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As a result of the smaller particle sizes (sub-2-µm), particle structure, and narrower 
column hardware, the new generation of liquid chromatography (LC) columns 
produce much sharper and narrower peaks than earlier generations. With the 
reduction of the peak volume, it was also necessary for manufacturers to improve the 
instrumentation technologies to minimize the extra-column dispersion effects (1).

The band variance of a poorly retained peak is a few µL2 for the very efficient 2.1 × 
50 mm narrow-bore columns, whereas the extra-column band broadening caused by a 
typical modern instrument can be up to 5–40 µL2 (2). Therefore, an innovation is required 
to achieve appropriate efficiency and the system dispersion must then be minimized 
by improving the different parts of the ultrahigh-pressure liquid chromatography 
(UHPLC) systems (the injector, the connecting tubes, the detection cell) (3–5).

Usually the dispersion caused by the extra-column band broadening effects is 
studied and discussed, although the extra-bed on-column broadening also needs to 
be mentioned separately from the band broadening caused by the stationary phase 
itself. This effect comes from the presence of porous frits at the column ends, which 
causes dispersion of analytes and bubble formation (1,6,7). The role of the frits is to 
hold the stationary phases within the column and pass the eluent through freely. Many 
solutions have been sought to minimize the dispersion caused by the frits, but the effect 
of the frits seem to be the least studied contribution to band broadening. A helpful 

The Impact of Column 
Hardware on Efficiency in 
Liquid Chromatography (LC)
Dóra Zelenyánszki1,2 and Attila Felinger1,2,3, 1Department of Analytical and Environmental Chemistry and Szentágothai Research Center, 

University of Pécs, Hungary, 2MTA–PTE Molecular Interactions in Separation Science Research Group, Hungary, 3Institute of Bioanalysis, 

Medical School, University of Pécs, Hungary

Column hardware in liquid chromatography—that is, the tubing, the frits, and fitting—has a strong influence 
on separation performance or the reproducibility of chromatographic data. Flow distributors and frits can 
introduce serious band broadening when separation is performed in short, narrow-bore columns. The kinetic 
performances of packed and monolithic columns are usually similar for well-retained analytes. However, 
monolithic columns may show significantly better performance for early-eluting compounds, which can 
be attributed to the moderate mobile phase dispersion caused by the simpler column hardware because 
no frits are required. Packed columns are axially heterogeneous, and some differences can be observed 
between the two respective column ends as a result of the packing procedure. The sample band broadening 
in the immediate vicinity of the column ends can be characterized with flow-reversal experiments. Although 
flow-reversal has a peak compression effect, and the peaks observed with reversed flow are always narrower 
and more symmetrical than the peaks obtained without reversing the flow, flow-reversal can be a useful tool 
to show the differences between the intrinsic plate heights of the packed or monolithic bed and for showing 
the differences between the two respective column ends. Shorter columns are axially more homogeneous 
than longer ones, thus the column length is an influencing factor on the column packing procedure.

KEY POINTS
• The effect of the frits on 

efficiency is of the utmost 
relevance for short columns.

• Column bed heterogeneity 
near the ends can be 
characterized by flow-reversal.

• Shorter columns have more 
homogeneous packed beds.
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review article has been published by 
Cheong for fritting techniques or fritless 
techniques in chromatography (8).

Nowadays, for example, for the 
commercially available 2.1 × 50 mm 
columns packed with 1.6 µm superficially 
porous particles (SPPs) the reduced plate 
height is 1.45 (9). After the correction for 
the dispersion due to the inlet and outlet 
frits, the intrinsic reduced plate height of the 
packed bed is 0.75, which is close to the 
theoretical minimum reduced plate height. 

Consequently, a significant part of the 
efficiency is lost because of the dispersion 
of the two column end frits (9). Therefore, 
it is important to accurately determine the 
effect of the frits on band broadening.

Broyles et al. examined the impact of 
the diameter, thickness, and porosity of 
the frits on the shape of the migrating 
solute band in a 17 × 100 mm column, 
using multi-aspect visualization. Various 
frits were tested, a clear impact on 
separation efficiency was identified, and 

the authors concluded that “the ‘art’ 
associated with packing columns can also 
be extended to encompass the ‘art’ of 
frit selection and manufacture” (10,11).

The Flow-Reversal Method
The flow-reversal method has been 
discussed in the literature for some rare 
cases. It was used for the demonstration 
of the degree of distortion of the 
hydrodynamic flow profile in columns 
for preparative LC and, for example, to 
establish the theoretical plate heights 
of chromatographic columns prepared 
by stacked membranes (12–14).

For the evaluation of the band 
broadening that occurs at the different 
sections in the chromatographic column 
the flow-reversal method can be used 
(7). The method includes the arresting 
of the mobile phase flow when an 
unretained marker has migrated a given 
penetration distance into the column, 
and the reversal of the column under the 
parking time when the flow is arrested.

The role of the axial diffusion (Deff) 
characterizing the sample band 
broadening can be examined by peak 
parking experiments. From the extent 
of band broadening during the tpark 
parking time, the effective axial diffusion 
coefficient can be calculated (15–17).

When the flow has been restarted, the 
sample elutes at the same column end 
where it entered the column. According 
to the procedure, the sample band 
passes twice through (inward and 
outward) the same column end, and 
travels twice through the given column 
distances. The schematic arrangement 
of flow-reversal is shown in Figure 1.

Theoretically, if the column is axially 
homogeneous and the column inlet and 
outlet are identical, one can observe 
similar band broadening in each 
direction, therefore the plots of the band 
variance against the distance that the 
sample penetrates are linear with the 

Eluent

Outlet Inlet

Inlet Outlet
Column

Flow
a)

b)

Pump DetectorInjector

FIGURE 1: The schematic illustration of the flow-reversal method. a) The 
position of the column before the reversal, b) the position of the column after 
the column-reversal.
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FIGURE 2: Band variance obtained for a SPP column with flow-reversal, including 
2 min arrested flow. The symbols at 2.5 cm indicate the variance obtained without 
flow-reversal but also including a 2 min arrested flow. Adapted with permission 
from reference (7).
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FIGURE 3: The comparison of the observed plate height values when 
commercial frits were installed on the monolithic column. Adapted with 
permission from reference (7).
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same slope and intercept. Due to the 
nature of the column packing procedure, 
one may assume that the inlet and the 
outlet ends of the columns exhibit a 
different structure and efficiency, thus 
experiments should be carried out to 
test either the column inlet or the outlet.

Overview of Flow-Reversal 
Method Results
Recently, Gritti et al. have designed and 
built a low-dispersion system made of 
two 50-nL optical detection cells placed 
immediately before and after the column 
to increase the accuracy of the plate 

height measurements. They applied the 
flow-reversal technique to examine radial 
and axial structural heterogeneities of 
packed column beds. They found that a 
significant peak refocusing was observed 
when reversing the flow direction, which 
confirms the existence of long-range 
velocity biases in packed chromatographic 
columns. Their results confirmed that 
the inlet region of a packed column is 
more uniformly packed than its outlet 
region when it is reversed-packed (6).

Lambert et al. (7) examined the 
effects of the column end (frits and their 
environments) and the bed heterogeneity 
of packed and monolithic columns with 
the flow-reversal method. Monolithic 
columns show rather similar performance 
at either column end, whereas the two 
respective ends of packed columns 
can exhibit even 20–25% difference 
in efficiency (see Figure 2).

For an unretained marker in a 
well-packed column, the band broadening 
occurring in the homogeneous stationary 
phase bed and in the end-structure of 
the column are almost identical. The best 
performing column was the monolithic 
column tested that provides sufficient 
efficiency at moderate pressure drop 
(7). That column shows significantly 
better performance for early eluting 
compounds, which can be attributed to 
the rather small mobile phase dispersion 
caused by the simpler column hardware: 
no frits are required (see the circle 
symbols in Figure 3). The monolithic 
column will show similar properties to 
the packed columns for the entire range 
of retention factor when commercial frits 
are attached at both ends of the column 
(see the square symbols in Figure 3).

Furthermore, the extra-column band 
broadening in the UHPLC system is 
also nearly the same as either of the 
aforementioned contributions. Two-thirds 
of the column efficiency is lost because 
of dispersion in the frits and in the 
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reference (7).
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permission from reference (19).
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equipment. The 5-cm-long column 
bed causes the same amount of band 
broadening as the 2 × 1 mm frits. Thus 
the uncorrected plate number for an 
unretained analyte is only 33% of the 
efficiency of the well-packed bed itself, 
even if the best equipment—with the 
smallest system volume (without switching 
valves, and with a 0.0025 i.d. peek detector 
capillary), where the extra-column band 
broadening is 1.059 µL2—is used.

One can observe the peak 
compression effect of flow-reversal 
in Figure 4. The peaks observed with 
reversed flow are always narrower 
and more symmetrical than the peaks 
obtained without reversing the flow. This 
phenomenon can originate from the 
compensation of the multipath dispersion 
effects when one assumes that the 
molecules mostly travel through the 

same interstitial channels inward and 
outward through the column (7,18).

Zelenyánszki et al. (19) examined and 
compared the kinetic performance of series 
of 2.1 × 50, 100, and 150 mm columns 
packed with fully and superficially porous 
particles. The superficially porous particle 
columns provide slightly greater plate 

height values at the optimum mobile phase 
velocity (except for the 15-cm-long column). 
To illustrate how the flow-reversal method 
can be used to characterize the sample 
zone broadening, the differences between 
the forward and backward measurements, 
that is, the differences between the 
respective column ends are presented in 

0

1

2

3

4

5

0 5 10 15 20

H forward

H backward

H column

H
 (

µ
m

)

Column Length (cm)

FIGURE 7: Comparison of the local plate heights obtained with the flow-reversal 
method and the overall plate heights of the SPP columns. Adapted with 
permission from reference (19).
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Figure 5, for the testing of the 5-cm-long 
fully porous particle (FPP) column against 
the penetration distance run parallel, which 
indicates that the intrinsic plate heights 
are identical—H = 2.7 µm—regardless 
of the flow direction in the column (19).

The local plate height values 
were found to be smaller with 
flow-reversal than with arrested 
flow, due to the compensation of 
the multipath dispersion effect and 
radial flow profile heterogeneities.

The efficiency at the respective 
column ends and the efficiency of the 
packed bed—that is, the local plate 
heights—differ from each other for 
each column; the columns are axially 
heterogeneous, but the difference is 
negligible, and one cannot be sure 
whether the column inlet or outlet 
performs better. The local plate height 
increases with increasing column length. 
Comparing these local plate heights to 
the overall column plate heights, one 
can establish the effect of the frits and 
the column end structure near the frits, 
which are larger for the SPP columns 
(see Figures 6 and 7). Furthermore, one 
can conclude that shorter columns can 
be packed with better bed efficiency. 
The results show that the column length 
has an influence on heterogeneity 
and the shorter the column, the more 
significant the effect of the frits is.

Accordingly, although the packed 
beds in shorter columns are more 
homogeneous and the local plate 
heights are smaller for short than for 
long columns, the overall efficiency 
of the short columns is worse than 
that of the long columns since the 
relative contribution of the frits is more 
substantial for short columns (19).

In another study by Zelenyánszki et al. 
(20) the peak parking and flow-reversal 
measurements have been expanded 
to macromolecules and carried out 
with human insulin. The insulin peaks 
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4.0 International License, https://creativecommons.org/licenses/by/4.0/
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observed after flow-reversal are, again, 
narrower and more symmetrical than 
the peaks obtained without reversing 
the flow (see Figure 8). For small 
molecules, such as thiourea, the band 
compression effect was found to be 
less (6,7). The molecular diffusivity of 
macromolecules is much smaller than 
that of small molecules. Thus, the radial 
heterogeneity of the packed bed affects 
to a larger extent their migration and 
thus, a larger band compression effect 
can be observed for macro-molecules 
when the flow is reversed.

The contributions of the column inlet 
and outlet to the total band variance have 
been determined successfully, when 
using the column in forward or backward 
direction and injecting unretained 
macromolecules. With the injection of 
insulin, the differences between the 
two respective column ends and the 
influence of flow direction on the local 
plate heights of the homogeneous 
column bed can be determined using 
the flow-reversal experiments (20).

Due to the Taylor–Aris dispersion, 
the experimental conditions for 
macromolecular analytes should 
be significantly modified compared 

to the tests with small molecules. 
Flow-rates should be rather small so 
that solute molecules have time to 
diffuse the entire cross section of the 
system capillaries. Mobile phase flow 
should be arrested for 60 min before 
reversing the flow due to the rather 
small molecular diffusivity of insulin. 
Therefore the experiments become 
much lengthier than with the thiourea or 
other unretained small molecules (20).

Gritti and Gilar have recently studied the 
impact of frit dispersion in gradient elution 
chromatography (1). They found that the 
presence of the outlet frit has a serious 
limitation on the accessed efficiency 
(Figure 9). Thus, there are several facts 
confirming that frit technology should be 

seriously revisited (1,6,7). As one can 
see in Figure 10, voids are observed at 
the circular joint between the stainless 
steel frit and the metal ring, and in the 
central region of the frit showing some 
damages and defects (revealing stainless 
steel grains and circular marks) (1).

Electron Microscopic 
Measurements
Frits from different disassembled columns 
have been investigated with scanning 
electron microscopy. The purpose of these 
measurements is to find any damage on 
the frits due to the effect of the column 
packing procedure. The examination of 
the inlet and outlet frits of five different 
columns did not show any visible damage 

FIGURE 10: Optical microscopic images of the external face a brand new porous 
stainless steel frit. Adapted with permission from reference (1).
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on any of the frits, but the impacted silica 
particles are clearly visible in the pores of 
the frits (see Figure 11). These impacted 
particles are also responsible for the 
band broadening effect near the frits. 
Figure 11 shows that there is no sharp 
boundary between the column packing 
and frit. Particles randomly penetrate in 
the macropores of the frit. There is a large 
contact surface between the particles and 
the frit, and the mixed zone on the inner 
frit surface, as well as the pore structure of 
the frit induces a momentous dispersion.

Conclusions
The impact of column hardware on 
efficiency in LC can be determined via 
flow-reversal experiments. The dispersion 
in the frits composes a significant part 
of the band broadening for modern 
narrow-bore columns. Therefore, frit 
technology needs serious improvement, 
and there are several ways to do that. 
The frit volume can be reduced by its 
thickness (1) or the disk-like shape 
of the frit can be modified from a flat 
surface to a curved one. Gritti et al. 
suggested the use of conical columns 
instead of the currently-used cylindrical 
columns so the outlet frit diameter, 
and consequently the dispersion 
the frit causes, can be small (21).

As the scanning electron 
microscopic images demonstrate, the 
internal macroporous frit structure is 
heterogenous and disordered. In the 

near future, 3D-printing technology may 
offer a solution to this problem (1).
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FIGURE 11: Outlet frit of a 100 × 4.6-mm column packed with 5-µm fully porous 
particles.
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Troubleshooting 101: Some 
Essential Principles of 
Effective Troubleshooting
Dwight R. Stoll, LC Troubleshooting Editor

When we are focused on resolving a particular problem, it can be easy to lose sight of important steps in 
troubleshooting problems with liquid chromatography (LC) instruments. Taking a systematic and disciplined 
approach to troubleshooting can improve both the efficiency and effectiveness of our troubleshooting efforts.

In an upcoming instalment 
of “LC Troubleshooting,” I will 
focus—for the first time in this 
column—on troubleshooting topics 
specific to two-dimensional liquid 
chromatography (2D-LC) systems. 
These systems are inherently 
more complex than systems for 
conventional (one-dimensional) 
LC, with more components and 
ways for problems to arise. Given 
this complexity, troubleshooting 
problems in 2D-LC systems can 
be more challenging. As I’ve 
thought about how to approach 
this, it occurred to me that a 
review of some of the essential 
principles of troubleshooting would 
be instructive. At a minimum, 
a systematic and disciplined 
approach to troubleshooting 
challenging problems makes them 
easier to solve. This notion is 
not exclusive to troubleshooting 
problems with chromatography 
systems. Early in my career, an 
influential mentor frequently 
commented on the value of the 
training he received in the United 
States Army as an electronics 

technician when he applied that to 
his work as a field service engineer 
specializing in mass spectrometry 
systems. A casual look at training 
manuals for the Army reveals 
how much emphasis is placed 
on the value of a systematic 
approach for increasing both 
the effectiveness and efficiency 
of troubleshooting efforts (1).

One of the books I possess on 
the topic of troubleshooting is 
Troubleshooting LC Systems, by 
John Dolan and Lloyd Snyder (2). 
Given that it was published in 1989, 
a lot of the details related to how 
pumps, detectors, and injectors 
work are obsolete because LC 
technology has evolved so much 
over the past three decades. 
However, the content of chapter 
four of their book, “Principles 
of Troubleshooting,” is timeless, 
in my opinion. I encourage LC 
practitioners who are looking to 
expand their knowledge of LC and 
hone their troubleshooting skills 
to pick up a copy of this book, or 
a similar one. What follows in this 
instalment is a review of some of 

the key concepts of a systematic 
approach to troubleshooting, 
which are common to the book 
by Dolan and Snyder and other 
similar books on the topic. 

#1: One Thing at a Time
One of the most important 
principles in any systematic 
approach to troubleshooting is that 
in the problem-solving process, 
we should only change one thing 
at a time, observe the effect of 
that change, and then decide 
what to do next in response to 
the observed effects. This is an 
approach that is fundamentally 
different from changing several 
things simultaneously and hoping 
that at least one of the changes 
is beneficial (sometimes referred 
to as the shotgun approach). The 
problem with the latter approach 
is that if we change several 
things at once there is no way 
to know which of the changes 
is responsible for correcting the 
problem. The shotgun approach 
to troubleshooting is expensive 
because it leads to the replacement 
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of parts that are perfectly fine 
and not contributing to the 
problem. In addition, the shotgun 
approach does not lead to an 
understanding of the root cause 
of the problem. If the root cause 
is not understood, then we lose 
the opportunity to take steps 
to address the root cause, and 
potentially prevent future problems 
before they occur. An example is 
helpful to illustrate these points.

Example: Unexpectedly High 
Pressure Measured at the Pump
Seeing unexpectedly high pressure 
measured at the pump is a common 
problem in LC, encountered by 
inexperienced and experienced 
practitioners alike. A higher than 
normal pressure—provided the 
correct mobile phase, flow rate, 
and column are being used—is 
usually a result of some abnormal 
obstruction of the flow path, such 
as a partially blocked capillary 
or inline filter. Once the user is 
convinced that the observed 
pressure is higher than normal, the 
first question is: Which component 
of the system is the culprit? In a 
typical system, there might be five 
to eight different capillaries in the 
flow path between the pump outlet 
(where the pressure is measured) 
and the detector outlet, and one or 
more inline filters. In the shotgun 
approach, we would change all 
of the connection capillaries and 
inline filters at once, replacing each 
part with a new one. Depending 
on the type of capillaries in use, 
this could easily cost €400–€850 
(£400–£800). Doing so may resolve 
the obstruction and return the 
pressure to a more typical value. 
However, at this point, we would 
not know which of the capillaries 

or filters was obstructed, thus 
missing valuable information. 

If we instead take the 
one-at-a-time approach and check 
the pressure after each capillary 
is removed one at a time, starting 
from the downstream (detector) 
side of the flow path, we can clearly 
identify which capillary or filter is 
obstructed. This process not only 
localizes the repair or replacement 
that is needed, but may also yield 
clues about the root cause of the 
obstruction. For example, if we find 
that the capillary connected directly 
to the pump outlet is obstructed, 
it may be due to the pump seals 
shedding particulate material that 
accumulates in the capillary, or a 
badly contaminated bottle of mobile 
phase. If the needle seat capillary 
on the downstream side of the 
autosampler needle is obstructed, 
it may be due to samples that have 
particulate matter in them and need 
to be filtered. Finally, if we find that 
the inline filter downstream from 
the autosampler is obstructed, it 
may be due to shedding of seal 
material from a valve in the sampler.

The shotgun approach can be 
attractive because it is the most 
efficient approach to resolving a 
problem. Changing one part or 
variable at a time can consume 
an inordinate amount of time and 
analyst effort. In critical situations, 
we may not have the luxury of 
taking this time to really understand 
the problem. If the cost associated 
with changing many parts at once 
is not a concern, then doing so 
may be a viable approach even if 
we shortchange ourselves in the 
long run by not addressing the 
root cause of the problem that 
may lead to repeated problems 
of the same kind in the future.

#2: Do No Harm
Each laboratory has a slightly 
different approach to maintenance 
and repair of its instrumentation. 
On one end of this spectrum we 
have laboratories where every 
piece of equipment is covered by 
a service contract such that the 
laboratory staff are rarely asked to 
deal with performance problems. 
Rather, the instrument manufacturer 
or a third party specializing in 
such service is called upon to 
come in and address the problem 
quickly. On the other end of the 
spectrum, some laboratories 
don’t have any service contracts 
or warranties on their equipment, 
and do not have more than one of 
any particular piece of equipment. 
This is a particularly challenging 
environment for troubleshooting 
because spare parts are usually 
in short supply and the laboratory 
staff do not have a second 
instrument to use as a reference 
point when investigating unusual 
behaviour of a particular instrument. 

However, there is a middle 
ground worth discussing. Some 
laboratories have more than one of 
a particular make and model of an 
LC instrument. This is an important 
asset in the troubleshooting process 
because a functional instrument 
can serve as a reservoir of known 
working parts when troubleshooting 
another instrument of the same 
kind. However, discipline is 
important here in terms of how 
moving parts between instruments 
is handled. The principle is 
that parts that are “borrowed” 
temporarily from a working 
instrument for the purpose of 
troubleshooting another instrument 
should always be returned to 
the working instrument at the 
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conclusion of the troubleshooting 
exercise. If this practice is not 
followed, confusion can quickly 
proceed, especially if the process 
is not documented carefully. 

An example is instructive here. 
Suppose that the baseline signal of 
a UV detector suddenly becomes 
much noisier than is normally 
observed. There are multiple 
possible causes of this, including 
an aging deuterium lamp and 
dirty flow cell windows. There are 
multiple reasonable approaches to 
troubleshooting this problem, but 
if a similar instrument is nearby 
that has a working lamp with the 
same part number, then it is a 
simple and quick matter to move 
the good lamp from the working 
instrument to the instrument having 
the problem, and see if the noisy 
baseline is resolved. If the baseline 
improves, then this suggests that 
the lamp had reached the end of 
its life and should be replaced. At 
this point, we have a decision to 
make. Do we leave the lamp that we 
moved from the working instrument 
in place and install a new lamp in 
the instrument from which the used 
but working lamp was borrowed, 
or do we return the used lamp to 
the working instrument and install 
the new lamp in the instrument 
where the problem was originally 
observed? In this case, the best 
practice is to return the used lamp 
to the instrument from which it 
was borrowed. Being disciplined 
about this will minimize confusion 
that can occur in challenging 
troubleshooting exercises 
where multiple parts are moved 
between multiple instruments. 
Keeping parts with their “parent” 
instruments helps keep preventative 
maintenance schedules intact. 

#3: Drawers Are Not 
Repair Centres
One behaviour I’ve observed in 
many laboratories is that sometimes 
people are reluctant to throw 
away bad parts and components 
at the end of a troubleshooting 
exercise. For example, suppose 
that we have systematically worked 

to resolve a larger-than-normal 
pressure fluctuation observed with 
a pump. We first changed the inlet 
check valve, which did not solve 
the problem so we put the old one 
back in. Then, we changed the 
outlet check valve, and the pressure 
fluctuation problem went away. We 
can conclude from this observation 
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that the outlet check valve that 
was in the pump does not function 
properly. At this point, this failing 
part should be thrown away unless 
there is a clear path to actually 
fixing the part. In other words, 
simply putting the part in the drawer 
won’t fix it; rather, putting it in the 
drawer just creates a problem and 
questions for someone else to deal 
with later on. The function of check 
valves can occasionally be restored 
by sonicating them in isopropanol. 
However, what I sometimes see 
is that rather than addressing the 
problem with the part right away, it 
goes in a drawer, sometimes with a 
label that indicates it is a suspect 
or failing part, and sometimes not. 
Of course, not labelling the part 
as problematic is the worst case 
scenario because an unsuspecting 
analyst may happen across the 
part at some later time. If she 
uses the part in a troubleshooting 
exercise, she will be doomed to 
fail from the start because the part 
is not functional. This problem 
can be avoided entirely by being 
disciplined about discarding 
parts that have been shown to be 
bad in the process of a thorough 
and systematic troubleshooting 
investigation. One exception to 
this is a case where the part or 
assembly is expensive and can 
be returned to the manufacturer 
for repair or refurbishment 
rather than simply discarding 
the part or assembly entirely.

#4: Build Up Knowledge 
About Expected Behaviour
A first step in solving any problem 
with an instrument is recognizing 
that there is a problem or behaviour 
that does not look normal. Typically, 
establishing what normal behaviour 

looks like is accomplished using two 
different types or sets of methods. 
At the time of installation of the 
instrument, a set of operational 
qualification (OQ) and performance 
verification (PV) methods are 
run that demonstrate that the 
instrument meets or exceeds the 
manufacturer’s specifications for 
performance parameters such 
as flow rate accuracy, gradient 
composition accuracy and precision, 
and detector drift, for example. At 
the time of installation, we may find 
that the flow rate accuracy under 
the test conditions is 99.7%. This 
method can be rerun at any point 
when a problem related to flow 
rate is expected, to see how the 
performance compares to when the 
instrument was installed. Readers 
interested in learning more about 
these types of methods and tests 
are referred to the July 2020 
instalment of “LC Troubleshooting” 
where Tony Taylor and I wrote 
about these in more detail (3).

A second type of method that 
can be used to look at instrument 
behaviour over time is usually 
referred to as a system suitability 
test. Whereas the OQ and PV 
tests referred to above are set by 
the instrument manufacturer and 
don’t typically involve an actual 
separation (for example, the flow 
rate accuracy is evaluated without 
a column connected), a system 
suitability test is a method that 
involves conditions very close to 
the analysis at hand. Because 
this method will involve an actual 
separation, data on retention 
times (absolute times, as well as 
variability), peak shapes, and 
resolution values are typically 
recorded. Here again, this system 
suitability test can be run at any 

time (usually the frequency with 
which this is done is established as 
part of the method, or the laboratory 
culture) and the resulting values 
can be compared to previous 
system suitability test results to see 
if the current results look like they 
are out of line. Readers interested 
in learning more about this type 
of test are referred to previous 
instalments of “LC Troubleshooting”, 
such as reference (4).

#5: Documentation  
Helps in the Long Run
The details of any troubleshooting 
exercise should always be recorded 
in a laboratory notebook or logbook 
associated with the instrument. 
However, there are two aspects 
here that I think are noteworthy. 
First, tracking changes of commonly 
changed parts such as pump seals, 
valve rotor seals, and UV lamps 
can help assess the likelihood 
of failure in the future when one 
of these parts is suspected as 
being the cause of a problem. For 
example, if I change the seals in 
a pump today and then observe 
a leak from the pump two years 
from now, I would say that it is a 
strong possibility that the seals are 
the source of the leak given their 
age, and should be changed, but I 
would only be able to come to this 
conclusion if I had documented the 
prior change of the seals so that I 
can look in the record later on and 
see when the change occurred. In 
other words, documenting changes 
today will make troubleshooting 
new problems easier in the future. 
Second, there are many ways 
for things to go wrong with LC 
instruments and many times the 
observed problem appears to 
be truly unique. Given enough 
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time and work experience with enough instruments, 
we can start to observe the same problem multiple 
times. Carefully documenting troubleshooting 
exercises over time facilitates accumulation of 
local knowledge about particular problems that are 
commonly observed with each instrument’s make and 
model as well as known solutions to those problems.

#6: Know When to Ask for Help
As discussed above, different laboratories can have 
very different cultures and expectations with respect 
to instrument maintenance and repair. In some cases 
analysts are asked not to attempt any repairs at all, and 
all of this work is handled by a third party contractor. 
In other cases analysts are expected to solve all but 
the most difficult problems on their own, with the 
resources in the laboratory. This approach has limits, 
of course, and increasingly modern instruments are 
becoming less and less approachable when it comes 
to troubleshooting. User and service manuals are not 
as detailed as they were in the past, and users are 
provided with less guidance from manufacturers about 
potential solutions that can be explored when a problem 
of a particular type is encountered. The circumstances 
surrounding many troubleshooting exercises are 
unique, and thus it is difficult to provide general advice 
about when to reach out for professional help. If all of 
the troubleshooting guidance available to you in the 
manual for your instrument has been exhausted and 
you still don’t have a solution to the problem, don’t 
hesitate to reach out for help from the manufacturer’s 
service organization. Their intimate knowledge of their 
systems can enable quick solutions to problems that 
appear insurmountable to us. At some point leveraging 
the expertise of the manufacturer—though it may be 
expensive to do so—is the best option to solve the 
problem quickly and get back to analyzing your samples.

Summary
In this instalment of “LC Troubleshooting”, I have 
discussed some of the essential principles of a 
systematic approach to troubleshooting problems 
with LC instruments. On their own, each of them is 
conceptually straightforward and easy to implement in 
practice. However, taken together, and with practice, 
incorporating these ideas into your troubleshooting 
approach will improve both the efficiency and 
effectiveness of your troubleshooting work. 
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LCGC sat down with three specialists from Agilent Technologies to discuss the 
challenges in accessing instrument utilization data and how Agilent’s CrossLab 
programs advance lab operations by simplifying workflows, optimizing processes, 

achieving data-integrity requirements, minimizing regulatory risk, and more.

LCGC: What constitutes laboratory excellence 
in your opinion, and how does Agilent help 
customers achieve laboratory excellence?

Charles van Dortmond: In the past, labora-
tories only focused on scientific outcomes. 
Nowadays, we need to run our laboratory like 
a business. And therefore, laboratory excellence 
means you can do more while reducing costs, 
ensuring everything runs OK, complying to 
ever more stringent regulations, and at the 
same time outperform your competition.

It sounds straightforward, but it is not 
an easy thing to accomplish. The Agilent 
CrossLab Enterprise Services program 
is all about helping laboratories become 
more efficient, productive, and ultimately 
achieve laboratory excellence, both from 
the scientific and business perspective.

LCGC: Can you elaborate on the philosophy 
behind the CrossLab Enterprise Services 
program?

Van Dortmond: In short, the philosophy behind 
this program is to provide our customers with 
insights that form the basis of improvement 
projects and that will help them advance 
toward laboratory excellence. To ensure 
customers get the most out of the program, 
we work collaboratively and proactively to 
provide observations and insights, and from 
these insights, we, in close collaboration with 
the customer, start to design improvement 

tracks. It is our experience that a collaborative 
approach brings the most value to our 
customers. This program is not exclusive to 
Agilent instruments—it is a lab-wide vendor 
agnostic program, so it covers all instruments.

LCGC: How does managed services work, 
and what do customers get out of it?

Van Dortmond: In addition to the instruments 
that Agilent engineers already service, there 
are other instruments and equipment in the 
laboratory that need attention, including general 
equipment such as balances and pipettes 
and high-end instruments such as electron 
scanning microscopes—only the original 
equipment manufacturer (OEM) touches 
these instruments. As a service provider, we 
manage all these parties; we negotiate and 
purchase service contracts on behalf of our 
customers. We schedule and communicate the 
maintenance deployments, and we also pay all 
the vendors involved. If needed, we can also 
provide additional sourcing and services such 
as consolidation projects or vendor evaluation.

LCGC: Can you give examples of value-added 
solutions with the CrossLab Enterprise 
Services program?

Van Dortmond: For customers that need 
instrument qualifications such as installation 
qualification (IQ), operational qualification 
(OQ), or repair qualification (RQ), we offer a 
paperless solution that ensures the highest 

Learn how to advance lab operations, minimize compliance 
risk, and why access to instrument utilization data is critical 
for lab optimization. 

level of data integrity and adherence to the redefined United 
States Pharmacopeia (USP) 1058 guidelines. We also have 
the Smart Alerts software that monitors the instrument 
health and provides alerts and warnings. 

Our flagship CrossLab Asset Monitoring is also a lab-
wide solution that obtains true utilization data from the 
instruments. This data is the basis for our dashboards that 
provide insights from which data-driven decisions can be 
made in regard to optimizing the laboratory, deciding which 
instruments to remove, which need to be replaced, etc.

LCGC: What was the impact of the 2017 revision of USP 
chapter 1058 for end-users of analytical instruments?

Garry Wright: There is now more responsibility on the end-
user of analytical instruments to design and implement 
robust qualification programs based on their intended 
use. The 2017 revision states that end-users must define 
their user requirement specifications (URS) based on their 
intended use and ensure the user requirements are tested 
during the OQ phase of the qualification lifecycle. 

LCGC: What are the most common problems with instrument 
qualification programs within regulated companies? 

Wright: Some of the most common problems include a 
general lack of awareness of the revision to chapter 1058; 
not having URS defined and in-place; being reliant on 
vendors standard protocols; the range of use is not tested 
during the OQ phase, therefore operating outside of the 
qualified range of the instrument, which creates compliance 
risk; qualification programs are still delivered on paper 
via Excel or hybrid systems, which creates increased 
data integrity risk; and historic qualification programs are 
delivered, but the user requirements have changed and 
the qualification program is not fit for purpose.

LCGC: How can Agilent assist companies with their instrument 
qualification programs using CrossLab Compliance services?

Wright: Agilent’s CrossLab portfolio offers a range of 
services, including repair, preventative maintenance, IQ, 
OQ, and RQ across hardware and software platforms 
from Agilent and all major vendors. We deliver these 
services using a compliance tool, Automated Compliance 
Engine (ACE)—a vendor agnostic tool designed to deliver 
compliance services into regulated laboratories using 
a fully secure and validated electronic workflow that 
provides end-to-end traceability, therefore meeting the 
latest regulatory and data integrity requirements. 

LCGC: How can Agilent support regulated companies with 
compliance challenges outside of instrument qualification 
using CrossLab Compliance services?

Wright: Agilent has invested in a team of compliance subject 
matter experts (SME) that have extensive knowledge and 
experience of operating within regulated laboratories. 
We offer compliance consulting services as part of the 
CrossLab portfolio that assists our customers with any 
compliance challenge they may be facing. The range of 

compliance consulting services we offer includes GxP 
and data integrity training, risk assessments, gap analysis, 
and mock inspections to computer system validation and 
custom procedure in writing. 

LCGC: How does having access to instrument utilization 
data help in the laboratory space?

Greg Stevens: There is a natural tendency to link instrument 
utilization with maintenance, which is part of the asset lifecycle, 
but it’s not the only part. As an example, a preventative 
maintenance strategy for usage-base maintenance requires 
access to utilization, but beyond maintenance, in light of the 
asset lifecycle, there are utilization data inputs that we can make 
into the planning and acquisition or purchasing of instruments, 
as well as the maintenance and operation phases, and finally 
the disposal. Therefore, having access to that data in the 
context of purchasing means you can look at your current 
capacity and determine whether the purchase is valid. You 
then follow that through the lifecycle to the end where disposal 
might not be directly impacted by having utilization data but 
having data that incorporates the whole lifecycle of the asset is 
key and then making decisions on future purchases.

LCGC: Does the customer market focus, for example 
pharmaceuticals, determine the value that can be achieved 
in having access to this data? 

Stevens: Different market segments have different focus 
areas. For example, an R&D lab in pharma might utilize their 
instruments differently from a contract organization. But one 
thing all market segments have in common is a need to plan 
their asset lifecycle management effectively to ensure they 
meet their end goal. And having access to instrument utilization 
data is key to making better decisions throughout the lifecycle. 

Flexibility in how to purchase instruments, such as leasing 
subscription models in addition to capital expenditure, 
will be more prevalent in the market. Having access to 
utilization data in these scenarios will be a key metric in 
making decisions about a customer install base.

LCGC: How does Agilent overcome the challenges that 
customers face when trying to access instrument 
utilization data?

Stevens: Agilent CrossLab Asset Monitoring applies sensor 
technology that allows us to monitor instrument utilization on 
a lab-wide basis. We have technology that pulls the utilization 
data from the instruments and normalizes it. As a customer, you 
have access to raw statistical data about utilization in addition 
to key analytics on specific areas such as fleet balancing, 
workflow analysis, and the ability to set up utilization targets on 
specific instruments, workflows, or locations.

We also assign program managers to all our asset monitoring 
engagements. They support and guide the customers with 
data, and they also apply their industry experience and 
insights based upon what they see in that data. As a result, 
outcomes reveal opportunities, risk, potential, etc.

http://www.agilent.com
http://www.agilent.com
http://www.spectroscopyonline.com
http://www.chromatographyonline.com
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LCGC sat down with three specialists from Agilent Technologies to discuss the 
challenges in accessing instrument utilization data and how Agilent’s CrossLab 
programs advance lab operations by simplifying workflows, optimizing processes, 

achieving data-integrity requirements, minimizing regulatory risk, and more.

LCGC: What constitutes laboratory excellence 
in your opinion, and how does Agilent help 
customers achieve laboratory excellence?

Charles van Dortmond: In the past, labora-
tories only focused on scientific outcomes. 
Nowadays, we need to run our laboratory like 
a business. And therefore, laboratory excellence 
means you can do more while reducing costs, 
ensuring everything runs OK, complying to 
ever more stringent regulations, and at the 
same time outperform your competition.

It sounds straightforward, but it is not 
an easy thing to accomplish. The Agilent 
CrossLab Enterprise Services program 
is all about helping laboratories become 
more efficient, productive, and ultimately 
achieve laboratory excellence, both from 
the scientific and business perspective.

LCGC: Can you elaborate on the philosophy 
behind the CrossLab Enterprise Services 
program?

Van Dortmond: In short, the philosophy behind 
this program is to provide our customers with 
insights that form the basis of improvement 
projects and that will help them advance 
toward laboratory excellence. To ensure 
customers get the most out of the program, 
we work collaboratively and proactively to 
provide observations and insights, and from 
these insights, we, in close collaboration with 
the customer, start to design improvement 

tracks. It is our experience that a collaborative 
approach brings the most value to our 
customers. This program is not exclusive to 
Agilent instruments—it is a lab-wide vendor 
agnostic program, so it covers all instruments.

LCGC: How does managed services work, 
and what do customers get out of it?

Van Dortmond: In addition to the instruments 
that Agilent engineers already service, there 
are other instruments and equipment in the 
laboratory that need attention, including general 
equipment such as balances and pipettes 
and high-end instruments such as electron 
scanning microscopes—only the original 
equipment manufacturer (OEM) touches 
these instruments. As a service provider, we 
manage all these parties; we negotiate and 
purchase service contracts on behalf of our 
customers. We schedule and communicate the 
maintenance deployments, and we also pay all 
the vendors involved. If needed, we can also 
provide additional sourcing and services such 
as consolidation projects or vendor evaluation.

LCGC: Can you give examples of value-added 
solutions with the CrossLab Enterprise 
Services program?

Van Dortmond: For customers that need 
instrument qualifications such as installation 
qualification (IQ), operational qualification 
(OQ), or repair qualification (RQ), we offer a 
paperless solution that ensures the highest 
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level of data integrity and adherence to the redefined United 
States Pharmacopeia (USP) 1058 guidelines. We also have 
the Smart Alerts software that monitors the instrument 
health and provides alerts and warnings. 

Our flagship CrossLab Asset Monitoring is also a lab-
wide solution that obtains true utilization data from the 
instruments. This data is the basis for our dashboards that 
provide insights from which data-driven decisions can be 
made in regard to optimizing the laboratory, deciding which 
instruments to remove, which need to be replaced, etc.

LCGC: What was the impact of the 2017 revision of USP 
chapter 1058 for end-users of analytical instruments?

Garry Wright: There is now more responsibility on the end-
user of analytical instruments to design and implement 
robust qualification programs based on their intended 
use. The 2017 revision states that end-users must define 
their user requirement specifications (URS) based on their 
intended use and ensure the user requirements are tested 
during the OQ phase of the qualification lifecycle. 

LCGC: What are the most common problems with instrument 
qualification programs within regulated companies? 

Wright: Some of the most common problems include a 
general lack of awareness of the revision to chapter 1058; 
not having URS defined and in-place; being reliant on 
vendors standard protocols; the range of use is not tested 
during the OQ phase, therefore operating outside of the 
qualified range of the instrument, which creates compliance 
risk; qualification programs are still delivered on paper 
via Excel or hybrid systems, which creates increased 
data integrity risk; and historic qualification programs are 
delivered, but the user requirements have changed and 
the qualification program is not fit for purpose.

LCGC: How can Agilent assist companies with their instrument 
qualification programs using CrossLab Compliance services?

Wright: Agilent’s CrossLab portfolio offers a range of 
services, including repair, preventative maintenance, IQ, 
OQ, and RQ across hardware and software platforms 
from Agilent and all major vendors. We deliver these 
services using a compliance tool, Automated Compliance 
Engine (ACE)—a vendor agnostic tool designed to deliver 
compliance services into regulated laboratories using 
a fully secure and validated electronic workflow that 
provides end-to-end traceability, therefore meeting the 
latest regulatory and data integrity requirements. 

LCGC: How can Agilent support regulated companies with 
compliance challenges outside of instrument qualification 
using CrossLab Compliance services?

Wright: Agilent has invested in a team of compliance subject 
matter experts (SME) that have extensive knowledge and 
experience of operating within regulated laboratories. 
We offer compliance consulting services as part of the 
CrossLab portfolio that assists our customers with any 
compliance challenge they may be facing. The range of 

compliance consulting services we offer includes GxP 
and data integrity training, risk assessments, gap analysis, 
and mock inspections to computer system validation and 
custom procedure in writing. 

LCGC: How does having access to instrument utilization 
data help in the laboratory space?

Greg Stevens: There is a natural tendency to link instrument 
utilization with maintenance, which is part of the asset lifecycle, 
but it’s not the only part. As an example, a preventative 
maintenance strategy for usage-base maintenance requires 
access to utilization, but beyond maintenance, in light of the 
asset lifecycle, there are utilization data inputs that we can make 
into the planning and acquisition or purchasing of instruments, 
as well as the maintenance and operation phases, and finally 
the disposal. Therefore, having access to that data in the 
context of purchasing means you can look at your current 
capacity and determine whether the purchase is valid. You 
then follow that through the lifecycle to the end where disposal 
might not be directly impacted by having utilization data but 
having data that incorporates the whole lifecycle of the asset is 
key and then making decisions on future purchases.

LCGC: Does the customer market focus, for example 
pharmaceuticals, determine the value that can be achieved 
in having access to this data? 

Stevens: Different market segments have different focus 
areas. For example, an R&D lab in pharma might utilize their 
instruments differently from a contract organization. But one 
thing all market segments have in common is a need to plan 
their asset lifecycle management effectively to ensure they 
meet their end goal. And having access to instrument utilization 
data is key to making better decisions throughout the lifecycle. 

Flexibility in how to purchase instruments, such as leasing 
subscription models in addition to capital expenditure, 
will be more prevalent in the market. Having access to 
utilization data in these scenarios will be a key metric in 
making decisions about a customer install base.

LCGC: How does Agilent overcome the challenges that 
customers face when trying to access instrument 
utilization data?

Stevens: Agilent CrossLab Asset Monitoring applies sensor 
technology that allows us to monitor instrument utilization on 
a lab-wide basis. We have technology that pulls the utilization 
data from the instruments and normalizes it. As a customer, you 
have access to raw statistical data about utilization in addition 
to key analytics on specific areas such as fleet balancing, 
workflow analysis, and the ability to set up utilization targets on 
specific instruments, workflows, or locations.

We also assign program managers to all our asset monitoring 
engagements. They support and guide the customers with 
data, and they also apply their industry experience and 
insights based upon what they see in that data. As a result, 
outcomes reveal opportunities, risk, potential, etc.

http://www.agilent.com
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In the present research, similar chromatography fingerprints were obtained using finely-tuned cryogenic-modulation 
(CM) and flow-modulation (FM) comprehensive two-dimensional gas chromatography–mass spectrometry (GC××GC–
MS) experimental conditions. The CM applications were carried out by using a loop-type modulator while the FM 
ones were performed using a seven-port wafer chip. The CM GC××GC–MS column combination consisted of a 
low-polarity 30 m × 0.25 mm i.d. × 0.25-μm df column and a mid-polarity 1.5 m × 0.25 mm i.d. × 0.25-μm df one. With 
regard to the FM GC××GC–MS column combination, the same stationary phases were used, coated on a 20 m × 
0.18 mm i.d. × 0.18-μm df column and a 5 m × 0.32 mm i.d. × 0.25-μm df one. A mixture of 64 cosmetic allergens was 
employed to measure different chromatography parameters, such as peak widths, resolution, and signal-to-noise 
ratios. It is noteworthy that the FM combination of columns has been proposed as a standard column set, and 
the results herein reported confirm those previously attained (on a sample of bio-oil) in recent research.

Comprehensive two-dimensional gas 
chromatography (GC×GC) has been 
a fixture in separation science for 30 
years, with the first paper published 
in 1991 (1). The great strength of 
this technique is the generation of 
a two-dimensional (2D) separation 
space, exploiting the presence of two 
columns with different stationary phases, 
and a modulator (2). The hundreds, if 
not thousands, of peaks observed in 
GC×GC separations makes the use of 
mass spectrometry (MS) mandatory.

Over the last two decades, several 
modulators have been developed, with 

these divided into two large families 
according to the operational principle, 
namely thermal and valve-based 
modulators (3). Thermal modulation is 
based on the use of low temperatures 
to trap and focus analytes eluted from 
the first-dimension (1D) column and high 
temperatures to reinject them onto the 
second-dimension (2D) column. Thermal 
modulators can be further divided 
into sub-categories, with cryogenic 
modulation (CM) being by far the most 
popular method. Further description of 
thermal modulators would be outside 
the scope of the present paper (3). 

Valve-based modulators use an 
auxiliary pressure source for analyte 
transfer from the 1D column to the 
2D one. The valve can be linked 
directly or indirectly to the 1D and 2D 
columns. Consequently, valve-based 
modulators can be divided into 
subcategories as well (3). 

In the present research, dual-jet 
loop-type CM was used while 
flow-modulation (FM) was performed by 
employing a seven-port wafer chip. The 
former approach employs a closed cycle 
refrigerator–heat exchanger to produce 
a −90 °C cold jet (eliminating the need 
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for liquid nitrogen), and resistance 
heating to produce the hot jet (4). By 
using a delay loop (a segment of column 
coiled twice at the point of intersection 
of the hot and cold jets), it is possible 
to carry out dual-stage modulation 
employing only two jets (5). On the other 
hand, FM was carried out by using 
a seven-port wafer chip with internal 
micro-channels and an accumulation 
loop (6,7); such an FM method stems 
from an approach introduced in 2006 (8).

In a previous investigation, very 
similar chromatography fingerprints 
were obtained on a sample of coconut 
bio-oil by using finely-tuned FM 
and CM GC×GC–MS experimental 
conditions (7). The aim of the present 
research was to confirm the results 
attained previously on an entirely 
different type of sample, namely a 
mixture of 64 cosmetic allergens.

Experimental
Standard Compounds and 

Sample Preparation

Two solutions containing 24 (fragrance 
allergen mix A1) and 40 (fragrance 
allergen mix A2) contact allergens (Table 
1) were provided by Merck Life Science 
(Merck KGaA). The two solutions were 

mixed and diluted with methyl tert-butyl 
ether to a concentration of 10 mg/L. 
Instrumentation

Cryogenic-modulation GC××GC–MS
The CM analyses were performed on 
a GC×GC–MS system (Shimadzu) 
consisting of two independent 
(GC2010) gas chromatographs, a 
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FIGURE 1: Schemes of the cryogenic and flow modulators used in the present research.
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TABLE 1: Information related to compound identity, MS similarities, peak widths at half height, and signal-to-noise ratios in the CM and FM analyses. 
Average values of the data listed in the columns are reported on the last line and are in italics. (continued...)

Peak Compound
MS Similarity % Wh (ms) S/N

CM FM CM FM CM FM

1 α-Pinene 97 94 140 170

2 Benzaldehyde 97 94 190 210 302 41

3 β-Pinene 96 95 150 160

4 α-Terpinolene 96 92 140 170

5 Limonene 97 92 140 180

6 Benzyl alcohol 96 82 200 270

7 Salicylaldehyde 95 86 210 240

8 Terpinolene 95 94 150 160 901 262

9 Linalool 96 87 150 180 708 123

10 Camphor 96 95 190 180

11 Menthol 96 94 160 180

12 Methyl-2-octynoate 95 93 150 210

13 α-Terpineol 95 88 170 200 486 149

14 Methyl salicylate 91 83 200 260

15 Citronellol 96 92 150 190

16 Neral 96 85 170 190

17 Linalyl acetate 96 87 140 150

18 Geraniol 95 81 150 190

19 Carvone 96 93 180 190 382 112

20 Geranial 94 86 180 240

21 Cinnamaldehyde 95 83 220 440

22 Hydroxycitronellal 95 82 160 210

23 Anise alcohol 94 84 180 320

24 Trans-anethole 97 96 210 200 297 116

25 Cinnamyl alcohol 97 84 210 490

26 Dimethylbenzylcarbinyl acetate 94 81 160 170 530 232

27 Eugenol 93 88 180 220

28 Geranyl acetate 96 87 150 170

29 δ-Damascone 96 96 170 170

30 β-Damascone 94 91 170 180

31 α-Damascone 95 95 160 170

32 Vanillin 97 88 230 280

33 β-Damascone 96 92 160 180

34 Trimethyl-benzenepropanol 94 89 170 240

35 β-Caryophyllene 96 95 160 150

36 Ebanol 1 94 91 150 180

37 Ebanol 2 93 93 160 180

38 Isoeugenol 92 84 200 210

39 Coumarin 94 90 260 290

40 α-Isomethylionone 93 91 160 170 523 252

41 Eugenyl acetate 93 92 180 200

42 Butylphenyl methylproponial 90 91 180 180

Continued on Page 516
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cryogenic loop-type modulator, and a 
single quadrupole mass spectrometer 
(GCMS-QP2020). The first GC 
instrument was equipped with an 
AOC-20i auto-injector and a split-
splitless injector (280 °C). The injected 
volume was 1.7 μL, at a split ratio of 10:1. 

The first dimension, a SLB-5ms 
(SLB-5ms silphenylene polymer with 

similar polarity to poly [5% diphenyl:95% 
dimethyl siloxane]) 30 m × 0.25 mm 
i.d. × 0.25-µm df, was connected to a 
1.5 m × 0.18 mm i.d. uncoated capillary 
column, used as a delay loop. The 
loop was then connected to a 1.5 m × 
0.25 mm i.d. × 0.25-µm df SLB-35ms 
proprietary polymer with similar 
polarity to poly (35% diphenyl:65% 

dimethyl siloxane) second-dimension 
column. The column-loop connections 
were made using two Trajan SilTite 
mini-unions (Ringwood). The GC 
conditions were as follows: The 
temperature program was 50–330 °C 
at 6 °C/min (in both GC ovens). 

Meanwhile, the carrier gas (He) 
conditions were as follows: Constant 
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FIGURE 2: Two cryogenically-modulated GC×GC–MS chromatogram expansions of 64 allergens. Peak identity can be found in Table 1.
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average linear velocities of about 18.5, 
80.4, and 103.9 cm/s, were generated in 
the first dimension, the delay loop, and 
the second dimension, respectively. 

Modulation was carried out using a 
liquid nitrogen free chiller unit Zoex ZX2 
(under license from Zoex Corporation). The 
modulation period was 4000 ms, with a 
hot pulse (280 °C) duration of 200 ms. 

For the MS conditions, the sample 
was analyzed in the scan mode (electron 
ionization at 70 eV) using a mass range 
of 45–360 m/z, and a spectra generation 
frequency of 33 Hz. The interface and 
ion source temperatures were 250 °C. 
The data was collected using the GCMS 
Solution software (Shimadzu). Data 
processing was performed in both 
CM and FM applications using the 

ChromSquare software v. 2.3 (Shimadzu). 
The mass spectral database used 
was the FFNSC 3.0 (Shimadzu).

Flow-Modulation GC××GC–MS
The FM applications were carried out on 
a single-oven Shimadzu GCMS-TQ8040 
system. The GC instrument was equipped 
with an AOC-20i auto-injector and a split-
splitless injector (280 °C). The injected 
volume was 1.7 μL at a split ratio of 10:1. 

The 1D column was an SLB–5 ms 20 
m × 0.18 mm i.d. × 0.18-µm df, while an 
SLB-35ms 5 m × 0.32 mm i.d. × 0.25-µm df 
column was used as 2D. The columns were 
heated by using the same temperature 
program as in the CM applications.

Modulation was performed by using a 
7-port wafer chip. The 7-port wafer chip 

was located inside the GC oven and was 
connected to a three-way solenoid valve 
using two symmetric 1.07 m stainless 
steel tubings of dimensions 0.97 m × 
0.51 mm i.d. + 0.10 m × 0.25 mm i.d. The 
gas flow was supplied to the solenoid 
valve through an auxiliary pressure 
control (APC) unit. The modulator loop 
(stainless steel) was of dimensions 40 
cm × 0.51 mm i.d. (volume = 78.6 μL). 
The seventh port was blocked (used 
for a second detector, if necessary). 

The carrier gas (He) had the following 
conditions: the average 1D gas velocity 
was 12.3 cm/s with the gas flow being 
approximately 0.24 mL/min (injection 
pressure: ≈ 61 kPa) and 0.20 mL/min 
(injection pressure: ≈155 kPa) at the 
beginning and at the end of the analysis, 

TABLE 1: (continued) Information related to compound identity, MS similarities, peak widths at half height, and signal-to-noise ratios in the CM and 
FM analyses. Average values of the data listed in the columns are reported on the last line and are in italics

Peak Compound
MS Similarity % Wh (ms) S/N

CM FM CM FM CM FM

43 Amyl salicylate 94 93 180 190

44 3-Propylidene phthalide 95 94 220 240 163 59

45 Isoeugenyl acetate 94 92 180 210

46 α-Amylcinnamaldehyde 95 93 190 210 332 147

47 Lyral minor 88 81 190 220

48 ISO E (γ) 82 92 170 210

49 Lyral major 93 86 190 200

50 ISO E (β) 85 85 200 180

51 α-Santalol 95 88 220 200

52 α-Amylcinnamyl alcohol 92 82 200 280

53 ISO E (α) 90 82 200 240

54 Trans,trans-farnesol 94 85 160 190

55 α-Santalol 94 87 180 190 544 67

56 α-Hexylcinnamaldehyde 94 92 180 220 622 99

57 Benzyl benzoate 95 95 210 240

58 α-Acetyl cedrene 94 89 180 200

59 +60 Galaxolide (1+2) 93 86 220 170

61 Benzyl salicylate 96 91 220 230 340 22

62 Hexadecanolact-16-one 94 93 180 180

63 Benzyl cinnamate 94 90 250 270 183 35

64 Sclareol 92 85 210 200 278 32

Average 94 89 181 213 439 117

Continued from Page 514
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respectively. Loop gas velocity was 
about 1.9 cm/s during accumulation 
and approximately 68.0 cm/s during 
reinjection. The average 2D gas velocity 
was approximately 257 cm/s with the 
gas flow being approximately 8.4 mL/
min (re-injection pressure: ≈13 kPa) 
and 7.1 mL/min (re-injection pressure: 
≈79 kPa), at the beginning and at the 
end of the analysis, respectively. 

The modulation period was 4000 ms, 
with a reinjection period of 400 ms.

The sample was analyzed in the 
scan mode (electron ionization at 70 
eV) using a mass range of 45–360 m/z, 
and a spectra generation frequency 
of 33 Hz. The interface and ion source 
temperatures were set to 250 °C. 

Results and Discussion
In previous research, very similar CM 
GC×GC–MS and FM GC×GC–MS 
chromatography performance was 
attained by finely tuning the experimental 
conditions. These applications involved a 
sample of coconut fibre bio-oil and were 
carried out by using a single quadrupole 
(CM) and a triple quadrupole (FM) mass 
spectrometer, both in scan mode (7). It is 
noteworthy that the ion sources were the 
same in both MS instruments. Moreover, 
the first quadrupole and the collision cell 
in the triple quadrupole system were 
operated only as “fly through” zones, 
while the operational conditions of the 
second quadrupole were the same as 
those used in the single quadrupole MS 
instrument. The same MS systems have 
been used in the present investigation.

The main objective of this study 
is to confirm the results attained 
previously on an entirely different type 
of sample, namely a 10 mg/L mixture 
of cosmetic allergens (Table 1). The 
injection conditions, temperature 
program, types of stationary phases, 
and modulation period (4000 ms) were 
the same in the CM and FM methods. 

CM GC××GC–MS Method

The CM GC×GC–MS instrument was 
operated in the constant average linear 
velocity (CALV) mode: the 1D (low polarity, 
30 m × 0.25 mm i.d. × 0.25-µm df) CALV 
was approximately 18.5 cm/s, leading 
to a void time of about 162 s. The delay 
loop (1.5 m × 0.18 mm i.d.) gas velocity 
was approximately 80 cm/s, enabling 
a dual-stage modulation process. The 
2D (mid-polarity, 1.5 m × 0.25 mm i.d. × 
0.25-µm df) CALV was about 100 cm/s, 
leading to a void time of approximately 
1.4 s (Figure 1). The phase ratio of 
both analytical columns was ≈250.

The CM GC×GC–MS result is shown in 
Figure 2, which contains two wrap-around 
corrected chromatogram expansions to 
better visualize the 2D separation. The 1D 
retention time window in Figure 2 is equal to 
approximately 27 min, or 405 modulations. 
Considering that the 2D column, if operated 
under ideal chromatography conditions, 
could generate about 6000 theoretical 
plates (N) (9), then this would lead to a 
potential overall N value of 2,430,000  
(405 × 6000). The N value of the 1D column 
is not considered in such a calculation.

FM GC××GC–MS Method

The FM GC×GC–MS system was operated 
as follows: The 1D (20 m × 0.18 mm i.d. 
× 0.18-µm df) CALV was approximately 
12.3 cm/s, leading to a void time of about 
163 s (very similar to that of the CM 
method). The accumulation loop (40 cm 
× 0.51 mm i.d.) gas velocity conditions 
enabled two phases of accumulation 
and reinjection, resulting a dual-stage 
process—two accumulation and two 
re-injection processes. The 2D (5 m × 
0.25 mm i.d. × 0.32-µm df) CALV was 
about 260 cm/s, leading to a void time of 
approximately 1.9 s. The phase ratios of 
the 1D and 2D columns were ≈250 and 
≈320, respectively. The slightly higher 2D 
void time in the FM method was, in part, 
counterbalanced by the higher column 
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phase ratio, leading to a decrease in 
retention factors. The 7-port wafer chip 
was characterized by five ports on the 
front and two on the back for connections 
to the solenoid valve (Figure 1).

The FM GC×GC–MS result is shown 
in Figure 3, which again contains two 
wrap-around corrected chromatogram 
expansions. The 1D retention time 
window is the same as that observed 
in the CM analysis. Considering that 
the 2D column, if operated under ideal 
chromatography conditions, could 
generate circa 15,600 N (9), then this 
would lead to a potential overall N value 
of 6,318,000. Again, the efficiency of 
the 1D column is not considered.

Comparison of the CM and FM Results

A side-by-side measurement between 
MS similarities, peak widths at half 
height, and signal-to-noise (S/N) ratios 
of both systems were made, with 
the results reported in Table 1. 

The MS similarity, in both cases, is 
always higher than 80%, ranging between 
82 and 97% for the CM system (with an 
average value of 94%), and between 
81 and 96% for the FM system (with 
an average value of 89%). The higher 
values obtained in the CM analysis 
are due to the higher S/N values. In 
fact, cryogenic modulation enables 
the 2D injection of very narrow analyte 
bands, leading to enhanced sensitivity. 

The average peak widths at 
half height were 181 ms (ranging 
between 140–260 ms) for the CM 
system, and 213 ms (ranging between 
150–490 ms) for the FM one. 

The S/N values in Table 1, relative 
to 15 allergens, were the average 
values derived from three consecutive 
analyses. As expected, S/N values 
were always higher in the CM analysis, 
with an overall average increase by 
a factor of 3.8 (439 against 117). 

First dimension retention times were 
similar, albeit slightly lower in the CM 
analysis: for 11 compounds (distributed 
over six pairs) spanning the chromatogram, 
the minimum and maximum differences 

TABLE 2: Information related to 1D retention times (1tR), 2D retention times (2tR) and related k values, N and resolution values (Rs) for six couples of 
compounds. The average N and Rs values are reported on the last line

Compound CM FM
1tR (min) 2tR (s) k N Rs

1tR
2tR k N Rs

13. α-Terpineol 15.845 4.27 2.0 3495 0.8 16.099 3.55 0.8 1745 0.8

14. Methyl salicylate 15.845 4.54 2.1 2855 16.099 3.88 1.0 1234

23. Anise alcohol 18.045 5.11 2.5 4465 1.5 18.233 4.6 1.4 1145 1.4

24. Trans-anethole 18.045 4.6 2.2 2658 18.299 3.94 1.0 2150

37. Ebanol 2 21.778 4.12 1.9 3673 2.7 21.966 3.49 0.8 2083 2.6

38. Isoeugenol 21.778 4.93 2.4 3366 21.966 4.36 1.2 2388

38. Isoeugenol 21.778 4.93 2.4 3366 2.4 21.966 4.36 1.2 2388 2.5

39. Coumarin 21.778 5.86 3.1 2814 21.966 5.41 1.7 1928

51. α-Santalol 26.511 4.57 2.2 2391 0.8 26.699 3.97 1.0 2183 0.6

52.  α-Amylcinnamyl alcohol 26,511 4.87 2.4 3285 26.766 4.21 1.2 1252

57. Benzyl benzoate 28.311 5.44 2.8 3718 2 28.499 4.81 1.5 2225 1.9

58. α-Acetyl cedrene 28.311 4.78 2.3 4380 28.633 4.06 1.1 2283

Average 3372 1.7 1917 1.6
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FIGURE 3: Two flow-modulated GC×GC–MS chromatogram expansions of 64 allergens. Peak identity can be found in Table 1.
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were 11.3 and 19.3 s, respectively 
(Table 2). Such retention time differences 
caused 1D minimum and maximum 
elution temperature differences of about 
1.1 and 1.9 °C, respectively (for the 
eleven compounds). Combining such a 
factor (increasing CM 2D retention), with 
the lower CM 2D column phase ratio 
(increasing retention) and the lower CM 
2D void time (reducing retention times), 
lead to a general increase in CM 2D 
retention times. Again, considering the 11 
compounds, the minimum and maximum 
differences were 0.47 and 0.72 s, 
respectively, leading to an increase in 
retention factor (k) values of just over 
a unit in the CM analysis (Table 2). 

Plate numbers were also calculated 
and were always higher in the CM 
analysis: The average N values 
calculated for the 11 compounds in 
the CM and FM analyses were 3372 
and 1917 respectively (Table 2). 

Resolution was calculated for six 
pairs of compounds, the obtained 
values are reported in Table 2. As can 
be seen, the values for CM system are 
slightly higher, with an average value of 
1.7 (ranging between 0.8–2.7), while an 
average value of 1.6 was obtained for 
FM system (ranging between 0.6–2.6).

Conclusion
It can be affirmed that the results attained 
in the present research confirm those 
reported previously (7). The proposed 
standard FM GC×GC–MS column 
set provided an altogether similar 
chromatography result compared to that 
obtained by using a CM GC×GC–MS 
standard column set. The main difference 
related to the average plate numbers, 
which were previously found to be slightly 
higher in the FM approach (average N 
values for five compounds: 2978 vs. 2680) 
(7). Such a divergence could be due to 
the fact that, in reference (7), a 4× higher 
amount was analyzed in the FM analysis, to 

counterbalance the higher CM sensitivity. 
In the present research, equal sample 
amounts were subjected to analysis using 
the two methods, leading to lower signals 
in the FM analyses. Even so, and on 
the basis of the results attained, the FM 
GC×GC–MS column set proposed, can 
be potentially considered as a standard 
GC×GC column combination within the 
context of flow-modulated applications.
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Development of Stability‑Indicating 
Analytical Procedures by 
HPLC: An Overview with 
Best Practices (Part 1)
Michael W. Dong1, Kim Huynh-Ba2, and Joshua T. Ayers3, 1Perspectives in Modern HPLC Editor, 2Managing Director of Pharmalytik LLC., 

Adjunct Professor at Temple University’s School of Pharmacy, Philadelphia, USA, and Illinois Institute of Technology, Chicago, USA, 3Principal 

Consultant at ASQ Solutions LLC., Denver, Colorado, USA

This article is first in a series of two white papers on stability studies and testing of pharmaceuticals, which 
focuses on the development of stability-indicating high performance liquid chromatography (HPLC) 
methods for drug substances and products. It provides an overview of the fundamentals, including the 
traditional approaches, as well as modern trends and software tools for expediting the process. The 
regulatory guidance on the necessary contents of a well-written method, strategies for efficient method 
execution, and life cycle management of analytical procedures, are described in Part 2 of the series.

High performance liquid chromatography 
(HPLC) method development can be a 
time-consuming process, particularly for 
stability-indicating analytical procedures 
of new chemical entities (NCEs). Most of 
the procedures for small-molecule drugs 
employ gradient reversed-phase liquid 
chromatography (RPLC) with ultraviolet 
(UV) detection. These methods are 
designed to separate and quantitate 
the active pharmaceutical ingredients 
(APIs) and all process impurities 
and degradation products in drug 
substance (DS) and drug product (DP) 
samples. This important HPLC method 
category provides quality assessment 
data required in product release and 
stability studies in regulatory filings 
and procedures (Table 1). Information 
on the HPLC method development 
process and requirements are available 
in many textbooks (1–6), journal 

articles (7–13), regulatory guidance 
documents (14–16), and other resources 
(17). In this instalment, we strive to 
provide a concise but comprehensive 
overview of the essential steps of 
the method development process, 
supported with case studies, common 
practices, regulatory guidance, and 
citations of critical references. 

Why Gradient RPLC 
with UV Detection for 
Stability‑Indicating Methods?
Let us start with the fundamentals 
and the rationale for the use of RPLC 
and UV methods in stability-indicating 
analytical procedures, which must 
separate the API from all impurities, and 
meet stringent regulatory requirements 
in method performance (6,14–16).

First, the primary retention mechanism 
in RPLC is hydrophobic interaction, 

particularly useful for compounds with 
intermediate polarities, and an excellent 
match of most small-molecule drugs 
with oral bioavailability (2). The weak 
dispersive forces in RPLC ensure 
that all components in the sample 
can be eluted from the column using 
strong purging solvents at the end 
of the gradient, thus yielding 100% 
recovery of the injected sample. 

Second, the elution order in RPLC 
is highly predictable. It follows the 
“Linear Solvent Strength Model” (4). 
In most cases, the log k (retention 
factor) of the analyte is inversely 
proportional to %MPB (mobile phase 
B or % of the strong organic modifier). 
In addition, most drugs are basic, 
but have sufficient hydrophobicity to 
be retained in RPLC in the ionized 
forms in acidic mobile phases. The 
retention of the “solvated” analytes can 
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be manipulated to provide increased 
resolution by changing the composition 
of the mobile phase (for example, 
water, organic solvents, and pH), 
that interacts with the analytes in the 

“solvated” state, and moderates their 
retention on the stationary phase (1,2). 
Gradient elution is commonly used 
in stability-indicating assays to yield 
higher peak capacity and sensitivity 

for both hydrophilic and hydrophobic 
components in the sample (2). 

Third, most NCEs are chromophoric, 
having one or more conjugated 
double bonds or aromatic moieties in 
their structures, thus providing high 
detection sensitivity with UV detectors. 
A peak area precision of 0.1–0.5% 
relative standard deviation (RSD) 
is routinely achievable in HPLC-UV 
assays, because the entire injected 
sample passes through the UV flow 
cell. This high precision performance 
is necessary for quality control 
applications for DS release testing (with 
typical specifications of 98.0–102.0%). 
In contrast, the precision performance 
of <1% is difficult to achieve with mass 
spectrometry (MS) detection, because 
only a small fraction of the nebulized 
eluent stream is ionized and detected 
(2). Furthermore, a UV detector offers a 
wide linear response range exceeding 
five orders of magnitude (1 × 10-5 to ~2 
absorbance units [AU]), allowing the 
use of a single-point calibration curve 
for early-phase assays, and normalized 
area % analysis for the determination  
of impurities (2).

There are some notable exceptions 
to the adoption of RPLC-UV methods. 
For NCEs with no or low chromophoric 
properties, a gradient-compatible 
near-universal detector, such as a 
charged aerosol detector (CAD) or an 
evaporative light-scattering detector 
(ELSD), is typically employed (2). For 
the determination of enantiomers, 
a normal-phase separation using 
chiral LC or supercritical fluid 
chromatography (SFC) separation, 
is generally preferred, because the 
analytes are present in an unassociated 
and non-ionized state, which often 
leads to higher selectivity differences 
between the enantiomers (2). 

Another exception is the 
determination of potentially genotoxic 
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FIGURE 1: The comparative chromatograms illustrate the use of selectivity tuning by 
different organic solvents. Chromatograms courtesy of Waters Corporation.

TABLE 1: Summary of factors optimized during reversed-phase chromatography 
gradient method development

Stage/
Approaches

Factor Suggestions and Comments

Initial Development Step #3

Scouting 
Gradients

Column 
Modern columns packed with 3- or sub-3-µm C18  
bonded phases from high-purity SPP or TPP silica support. 

Detection 
wavelength

Use PDA to obtain λ max of all analytes. Select λ max of the main 
component or far-UV wavelength (200–230 nm).  

Mobile phase
MPA: Water acidified at pH 2–4 for acidic or basic analytes
MPB: methanol or acetonitrile

Operating 
conditions

Use broad gradients (5–100% B) for initial evaluation.
Evaluate the first chromatogram to define a 
narrower gradient range for the next evaluation.
Set T = 30–35 oC, Flow ~ 1 mL/min for 3.0 mm i.d. columns.

Method Optimization Step #4

Fine-tuning and 
Finalization

Mobile phase 
and operating 

conditions

Evaluate method with impurity “test mix” 
containing API, precursors, process impurities, 
and degradants. Modify pH, solvent type, T, and 
tG to improve the resolution of critical pairs.

Column 

Evaluate the method with different bond-
ed phases to maximize resolution. Further 
evaluation with longer columns to increase the 
resolution for the selected bonded phase.

Detector 
setting and 

sample conc./
inj. vol.

Finalize detection wavelength, and sample 
concentration Injection volume and diluent can be 
optimized for peak shape and method sensitivity.

Data are extracted from reference (2).  SPP = superficially porous particles, TPP = totally porous particles
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impurities at parts-per-million levels 
(not discussed here), which may 
require a high-sensitivity analytical 
procedure, such as LC with mass 
spectrometry detection (LC–MS) (2).

Objective of This Article
The objective of this instalment 
is to describe the traditional 
five-step strategy in HPLC method 
development, according to Snyder 
and associates (1), and illustrate the 
use of the selectivity-tuning for method 
optimization with case studies. 

The Traditional Five‑Step  
Method Development Approach
A traditional five-step approach 
for HPLC method development 
was proposed by Snyder and 
associates, based on the concept 
of selectivity-tuning to increase 

the resolution of critical pairs 
(close-eluting peaks) for accurate 
quantitation (1,2). The five-step 
approach is outlined here.
Step 1: Defining Method Types 

The first step is to define the 
method type. Is it a preparative, 
qualitative, or quantitative method? 
The most common method type 
is a stability-indicating analytical 
procedure (also known as an assay 
and impurities determination) for 
the quantitation of the API and 
impurities in pharmaceuticals. It is 
a challenging method development 
task to develop this type of method, 
because all key components in 
the sample must be physically 
separated in one chromatogram 
with method performance 
compliant to ICH guidelines (14). In 
comparison, other pharmaceutical 

methods for identification, limit 
tests, or performance assays, are 
simpler to develop, validate, and 
execute. Typically, the DS method 
is developed first for the NCE, and 
the DP method is then optimized 
based on the DS method.
Step 2: Gathering Sample

and Analyte Information

The next step is to gather information 
on the sample and analytes. For 
NCEs, the structures and molecular 
formulae are well established, allowing 
the inference or calculation of 
physicochemical properties, such as 
pKa, logP, logD, polarity, numbers of 
acidic, basic, or aromatic functional 
groups, and chiral centres. These 
characteristics can be useful in the 
selection of columns, mobile phases, 
and sample diluents. The pKa values 
can be used to select a mobile-phase 
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pH that ensures the compound is in 
a singly charged state. Knowledge 
of the acidic, basic, and aromatic 
functional groups can be helpful in 
column and mobile-phase selection, 
and provides forewarnings of potential 
stability or reactivity issues. Finally, 
knowing the presence and number 
of chiral centres is vital for planning 
an analytical procedure that includes 
diastereomeric separations. Though 
not entirely in the scope of this article, 
possible diastereomeric combinations 
may be separated with an achiral 
RPLC column (shown in the case 
study). Enantiomeric separation 
offers a different challenge that will 
require selecting the appropriate 
chiral-selective column for the 
determination of enantiomers of 
the API using a different analytical 
procedure. To gather analyte 
information, resources such as 
Certificate of Analysis (CoA) from 
suppliers or technical packages 
from the API manufacturers are 
invaluable in obtaining initial 
information regarding sample purity, 

methodologies, spectral and safety 
data, and other attributes of the API. 

Step 3: Initial Method Development

This is the first laboratory-based step 
in the development process, and it 
involves performing “scouting” runs 
to obtain the first chromatograms. 
Details in column and mobile-phase 
selection are covered in many books 
(1–3). To illustrate the initial method 
development step, we will start here 
with the most common choice of a C18 
column used with an acidified aqueous 
mobile phase and organic solvent. Step 
#3, outlined here, is extracted from a 
case study published in reference 2. 

Here, a sample of the API is 
dissolved in a default diluent (in this 
case, 1 mg/mL in 50% acetonitrile in 
water) and injected into an HPLC-UV 
system (with a photodiode array (PDA) 
detector and an MS instrument. A 
common broad-gradient RPLC method 
can be used (such as mobile phase 
A [MPA] = 0.1% formic acid in water; 
mobile phase B [MPB] = acetonitrile; 
C18 column: 3-µm, 100 mm × 3.0 mm 

i.d., 5–100% acetonitrile in 10 min at 
1 mL/min and a column temperature 
at 30 °C). Full spectral data in UV 
(220–400 nm) and MS (100–1200 amu 
with positive ionization) are collected to 
allow reconstruction of chromatograms 
at any monitoring wavelengths. 

It is important to choose an 
MS-friendly mobile phase in this step 
if possible, to reduce the need for 
any method changes when using MS 
later. Results from the first scouting 
run can generate pertinent data, 
such as a “rough” sample impurity 
profile, estimation of purity and 
hydrophobicity of the API, maximum 
absorbance wavelength (λmax), 
(M+H)1+ data of the NCE, and any 
observed impurities. These initial data 
are used for determining the next 
logical steps in method fine-tuning. 

The process is often modified 
for polar or water-soluble NCEs, 
which may be better retained on an 
AQ-type-C18 or polar-embedded 
column (2). For drug candidates with 
low or no UV chromophoric activities, 
detectors such as CAD, ELSD, or MS 
may be employed. One crucial issue 
in the initial method development 
of NCEs is the rare availability of 
an “ideal test mix” sample containing 
the API and all key impurities or 
degradation products, deterring a 
systematic application of automation 
systems. This dilemma of sample 
availability will be discussed later. 

Step 4: Method Fine-Tuning

and Optimization

This is the most time-consuming step for 
the development of stability-indicating 
procedures. The process is typically 
reliant on “selectivity tuning” by 
changing selectivity (α) in a rational 
fashion by adjusting mobile phases 
(organic modifier, pH, buffer strength) 
and operating parameters (flow 
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FIGURE 2: Comparative chromatograms of the gradient separations of a test mix 
containing seven basic drugs, illustrating the effect of selectivity of bonded phases (C18, 
phenyl, cyano, pentafluorophenyl [PFP]). All columns are 50 × 2.1 mm, 1.7-µm, with 
10-mM ammonium formate at pH 3, and the same linear gradient with methanol. Diagram 
courtesy of Waters Corporation.
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[F], gradient time [tG], column 
temperature [T]) (1–3). Often, 
changing to a column packed with 
different bonded phases other than 
C18 may be needed (such as, for 
example, phenyl, polar-embedded, 
or cyano) to achieve the separation 
of a critical pair of coeluting peaks.

The next step is often to employ 
a “shallow middle gradient segment” 
indexed to the hydrophobicity of 
the API to increase the resolution 
around the main component (2). This 
use of a “multi-segment gradient 
approach” is preferred for complex 
NCEs and is discussed later. 

The method fine-tuning or 
optimization process typically takes 
a few days or 1–2 weeks, depending 
on the complexity of the NCE and 
the availability of key impurities as 
reference materials (such as isomers) 
that are used as retention time markers. 
This process is often iterative, and is 
performed before or after the initial 
forced degradation studies where 
degradation products are generated 
to challenge the separation power 
of the initial method. Peak purity 
should be evaluated with PDA and 
MS. Quite often, the initial column 
used (for example, C18) is found to 
be inadequate in the separation of a 
critical pair (for example, API and the 
immediate synthetic precursor) (2). 
This would invariably trigger a column 
screening experiment to find a better 
column with a different selectivity (for 
example, phenyl, polar-embedded, or 
cyano) (2,3). The use of MS can be a 
valuable tool in column screening, as 
it can help to track known impurities 
from column to column as well as 
degradation products formed during 
forced degradation studies. Knowledge 
of the molecular weights helps to 
determine the molecular structures 
of the degradation products.

For laboratories specializing in 
method development, the use of 
automated column and mobile-phase 
screening systems and other 
software platforms can expedite this 
time-consuming step. The last steps 
in the method development phase are 
the final minor method adjustments 
needed to improve sensitivity and 
peak shape (injection volume, sample 
concentration, diluent, monitoring 
wavelength), and analysis time.

It should also be noted that the drug 
product will also require assays and 
impurity analysis throughout the life 
cycle of the NCE. The best and shortest 
approach to DP method development 
is to use the chromatographic 
conditions for the DS with a modified 
sample preparation procedure.

Step 5: Method Prequalification 

Step 5 for methods used to test 
regulated products is a method 
prequalification or prevalidation step. 
This step will ensure the method can be 

successfully validated by determining 
the potential to pass typical method 
validation criteria (2,16), including 
specificity, precision, linearity, sensitivity, 
and often accuracy also. This 
prequalification step can take from a 
few hours to 1 or 2 d for most methods.

Examples of the Selectivity 
Tuning Approach by Changing 
Mobile Phase, Column, or Both
Figures 1 to 3 show studies of the 
use of selectivity tuning by changing 
the mobile phase, column, or both. 
Figure 1 shows the separation of a 
12-component test mixture of basic, 
acidic, and neutral drugs and the 
changes in peak spacings with the 
gradient separation on a C18 column 
by switching the organic mobile phase 
(MPB) from methanol to acetonitrile. 
Note that acetonitrile is a stronger 
organic modifier in RPLC; thus, the 
elution time is considerably shorter. The 
peak shapes are also sharper due to its 
lower viscosity (1,2). While the elution 
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FIGURE 3: Two comparative HPLC chromatograms of a primary regulatory method  
(top) and a secondary orthogonal method (bottom) used in the phase-appropriate  
method development approach advocated by H. Rasmussen and associates (3).  
Reprint from reference (3).
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order remains the same without any 
peak crossovers, the band spacings 
are changed due to selectivity 
differences. Note that acetonitrile is 
an aprotic solvent, while methanol is 
capable of hydrogen bonding and 
polar interaction with the analytes. In 
cases of analytes that can hydrogen-
bond or have polar interaction, the 
elution order may be different when 
changing from methanol to acetonitrile.

Figure 2 shows eight comparative 
chromatograms of a 7-component 
mixture of basic drugs using columns 
packed with different types of C18, 
phenyl, cyano, and pentafluorophenyl 
phases from a single manufacturer. All 
columns have the same dimension 
and are packed with similar particle 
sizes of ~1.7 µm. Chromatograms 
show similar elution order but with 
many differences in band spacings 
for C18 phases, whose predominant 
retention mechanism is hydrophobic 
interaction. However, the elution 
order can be substantially different 
in columns packed with different 
bonded phases that have additional 
retention mechanisms from π-π, 
polar, and hydrogen bonding 
interactions. To find the best column 
for a specific separation, the most 
efficient approach is to use an 
automated column and mobile 
phase screening system (2,3,12).

Figure 3 shows two comparative 
chromatograms in a case study on 
proactive phase-appropriate method 
development advocated by Rasmussen 
and associates (3,17). The top 
chromatogram shows the separation 
of a retention marker solution of an 
API spiked with available impurities 
that is analyzed by a primary stability-
indicating method for a DS method 
using a C18 column and an MPA at 
pH 2.5. The bottom chromatogram 
shows the separation of the same test 

mix using the secondary orthogonal 
method on a polar-embedded 
phase at a neutral MPA pH. More 
discussion on the development of 
a secondary orthogonal method 
will be discussed in Part 2.
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The (Mis)education of an Analyst
Douglas E. Raynie, Sample Preparation Perspectives Editor

Although sample preparation is considered an enabling technology, it is among the most vital components of an 
analytical scheme. Given this apparent dichotomy, where does the analyst working at the laboratory bench learn 
about sample preparation approaches, especially chemical extractions? How is this situation exacerbated when 
these analysts have an undergraduate Arts or Science degree, or no degree at all; or perhaps their training is in 
biology, physics, or any other laboratory science? This month, we will take a look at formal and informal training 
opportunities that may be available to educate all chemists in the fundamentals of these necessary laboratory skills. 

I once heard a joke along the line of “How 
many biologists [or insert other type of 
nonchemical scientist] does it take to 
prepare a sample?” Answer: “None, that’s 
what chemists are for.” While the attempted 
humour stems from the realization that 
extraction and other sample preparation 
techniques are chemical processes, it also 
points to how little attention many scientists 
pay to these essential steps. Further, the 
ubiquitous nature of sample extractions 
also leads them to be less than fully 
appreciated. After all, we find extractions 
in brewing coffee or tea, laundering 
clothing, and elsewhere in everyday living. 
But the problem may not just be a lack of 
concern about sample preparation. The 
issue may be a lack of sufficient training.

The question becomes “How do 
we train bench chemists, laboratory 
managers, regulators, and others in the 
performance of chemical extractions?” 
Analysts at all levels must have knowledge 
of chemical extractions as they develop 
new methods, consider new technologies 
for the laboratory, read and write standard 
operating procedures (SOPs) or draft 
regulatory methods, and so forth. There 
are few sources that combine a working 
knowledge of the performance of common 
extraction procedures, with an overview of 
new and emerging technologies, provide a 

basic understanding of common analytical 
extractions, or articulate a thorough 
theoretical basis for this mode of chemical 
separations. This situation is compounded 
by what is taught regarding chemical 
separations, including extractions, in the 
common chemistry curriculum. Griffiths 
(1) reports that, in a survey of analytical 
professors in the western United States, 
in the quantitative analysis course that 
typically represents the first, and often 
only, analytical chemistry course taken 
by undergraduate chemistry majors, the 
topic of “separation theory” is covered 
in an average of 1.7 lecture periods, and 
this mostly includes chromatography 
theory and the concept of distribution 
coefficients (discussed below), and 13% 
of courses do not address the topic. 
Furthermore, the nationally normed 
American Chemical Society analytical 
chemistry exams, summarized in Table 
1, barely touch the subject. Perusal 
of the more recent exams does not 
reveal anything significantly different.

Only an occasional, somewhat 
specialized tome (for example, reference 
[2]), provides a combination of the practice, 
applications, basic understanding, and 
detailed theory of analytical extractions. 
Another good source of such information 
is the short course programme at any 

number of professional meetings. (For 
disclosure, I regularly teach sample 
preparation courses at Pittcon and the 
Eastern Analytical Symposium.) One 
advantage of professional short courses 
is the opportunity to directly interact with 
experts in the analytical extraction field. 

Practice of Extraction 
Analytical chemistry textbooks provide 
an overview, at best, of the practice 
of extraction. Additionally, laboratory 
technicians often have two-year degrees 
or bachelor’s degrees in laboratory 
sciences other than chemistry. Although 
the practice of chemical analysis is an 
emphasis of the curriculum of chemical 
technology degrees, we often must look 
beyond analytical education materials to 
get an understanding of practice. Keeping 
in mind that chemical extractions are 
not an exclusive domain of the analytical 
discipline, the practice of extraction is often 
covered in organic chemistry laboratory 
manuals, and most chemists, regardless 
of educational level, are required to 
complete an organic chemistry sequence.

Liquid–liquid extraction (LLE), including 
proper use of separatory funnels, is 
found in organic chemistry laboratory 
manuals. Solvents commonly used 
for extraction are presented, and 
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although safety is mentioned, health and 
environmental concerns in the selection 
of solvents are typically not addressed, 
though the subject of green chemistry is 
becoming increasingly commonplace.

The most basic understanding of 
chemical extractions, in the form of 
distribution, or partition, coefficients  
is presented: 

K = Corg/Caq = analyte concentration in 
organic phase/analyte concentration in 
aqueous phase.                     [1]

This leads to the ability to predict 
the ratio of solute (analyte) in the 
(aqueous) sample phase to that 
originally present in the sample phase 
after n number of batch extractions:

(Final solute amount)aq/(Initial solute 
amount)aq = (Vaq/(Vaq + VorgK)n                [2] 

where V is the aqueous (aq) or organic 
(org) solvent volume. This use of 
distribution coefficients makes some 
assumptions related to chemical 
potential that is beyond the scope 
of these laboratory manuals.

An example of a typical LLE, as 
presented in organic chemistry laboratory 
manuals, is shown in Figure 1. In this 
example, the (blue) aqueous sample 
contains three solutes (red and green 
spheres and squares). Based on 
solubility differences, reflected by the 
distribution ratio, the spherical molecules 
preferentially partition into the (pink) 
lighter-than-water organic extracting 
phase, which is then removed for 
subsequent work up and analysis.

The balance of the discussions is 
more practically focused. An overview of 
manipulation of pH relative to analyte pKa 
to protonate or deprotonate acid, amine, 

FIGURE 1: Example of a liquid–liquid 
extraction (LLE) using a separatory 
funnel. An aqueous sample (blue) is 
extracted with a less dense organic 
solvent (pink). Source: courtesy of  
www.chromacademy.com

TABLE 1:  Number of questions on selected topics on the 1994, 2001, and 2007 American Chemical Society (ACS) analytical chemistry exams. 
(Source: Adapted from reference 1).

Topic
Number of Questions 

on the 1994 Exam
Number of Questions 

on the 2001 Exam
Number of Questions 

on the 2007 Exam

Equilibria 1 1 2

Statistics and errors 3 6 7.5

Solution preparation 3 4 0

Sampling 0 0 0

Titration curves (general) 1 1 2.5

Acid-base equilibria (incl. buffers) 6.5 4 4

Acid-base titrations 3 2.5 2

Precipitation equilibria 3 4 2

Gravimetric analysis 4 0 1

Precipitation titrations 1 0 0

Complexation 5 3 1

Redox equilibria and titrations 3 5 3

Potentiometry and coulometry 4.5 4 3

Basic spectroscopy 4.5 4.5 10

Fluorescence and atomic spectroscopy 1 2 1

Separations theory 1 0 0

Gas chromatography 1 1 3

HPLC 1 6 3

Electrophoresis and ion exchange 0 0

General instrumental analysis 1 0 0
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and related functional groups is often 
presented. The practice of extraction 
may include topics like glassware for 
cases of solvents more or less dense 
than water, washing the organic phase, 
salting out, and preventing or dealing 
with emulsion formation. Techniques other 
than liquid–liquid extraction are rarely 
presented, because most organic systems 
encountered in undergraduate organic 
experiments are solutions. Occasionally 
solid-phase extraction (SPE) is presented, 
but a comprehensive treatment of the 
intermolecular attractions that provide 
the basis of solute sorption is lacking.

In addition to the practical nature of 
organic chemistry laboratory manuals, 
the International Union of Pure and 
Applied Chemistry (IUPAC) (3), as well as 
Majors and Hinshaw (4), present guides 
to the terminology used in extraction 
and chromatographic separations. 
Such terms as batch vs. continuous 
extraction, static vs. dynamic conditions, 
solvent to feed ratio, raffinate, residue, 
extraction stage, diffusion, surface 
tension, adsorption, solubility, polarity 
scales, or isotherms are presented, and 
become the basis for the understanding 
and proper description of extractions.

Finally, although often not explicitly 
presented, knowledge of physicochemical 
parameters like polarity, volatility, molecular 
weight, and pKa of both the analyte and 
potentially interfering compounds is 
necessary in designing an extraction.

Basic Understanding of Extraction
It is reasonable to assume that the next 
level of understanding of analytical 
extractions can be found in undergraduate 
quantitative analysis textbooks. But, as 
previously discussed, this assumption 
may be suspect. Perusal of three of the 
most widely used analytical texts showed 
that treatment of separations theory and 
extractions varied. Strong emphasis is 
placed on equilibria. This is important, 

because concepts like partitioning are 
presented in terms of equilibria. However, 
it should be noted that most extractions 
are operated away from equilibrium 
conditions (that is, kinetics must also be 
considered), and, although thermodynamic 
understanding is needed at the most 
advanced theoretical level, extractions 
occur through the application of heat and 

work in opposition to the second law of 
thermodynamics. Although distribution 
coefficients, as defined above, are 
presented, this information may be used to 
more closely determine the role of solute 
solubility, as measured by the partition 
coefficient, solvent-to-sample volume 
ratios, and number of extractions needed 
to isolate a given amount. For example, 
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Figure 2 compares the quantitative nature 
of extractions where the distribution 
coefficient is 2.0 (meaning the solute is 
twice as soluble in the organic phase 
as in the aqueous sample phase) and 
50 mL (green line), 100 mL (black 
line), and 200 mL (blue line) of organic 
extracting solvent is used to isolate 
the analyte from 100 mL of aqueous 
sample. This is in comparison to the red 
line, which demonstrates an increase 
in the distribution coefficient to 10 and 
100 mL of organic solvent is used.

In cases where the analyte may 
dissociate or decompose, the distribution 
coefficient may be replaced by the 
distribution ratio, which accounts for all 
forms of the analyte species in each 
phase. For example, when carbon dioxide 
is dissolved in water, the distribution 
ratio, D, must account for CO2, H2CO3, 
HCO3

−, and CO3
2− levels in each phase. 

With this understanding, the percent 
extracted, %E, is expressed as:

%E = 100D/(D + (Vaq/Vorg)             [3]

Beyond this, analytical textbooks 
may begin to delve into SPE and related 
techniques with a more thorough treatment 
of the relationship between intermolecular 
attractions, solute adsorption, and sorptive 
phase selection. Extraction of solids, 

such as Soxhlet extraction, is begun to 
be discussed and, in some occasions, a 
cursory definition of advanced methods, 
such as supercritical fluid extraction (SFE), 
microwave-assisted extraction (MAE), or 
ultrasound-assisted extractions (UAE), 
may be presented. Some textbooks 
discuss topics like complexation and 
post-extraction sample clean-up.

Separations Theory Applied 
to Analytical Extractions
A more extensive treatment of theory in 
general found in the engineering literature, 
in graduate courses, and in specialized 
texts. In such training aids, treatment of 
the extraction mechanism may be broken 
down into the two major components, 
phase contact and phase separation. A 
discussion of molecular transport, typically 
via diffusion explained using Fick’s Laws, 
can be presented. Distribution ratios, rather 
than distribution coefficients, are preferred 
so that mass balance can be discussed 
alongside energy flow. In discussing mass 
balance, the potential for intentionally or 
unintentionally hydrolyzing or otherwise 
reacting the analyte is considered, as 
is thermal degradation. For extracting 
solid samples, topics like solvent wetting 
of the solid surface, solvent penetration 
into the solid particle, the impacts of a 
static solvent layer around the sample 

particle, particle-size and porosity, and 
extraction temperature should be a focus. 
Such presentations can demonstrate 
how particle size reduction can increase 
both internal transport by reducing the 
length of the diffusion pathway and 
external transport by enlarging the 
surface area of particle–solvent contact. 

Treatment of extraction 
distribution coefficients or ratios 
can lead to Gibb’s phase rule:

F = C – P + 2                          [4] 

where F is the number of degrees of 
freedom describing the system, C, is the 
number of system components, and P 
is the number of phases. If temperature 
and pressure are held constant during 
extraction (and they generally are), the 
factor of two is valid, and the equation can 
be used to explain the function of other 
extraction parameters. For example, in 
a headspace extraction, the volume of 
the headspace, as well as the sample 
phase, is shown to be vital. In another 
instance, if an analyte may be protonated 
or deprotonated, the number of system 
components increases, and it can be 
shown that the concentration of analyte 
in the extracting phase depends not only 
on its concentration in the sample phase, 
but also on the pH of the sample phase.

Other advanced treatments may 
include interfacial tension or solubility 
parameters. Low interfacial tension is 
needed to drive mass transfer across 
the phase boundary and predicts initial 
solvent disruption and distribution 
in solvent-entrained solutions. When 
solute solubility increases, interfacial 
tension is generally lower, or more 
favourable. Other solubility treatments 
like the Hildebrand solubility parameter 
is another worthwhile discussion. The 
Hildebrand solubility parameter is a 
measure of the cohesive interaction 
energy of solute-solvent mixtures related 
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FIGURE 2: Effect of repeated extractions on the amount extracted as a function of 
distribution coefficient (K = 2.0 in all cases, except the red line), and amount of organic 
extracting solvent (100 mL sample and 100 mL solvent, except the cases of 50 mL solvent 
[green] and 200 mL solvent [blue]).
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to the heat of vaporization on the system. 
It is described by the hydrogen-bonding 
ability, dispersion coefficient, and 
polarity and if the Hildebrand solubility 
parameter of a solvent is close to 
that of the analyte (solute) of interest, 
extractions become more favourable. 
Other, similar solvent descriptors are 
available. The Hildebrand solubility 
parameter and other treatments are the 
basis for various modelling simulations 
of chemical extractions; they are widely 
used in the engineering literature. 

Some of the theoretical treatments 
(with or without a presentation of Gibb’s 
phase rule presented earlier), for 
isolating chemical compounds from the 
analytical sample, provide the basis for 
specific, often more advanced extraction 
techniques like SPE, solid-phase 
microextraction (SPME), related 
sorption-based technologies, SFE, MAE, 

UAE, or pressurized-fluid extraction. 
Practice and detailed descriptions of the 
basis for these techniques are usually 
found in more specialized literature.

Conclusion
While knowledge is power, unfortunately 
the formal education of most analysts 
centres on education in advanced 
analytical techniques, good laboratory 
practice, SOPs, regulatory compliance, 
laboratory safety, and other items. 
Common laboratory procedures, like 
extractions, are often excluded from 
the educational process. Awareness 
and knowledge of advanced extraction 
and sample preparation procedures is 
even more scarce. In this column, we 
presented an overview of the type of 
information that should be included 
in training protocols, and discussed 
where this information can be found.
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Ultra-Pure Gas Delivery
By starting with ultra-pure gas and delivering it through 
award-winning BIP technology cylinders, gases are 
up to 300 times purer than normal gas cylinders, 
according to the company. Low levels of impurities are 
reportedly guaranteed. BIP gases are suitable for gas 
chromatography where impurities in the carrier gas can 
cause baseline noise and damage in the column.

www.airproducts.co.uk/BIP
Air Products PLC, Hersham, UK.

Sampling Tubes
Markes’ industry-standard-sized thermal desorption 
tubes are manufactured to the highest quality to 
deliver optimum results, according to the company. 
The complete range of tube materials and sorbent 
packings offer flexibility, making them suitable for VOC 
and SVOC analysis for all TD applications, including 
environmental air monitoring, fragrance analysis, and breath monitoring.

http://chem.markes.com/sampling-tubes
Markes International Ltd., Llantrisant, UK.

HIC Column
BioPro HIC HT, YMC’s latest HIC column, is designed 
for biopharmaceuticals like antibody-drug-conjugates. 
Higher flow rates are applicable as a result of extremely 
high-pressure stability of the polymer particles allowing 
very short run times and high throughput. BioPro HIC 
HT columns are the ideal choice for DAR determination 
with high resolution.

www.ymc.de
YMC Europe GmbH, Dinslaken, Germany.

Immobilized columns
Chiralpak IJ is the new immobilized chiral selector from Daicel. The company’s 
latest column accesses the applications of Chiralcel OJ with the benefits of 
being robust to all mobile phase combinations. With wider solvent choices 
comes new separations and solubility for HPLC and SFC, improving methods 
for challenging separations. Columns are 
available in 3-, 5-µm particle size.

https://chiraltech.com/whats-new/
Chiral Technologies Europe, Illkirch, France.

Multi-angle static Light 
Scattering
The DAWN is an advanced 
multi-angle static light scattering 
(MALS) detector for absolute 
characterization of the molar mass 
and size of macromolecules and 
nanoparticles in solution. DAWN 
offers high sensitivity, a wide 
range of molecular weight, size, 
and concentration, and a large 
selection of configurations and 
optional modules.

www.wyatt.com/dawn
Wyatt Technology, Santa Barbara, 
California, USA.

Electrochemistry-MS 
The Roxy Exceed is a new 
generation potentiostat 
dedicated to on-line coupling 
of electrochemistry with mass 
spectrometry (MS). The system 
supports DC, scan, and pulse 
mode and can be controlled 
from any LC–MS system. 
The instrument is suitable for 
predicting drug metabolism, and 
for MS proteomics.

www.AntecScientific.com
Antec Scientific, Zoeterwoude, 
The Netherlands.
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NOVEMBER 16–19 2020
Eastern Analytical Symposium 2020 
(EAS 2020)
Virtual Event
E: askEAS@eas.org
W: https://eas.org/2020/

MARCH 6–10 2021
Pittcon
New Orleans, Louisiana, USA
E: info@pittcon.org 
W: https://pittcon.org/pittcon-2021

MAY 9–14 2021
The 45th International Symposium on 
Capillary Chromatography (ISCC) & 
the 18th GCxGC Symposium
Fort Worth, Texas, USA
E: info@isccgcxgc.com 
W: www.isccgcxgc.com

JUNE 20–24 2021
50th International Symposium
on High Performance Liquid Phase 
Separations and Related Techniques 
(HPLC 2021)
Dusseldorf, Germany
E: info@hplc2021.com
W: www.hplc2021-duesseldorf.com

22-27 AUGUST 2020
Euroanlysis2021.nl
Nijmegan, The Netherlands
W: www.euroanalysis2021.nl

OCTOBER 12–15 2021
18th International Symposium 
on Preparative and Industrial 
Chromatography and Allied 
Techniques (SPICA2021)
Lisbon, Portugal
E: secretariat@LDOrganisation.lu
W: www.spica2021.org

2-5 NOVEMBER 2021
Recent Advances in Food Analysis 
(RAFA) 2021
Prague, Czech Republic
E: RAFA2019@vscht.cz
W: www.RAFA2021.eu

Please send any upcoming event 
information to Lewis Botcherby at 
lbotcherby@mjhlifesciences.com

Analytica Virtual 2020

The Analytica Virtual Conference 2020 will take 
place as a virtual event on October 19 to 23, 2020. 
The new virtual format will enable exhibitors to 
book digital trade fair booths. Furthermore, the 
event offers all customers additional opportunities 
for exchange and networking. Large parts of the 

lecture and supporting programme will also be available in digital form.
The Analytica project team are expanding the Analytica virtual format launched in August 

into a globally visible digital trade fair for the laboratory industry, reflecting as many offers 
and formats as possible that have been distinguishing Analytica in Munich for decades. 

Analytica Virtual will be available 24 hours a day to enable visitors in all time zones to 
participate. On virtual exhibition booths, exhibitors will present novel products and product 
innovations from all areas of laboratory and analytical technology for the target industries 
of chemistry, biotechnology, pharmaceuticals, and food. Visitors can experience product 
presentations, download flyers, and contact the respective exhibitor directly via a text, 
audio, and video chat function. In addition, web seminars, specialist lectures, and a large 
part of the supporting programme will be available via the platform. Important programme 
items will be repeated at various times of the day.

The basis of the Analytica conference continues to be the numerous new developments 
in instrumental analysis, and  there will be dedicated sessions on chromatography, 
mass spectrometry (MS), spectroscopy, microscopy, and electroanalysis.

From doping control to the detection of antibiotic-resistant germs to artificial intelligence 
(AI) in the laboratory, the Analytica conference reflects the entire spectrum of modern 
analysis. Attention will be focused on the increasing role of digitization because this 
drives all the analytical disciplines: What do materials scientists use AI methods for? 
How do physicians handle the increasing flood of data? What digital techniques can 
be used to optimize the monitoring of industrial processes? These and many other 
questions will be discussed by renowned researchers from around the world.

The multifaceted programme invites participants to look beyond their own horizons and 
let themselves be inspired by colleagues from other analytical disciplines. Despite the 
many digital techniques and extremely helpful methods of AI, the knowledge, inventiveness, 
and intuition of experienced analysts will remain irreplaceable in the future. The challenge is 
to combine human know-how with the capabilities of machines. 

Other highlights include the globally unique show “Digital Transformation”, in which 
companies and scientists have realized eight workflows to present the state of the art in 
laboratory automation. In the associated forum, experts will give lectures on the current 
state of digitization in the laboratory. From laboratory planning through sample logistics 
to data management, digital technologies will revolutionize the laboratory world. However, 
the new opportunities that this change will actually open up often remain vague, even for 
industry experts. In the “Digital Transformation” show, Analytica will demonstrate in specific 
terms how daily work in the laboratory will change through a combination of real workflows 
and forums.
Analytica Virtual 2020 and the conference will be free for all visitors. For more information 
and registration, please visit www.analytica-virtual.com.  For the conference programme 
go to www.analytica.de/en/supporting-program/conference/program

Credit: f11photo/stock.adobe.com
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BIOshell™ Peptide column line, for peptide mapping and proteomic 
applications requiring high-resolution separation of peptides and 
polypeptides <20 kDa.

For more information, visit SigmaAldrich.com/BIOshell

Maximum Resolution for
Biomolecule Separation
Merck

Merck KGaA
Frankfurter Strasse 250, Darmstadt, 64293, Germany

Website: www.sigmaaldrich.com
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columns:     BIOshell™ IgG 1000 Å C4, 15 cm x 2.1 mm I.D., 2.7 μm
                    Bioshell™ IgG 1000 Å C18, 15 cm x 2.1 mm I.D., 2.7 μm
                    BIOshell™ IgG 1000 Å Diphenyl, 15 cm x 2.1 mm I.D., 2.7 μm

0.4 mL/min
water/0.1 % TFA
ACN/0.1 % TFA
32-40 % B in 16 min
2 μL of 2 mg/mL trastuzumab in water/0.1% TFA
80 °C
PDA at 280 nm

flow rate:
mobile phase A: 
mobile phase B:

gradient:
inj. vol.:

temp:
detection:

Figure 1: IgG separation on 1000 Å SPP particles.
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columns:    BIOshell™ 160 Å Peptide C18, CN & Phenyl-Hexyl,
                   15 cm x 2.1 mm I.D., 2.7 μm

mobile phase A:    water/0.1 % TFA
mobile phase B:    ACN/0.1 % TFA

gradient: 
flow rate:

temp:
detection:
injection:
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0-60 % B in 15 min
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Figure 2: Separation of peptide mix.

Glycan L95

USP
Code

Pore
Size

Max
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Figure 3: BIOshell™ UHPLC and HPLC columns.

Our range of protein and peptide columns have been specifically 
engineered for fast, high-resolution separation of biomolecules. 
The Fused-Core® superficially porous particles (SPPs) contained 
within BIOshell™ columns are designed to provide highly efficient 
separations of proteins and peptides.

BIOshell™ UHPLC and HPLC columns deliver maximum speed 
and efficiency, and the low back pressure makes them suitable for 
use on both UHPLC and HPLC systems. The Fused-Core® particles 
with pore sizes from 90 Å up to 1000 Å allow superior separation 
from glycans up to very large proteins. Optimum separation 
of peptides of <20 kDa for peptide mapping and proteomic 
applications can be achieved with BIOshell™ peptide columns. 
For the separation of monoclonal antibodies (mAbs) or proteins 
>100 kDa in biotherapeutic drug development, the BIOshell™ IgG 
columns, with a pore size of 1000 Å, show clear advantages over 
conventional 300 Å pores.

BIOshell™ IgG 1000 Å C18 and BIOshell™ IgG 1000 Å 
Diphenyl
These two new column chemistries expand the choices for selectivity, 
in addition to the well-established BIOshell™ IgG 1000 Å C4 phase, 
for maximum resolution in the separation of monoclonal antibodies, 
antibody–drug conjugates, antibody fragments, and large proteins 
with molecular weights ≤500 kDa.

BIOshell™ Å160 Peptide Phenyl-Hexyl
The new BIOshell™ Å160 Peptide Phenyl-Hexyl column offers an 
alternative selectivity to the C18 and CN phase chemistries of the 

http://www.sigmaaldrich.com
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The new HIC-ESP ion chromatograph features the same low  
carry-over and excellent injection precision characteristics of 
Shimadzu HPLCs to ensure highly reliable results in quantitative 
ion analysis. The newly developed, low-volume anion suppressor 
minimizes band spreading to achieve the highest sensitivity,  
providing stable functionality even over long periods of use, 
while the system’s small footprint offers more efficient use of 
laboratory bench space. 
 
High sensitivity, reliability and robustness 
through use of the new patent-pending ICDS-40A anion  
suppressor 
 
Outstanding performance in a compact design 
with optimized solvent delivery, low carry-over and fast  
injection speeds 
 
Seamless integration with LabSolutions software platform 
simplifies analysis settings, data processing/review and reporting 
while ensuring data integrity

www.shimadzu.eu / small-packages HIC-ESP Ion Chromatograph

Best things come in small packages
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