FRONTIER LABORATORIES
EUROPE

Bandstrasse 39B, EMSCA MS
Consulting, Essen,

North-Rhine Westphaha D-45359,
Germany

Phone: +49 17 16488148

E-mail: michael@frontier-lab.com
www.frontier-lab.com

GENTECH SCIENTIFIC LLC
23 Mill Street,

Arcade, New York 14009,

United States

Phone: (585) 492-1068

E-mail: sales@gentechscientific.com
www.gentechscientific.com

GERSTEL
Eberhard-Gerstel-Platz 1,
Mdulheim an der Ruhr,
North-Rhine Westphalia 45473,
Germany

Phone: +49 (0)208 - 7 6503 0
E-mail: info@gerstel.de
www.gerstel.com

GIBNIK ANALYTICAL SOLU-
TIONS SL

Passatje Arrahona 33, Bldg.3.
Santiga Ind. Zone, 8210 Spain
Phone: +34 937290985

Email: marketing@gibnik.com
www.gibnik.com

GILSON

3000 S Parmenter St

Middleton, WI 53562

Phone: (800) 445-7661

Email: customersupport@gilson.com
www.gilson.com/promotions

GILSON, INC.

Global Headquarters,

3000 Parmenter Street,

P.O. Box 620027,

Middleton, Wisconsin 53562,
Phone: 1(800) 445-7661

E-mail: customersupport@gilson.com
www.gilson.com

GL SCIENCES BV
Dillenburgstraat 7C 5652 AM,
Netherlands

Phone: +31 402549531
E-mail: info@glsciences.eu
www.glsciences.eu

GREYHOUND CHROMATOGRAPHY
AND ALLIED CHEMICALS LTD

6 Kelvin Park, Wallasey
Birkenhead, Cheshire CH411LT
United Kingdom

Phone: +44 (0) 151 649 4000
Email: info@greyhoundchrom.com
www.greyhoundchrom.com

HAMILTON COMPANY

4970 Energy Way,

Reno, Nevada 89502,

Phone: 1 (800) 648-5950;

(775) 858-3000 (Local)

E-mail: sales@hamiltoncompany.com
www.hamiltoncompany.com

See our ad on page 439

HILICON AB
Tvistevdgen 48 A
Umed, SE-90736
Sweden

Phone: +46 (90) 193469
Email: info@hilicon.com
www.hilicon.com

HOFFER FLOW CONTROLS INC.
107 Kitty Hawk Lane,

PO Box 2145 27906

Elizabeth City, NC 27909
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mailto:info@dr-maisch.com
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mailto:sales@dwk.com
http://www.dwk.com
mailto:info@ecomsro.cz
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mailto:sales@eldex.com
http://www.eldex.com
mailto:elga.usa@veolia.com
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mailto:info@eprep.com.au
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mailto:info@eprep.com.au
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mailto:info@fortis-technologies.com
http://www.fortis-technologies.com
mailto:info@fritsch-us.com
http://www.fritsch-international.com
mailto:michael@frontier-lab.com
http://www.frontier-lab.com
mailto:sales@gentechscientific.com
http://www.gentechscientific.com
mailto:info@gerstel.de
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mailto:marketing@gibnik.com
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mailto:customersupport@gilson.com
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http://www.glsciences.eu
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Phone: 252-331-1997, 800-628-4584
Fax: 252-331-2886

E-mail: janna@hofferflow.com
www.hofferflow.com

HPLC DIRECT LTD
Ropeworks, Newton Street,
Macclesfield, Cheshire SK11 6QJ,
United Kingdom

Phone: 07831 447 486

E-mail: info@hplcdirect.co.uk
www.hplcdirect.co.uk

IAC INDUSTRIES

3831 S Bullard Avenue,
Goodyear, Arizona 85338,

Phone: (800) 229-1422; (714) 990-8997
E-mail: benchsales@iacindustries.com
www.iacindustries.com

IJEST

626 Wilshire Boulevard,

Los Angeles, California 90017,
Phone: (707) 633-3769

E-mail: admin@ijest.org
www.ijest.org

INFOMETRIX, INC.

11807 N Creek Pkwy S, Suite B-111,
Bothell, Washington 98011,
United States

Phone: (425) 402-1450

E-mail: sales@infometrix.com
www.infometrix.com

INNOVAQUARTZ

23030 N 15th Avenue,

Phoenix, Arizona 85027-1315,
Phone: 1(623) 434-1895 ext. 107
E-mail: info@innovaquartz.com
www.innovaquartz.com

JAYTEE BIOSCIENCES LTD
Unit 5, The Boulevard,

Altira Business Park,

Herne Bay, Kent CTé 6GZ,
United Kingdom

Phone: +44 (0)12 27 265 333
E-mail: sales@jaytee.com
www.jaytee.com

KARIN ASPEN

Kloosterstraat 6 5349AB
Netherlands

Phone: +31882779484

Email: kvullings@nl.aspenpharma.com

KCA LABORATORIES

232 North Plaza Drive,
Nicholasville, Kentucky 40356,
Phone: (833) 522-5227

E-mail: trustedresults@kcalabs.com
www.kcalabs.com

KINDWELL INC.

1007 N. Orange St.
Wilmington, DE 19801

Phone: (302) 588-2895

Email: andreas.h@kindwell.net
www.kindwell.net

KNAUER WISSENSCHAFTLICHE
GERATE GMBH

Hegauer Weg 38, Berlin,

Berlin 14163,

Germany

Phone: +49 30 8097270

E-mail: info@knauer.net
www.knauer.net

LADYBUG SCIENTIFIC LLC

12 Warren Court

Northport, NY 11768

Phone: (631) 606-0088

Email: info@ladybugscientific.com
www.ladybugscientific.com

LCGC

485 US Highway 1,

Iselin, New Jersey 08830,

Phone: (732) 710-2175
www.chromatographyonline.com

LC SERVICES LTD

Station House, Station Road,
Turvey, Bedford,
Bedfordshire MK43 8BH,
United Kingdom

Phone: +44 (0)12 3488 1900

registration
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E-mail: contact@Icservs.com
www.|cservicesltd.co.uk

LECO CORPORATION
3000 Lakeview Avenue,

Saint Joseph, Michigan 49085,
Phone: (269) 985-5496

E-mail: info@leco.com
www.leco.com

See our ad on page 465

LGC GROUP

Queens Road,

Teddington, Middlesex TW11 OLY,
United Kingdom

Phone: +1 6036227660

E-mail: infousa@lgcgroup.com
www.|gcstandards.com

MARKES INSTRUMENTS
(SHANGHAI) CO., LTD.
Room 901, Building 1,

No. 2899 Lianhua South Road,
Minhang District, Shanghai
201109, P.R. China

Phone: +86 21 5465 1216
E-mail: enquiries@markes.com
www.markes.com.cn

MARKES INTERNATIONAL
GMBH

Bieberer StraBe 1-7,

Offenbach am Main, Hesse 63065,

Germany

Phone: +49 (0)69 6681089-10
E-mail: enquiries@markes.com
www.markes.com

MARKES INTERNATIONAL INC.
2355 Gold Meadow Way ,

Gold River, Sacramento,
California 95670,

Phone: +1(866) 483-5684 (toll-free)
E-mail: enquiries@markes.com
www.markes.com

MARKES INTERNATIONAL LTD
1000B Central Park,
Western Avenue,

by key speakers

on hot topics

with awards
www.multidimensionalchromatography.com

Mid Glamorgan CF31 3RT,
United Kingdom

Phone: +44 (0)1443 230935
E-mail: enquiries@markes.com
www.markes.com

MARVEL REFRIGERATION
1260 E Van Deinse Street,
Greenville, Michigan 48838,
Phone: (616) 754-5601
www.marvelrefrigeration.com

MCKINLEY SCIENTIFIC

100 E. Six Forks Rd St. 145
Raleigh, NC 27609

Phone: (877) 502-7082

Email: francine.jackson@mcksci-
entific.com
www.mckscientific.com

MILES SCIENTIFIC

75 Blue Hen Drive,

Newark, Delaware 19713,
Phone: (302) 737-6960

E-mail: cs@MilesScientific.com
www.milesscientific.com

NANOCHROM
TECHNOLOGIES CO LTD

4 F, Building NE-37, 99 Jinjihu
Avenue, China-Singapore Suzhou
Industrial Park, China

Phone: +86-0512-62626680
E-mail: info@nanochrom.com
www.nanochrom.com

NINGBO EXCELLENT NEW
MATERIALS CO LTD
CHAOYANG ROAD 667,
SHANGHE JIANGSHAN
YINZHOU NINGBO ZHEJIANG
CHINA 315191

Ningbo, Zhejiang 315191 China
Phone: 13626849982

Email: hamagjinx@hotmail.com
www.septacapvials.com
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NITROGEN & HYDROGEN
GENERATORS

3637 Marquis Drive

Fort Worth, TX 75042

Phone: (817) 889-0700

Email: jeffrey.walters@nitroge-
nandcompressorglobal.com
www.nitrogenandcompressorglobal.com

NORTHWEST ANALYTICS INC
111 SW Columbia Street, Suite 1080,
Oregon 97201,

Phone: (503) 2247727

E-mail: info@Nwasoft.Com
www.nwasoft.com

NOVILYTIC

1281 Win Hentschel Boulevard,
Suite 2541,

West Lafayette, Indiana 47906,
Phone: (765) 340-7140

E-mail: info@novilytic.com
www.novilytic.com

PDR-SEPARATIONS

3 Old Meadow Way,

Palm Beach Gardens Florida 33418,
Phone: (561) 818- 8445

E-mail: gwyanik@pdr-separations.com
www.pdr-separations.com

PEAK SCIENTIFIC

Fountain Crescent,

Inchinnan Business Park PA4 9RE,
United Kingdom

Phone: +44 (0) 141 812 8100
E-mail: discover@peakscientific.com
www.peakscientific.com

PERKINELMER
CHROMATOGRAPHY
SOLUTIONS

940 Winter Street,

Waltham, Massachusetts 02451,
Phone: (800) 762-4000;

+1(203) 925-4602

E-mail: info@perkinelmer.com
www.perkinelmer.com

PHENOMENEX, INC.

411 Madrid Avenue

Torrance, California 90501,
Phone: (310) 212-0555

E-mail: info@phenomenex.com
www.phenomenex.com

POLYLC INC.

9151 Rumsey Road, Suite 180,
Columbia, Maryland 21045,
Phone: (410) 992-5400

E-mail: info@polylc.com
www.polylc.com

POLYMER CHAR

Gustave Eiffel 8 Valencia
Technology Park 46980, Spain
Phone: +34961318120

E-mail: info@polymerchar.com
www.polymerchar.com

PORVAIR SCIENCES

Unit 73, Clywedog Rd S,
Wrexham Industrial Estate,
Wrexham LL13 9XS,

United Kingdom

Phone: +44 (0)1978 661144
E-mail: int.sales@porvairsciences.com
www.microplates.com

POSTNOVA ANALYTICS
Rankinestrasse 1,

Landsberg am Lech, Bavaria 86899,
Germany

Phone: +49 8191 985 688-0
E-mail: info@postnova.com
www.postnova.com

See our ad on page 434

PREOMICS GMBH

Am Klopferspitz 19,

Haus 2, 2. OG, Martinsried,
Bavaria 82152,

Germany

Phone: +49 8923141630
E-mail: info@preomics.com
www.preomics.com

PRINCETON
CHROMATOGRAPHY INC.
259 Prospect Plains Road Building L
Cranbury, NJ 08512
www.pci-hplc.com

See our ad on page 491

PSS GMBH - PERFECT
SEPARATION SOLUTIONS
In der Dalheimer Wiese 5,
Mainz, Rhineland-Palatina 55120,
German

Phone: +49 6131962390

E-mail: info@pss-polymer.com
www.pss-polymer.com

PYROMATION, INC.

5211 Industrial Road 46825-5152,
Phone: (260) 484-2580

E-mail: cs@pyromation.com
www.pyromation.com

QUANTITATIVE IN SILICO
ANALYTICAL CHEMISTRY
1-1-2-10-602 Kominatocho
Nakakud1R/\EE] 1-1-2-10-602
231-0802, Japan

Phone: +81452951468

E-mail: hanai104@kf7.so-net.ne.jp
www.hanai-toshihiko.net

QUANTUM ANALYTICS
8301 New Trails Drive, Suite 100,
The Woodlands, Texas 77381,
Phone: (800) 992-4199

E-mail: info@lga.com
www.lga.com

REGIS TECHNOLOGIES, INC.
8210 Austin Avenue,

Morton Grove, lllinois 60053,
Phone: (847) 967-6000

E-mail: sales@registech.com
www.registech.com

ROOTS ANALYSIS

India

Phone: +4158003415

Email: rootanalysisusa@gmail.com
www.rootsanalysis.com

S-MATRIX CORPORATION
1594 Myrtle Avenue,

Eureka, California 95501,
Phone: (707) 441-0406

E-mail: support@smatrix.com
www.smatrix.com

SCIENCIX

14261 W. Burnsville Pkwy,
Burnsville, Minnesota 55306,
Phone: (952) 895-8292

E-mail: sales@sciencix.com
www.sciencix.com

See our ads on pages 459, 511

SEPSOLVE ANALYTICAL LTD
4 Swan Court,

Forder Way, Hampton,
Peterborough, PE7 8GX

United Kingdom

Phone: +44 (0)1733 669222;

+1 519 206 0055 (Canada)

E-mail: hello@sepsolve.com
www.sepsolve.com

SERVICIOS INTEGRAL

N CROMATOGRAFIA -
SISCHROM
San andres 540, La Puerta 4001,
Venezuela
Phone: +58 424 8801812
E-mail: Sischrom@gmail.com
https://sischrom.wixsite.com/sischrom

SHIMADZU SCIENTIFIC
INSTRUMENTS

7102 Riverwood Drive,

Columbia, Maryland 21046,
Phone: (800) 477-1227

E-mail: webmaster@shimadzu.com
www.shimadzu.com

See our ad on page 497

SILICYCLE INC.

2500 Parc Technologies Blvd
Quebec G1P 456 Canada
Phone: (418) 874-0054

Email: info@silicycle.com
www.silicycle.com

SOLUTIONS FOR LC/GC-MS
DATA AND APPLICATIONS
Feliciano Barrera 9B

Santiago de Compostela 15706
Spain

Phone: +34 881 976 775

Email: marketing@mestrelab.com
bit.ly/3rmY3E1

SORBENT TECHNOLOGIES, INC.
5955 Peachtree Cors. East,
Norcross, Georgia 30071,

Phone: (770) 936-0323

E-mail: info@sorbtech.com
www.sorbtech.com

STRUCTURALS

Jindal Steel & Power Limited
Plot No. 2, Sector 32,Gurugram -
122001, Haryana

Makkah 122001

Saudia Arabia

Phone: +91 9667032300

Email: jsplsaudi@gmail.com
jsplstructurals.com

SUNCHROM GMBH

SunChrom GmbH; Industriestr. 18d
Friedrichsdorf, Hesse 61381
Germany

Phone: +4946172953350

Email: gbarka@sunchrom.de
www.sunchrom.de

SYFT TECHNOLOGIES

68 St Asaph Street

Christchurch Central, Christchurch
New Zealand

Phone: +64-3-338 6701

E-mail: info@syft.com
www.syft.com

See our ad on page 461

TEKNOKROMA ANALITICA S.A.
Cami de Can Calders, 14

08173 Sant Cugat del Vallés
Barcelona, Spain

Phone: +34 936 698 650

E-mail: export@teknokroma.es
www.teknokroma.es

THERMO FISHER SCIENTIFIC
168 Third Avenue

Waltham, Massachusetts 02451,
Phone: (800) 678-5599

E-mail: info@thermofisher.com
www.thermofisher.com

TOSOH BIOSCIENCE GMBH
Im Leuschnerpark 4,

Griesheim, Hesse 64347,
Germany

Phone: +49 6155-7043700

E-mail: info.tbl@tosoh.com
www.tosohbioscience.com

See our ad on page 441

ULTRAVIEW CORPORATION
808 Gilman Street,

Berkeley, California 94710,
Phone: (925) 253-2960

E-mail: sales@ultraviewcorp.com
www.ultraviewcorp.com

UTILITY TESTING LABORATORY
1615 W 2200 S Suite A

Salt Lake City, UT 84119

Phone: (801) 485-8941

Email: becky@ut-labs.com
www.ut-labs.com

VERDER SCIENTIFIC INC

11 Penns Trail, Suite 300,
Newtown, Pennsylvama 18940,
Phone: (267) 757-0351

E-mail: info-us@verder-scientific.com
www.verder-scientific.com

VERULAM SCIENTIFIC LTD

4 Appley Court Appley Wood Corner,
Bedrfordshire ME45 3QQ,

United Kingdom

Phone: +44 (0) 1234 38 1000
E-mail: enquiries@verulamscientific.com
www.verulamscientific.com

VICI VALCO INSTRUMENTS
CO. INC.

PO Box 55603,

Houston, Texas 77255-5603,
Phone: 1(713) 688-9345;

1(800) 367-8424

E-mail: sales_usa@vici.com
www.vici.com

See our ad on page 453

WATERS CORPORATION

34 Maple Street,

Milford, Massachusetts 01757,
Phone: (508) 478-2000

E-mail: customerservice@waters.com
www.waters.com

WWW.CHROMATOGRAPHYONLINE.COM

WELCH MATERIALS, INC.
No. 168 Shuanglin South Street,
Jinhua, Zhejiang 321016, China
Phone: +86-579-89138282;
+1(203) 691-1721 (US Company)
E-mail: info@welchmat.com
www.welch-us.com

WILEY SCIENCE SOLUTIONS
11 River Street,

Hoboken, New Jersey 07030,
Phone: (201) 748-600

E-mail: info.knowitall@wiley.com
www.sciencesolutions.wiley.com
See our ad on page 505

WYATT TECHNOLOGY
6330 Hollister Avenue,

Santa Barbara, California 93117,
Phone: (805) 681-9009

E-mail: info@wyatt.com
www.wyatt.com

YMC EUROPE
Schéttmannshof 19, Dinslaken,
North-Rhine Westphalia 46539,
Germany

Phone: +49 20644270

E-mail: info@ymc.eu
www.ymc.eu

See our ad on page 443
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Capture the Essence

< Suitable for ionic substances
¢ Use of some eluents add ion exchange mode
< Suitable for LC/MS analysis

HILICpak

TFMS; Zoom out 2x PEHXS

time (min) —

Polymer-based packaging material offers escellent stability and minimum
deterioration over an extended time usage.



https://shodexhplc.com/

WITH LUMA™ FROM VUV ANALYTICS
Trace Analysis Has Never Been Easier

Introducing a first-of-its-kind, multichannel Vacuum Ultraviolet detector

that will shed new light on your Gas Chromatography analysis.

SENSITIVE
to low part per billions (PPB) levels.

SELECTIVE
Acquire up to 12 independent channels of data
across a wide wavelength range.

To learn more about how LUMA can shed
a new light on your GC analysis, visit:
luma.vuvanalytics.com

|| L

SLEEP/LE(E METHODS

SLEEP:

SIMPLE
Fits into existing laboratory workflows and requires
minimal training.

UNIVERSAL

Nearly every compound absorbs except for GC
carrier gases.

AVA NN

VUV ANALYTICS


https://luma.vuvanalytics.com/
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