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The development of new sorptive phases is a hot topic in solid-phase 
microextraction (SPME)-related techniques because it broadens the application 
scope and opens the door to the resolution of new analytical problems (1,2). 
Research is focused not only on the chemistry of these phases but also on their 
geometry (3,4). In this scenario, flat supports emerge as an alternative because 
they present higher capacity compared, for example, with the classical SPME 
fibre, and enhanced kinetics as a result of their excellent area-to-volume ratio 
(5,6). Commercial membranes consisting of a mat of cross-linked polymeric fibres 
have been traditionally used in solid-phase extraction (SPE), especially when high 
sample volumes (a typical situation in environmental water analysis) are processed. 
These membranes can also be loaded with particles, in the so-called extraction 
disks, to increase their sorption capacity. Although commercial membranes have 
a high potential, the ad hoc fabrication of membranes is an extended strategy in 
research laboratories. These laboratory-made membranes can be designed after 
the evaluation of the analytical problem (binomial analyte–sample) by selecting 
the best polymer that provides a strong/selective interaction with the analyte in the 
sample environment. Laboratory-made membranes, which are usually fabricated 
by electrospinning (7) (and also by casting or spin coating), can consist of a 
combination of polymers, and they can even be modified with nanoparticles, which 
are embedded in the polymeric network during the synthesis or loaded after it.

In recent years, new promising flat materials have been proposed. Kabir and 
Furton from the Florida International University have introduced the so-called 
fabric phases (FPs) (8). As the name indicates, these materials consist of natural 
or synthetic fabrics superficially modified by sol-gel reaction to immobilize active 
sorptive phases. The potential of FPs, which has been extensively demonstrated 
(9), hinges on the wide variety of existing coatings and their extraction capacity. 
The flexibility and permeability of FPs is a remarkable bonus that makes their 
application in air sampling possible (10). Fabric phases are produced by a green 

Paper-Based Sorptive Phases 
Prepared by Dip Coating
Julia Ríos-Gómez, Rafael Lucena, and Soledad Cárdenas, Departamento de Química Analítica, Instituto Universitario de Investigación en 

Química Fina y Nanoquímica IUNAN, University of Córdoba, Campus de Rabanales, Edificio Marie Curie (anexo), Córdoba, España

Paper-based sorptive phases are promising tools in sample preparation because of their high surface-to-volume 
ratio, porosity, and versatility. This article discusses the synthesis of paper-based sorptive phases by dip coating. 
This procedure has allowed a wide variety of phases coated with polymers, nanoparticles, and their combination 
to be synthesized. This article presents the synthesis, types of coatings, and extraction devices, to highlight the 
versatility and potential of these materials to the analytical community, particularly for sample preparation.

KEY POINTS
• Flat supports are powerful 

alternatives to other 
microextraction formats 
because of the higher 
surface area/volume ratio.

• Paper is an excellent substrate due 
to its availability and low cost.

• The sorbent phase over the 
paper can be created by 
dip-coating, preparing a solution, 
or dispersion of the sorptive 
phase (polymers, nanoparticles, 
or a combination of both).

• The paper-based sorptive 
phases are compatible with a 
wide variety of microextraction 
devices and with any 
chromatographic technique. 
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method, more environmentally friendly than classical synthesis, 
showing a relevant trend in the design of extraction phases.

Paper is an excellent support for the fabrication of sorptive 
phases since it is cheap, easily modified, and porous. Although 
unmodified paper has been proposed for the extraction of 
8-hydroxy-2’-deoxyguanosine from urine samples (11), the 
modification of its surface with sorptive groups is the strategy 

of choice to increase its capacity and applicability (12). The 
chemical modification of paper usually involves covalent 
bonding, which requires complex synthesis procedures. Up 
to now, several phases have been proposed as coatings, 
but polymers are the predominant ones due to their 
exceptional properties. Ackerman and Hurtubise evaluated 
the modification of paper with poly(hydrogenmethylsiloxane) 
and dichlorodimethylsilane for the extraction of aromatic 
compounds (13). Recently, polydimethylsiloxane has also 
been evaluated for the preconcentration of volatile organic 
compounds (VOCs) by headspace analysis (14). 

In this article, a general overview of the versatility and 
potential of paper-based sorptive phases prepared by dip 
coating is presented. This article will present ideas rather than 
applications to draw the attention of the analytical chemistry 
community to the potential of these materials. The specific 
applications, which can be found in the respective publications 
(if anyone wants to go more in-depth) covers not only analytical 
methods but also environmental remediation applications 
(photocatalysis of dyes). Here, the general synthesis procedure 
and the type of coatings (involving polymers, nanoparticles, 
and their combination) that have been proposed up to now 
are described. The extraction devices used for the practical 
application of these phases are also presented and discussed.

Polymer-Coated Paper
In 2017, our research group explored the modification of filter 
paper by simple dip coating in order to synthesize sorptive 
phases for analytical sample preparation (15). Our previous 
experience of recycled polystyrene (PS) was applied for this 
purpose (16). The proposed fabrication procedure consists 
of the previous dissolution of the polymer into an appropriate 
solvent and the dipping of the paper in the resulting solution 
a defined number of times. After each dip, the paper is dried, 
and the evaporation of the solvent leaves a film of the polymer 
over the paper. Figure 1(a) shows the complete procedure 
for the fabrication of PS paper. Note that in this case, PS is 
taken from yogurt containers, increasing the green character 
of the synthesis as contaminant plastics can be recycled. 

In this initial study, the dip direction was identified as a 
critical aspect to guarantee the homogeneity of the coating. A 
quantitative factor, measured by infrared (IR) spectroscopy 
and proportional to the PS amount, was used to monitor the 
coating homogeneity. If the dip direction is maintained in several 
consecutive dips, the polymers tend to accumulate in the lower 
part of the paper (see Figure 1[b]) providing a non-homogeneous 
coating (the relative standard deviation [RSD] of the factor was 
higher than 30%). However, if the dip direction is changed 

(a) (b)

Repeated 2n-times changing 
the dip direction

0.5 cm

Dip Drying Cut

PS 3%

Dipping
direction

RSD 33% 3.6%

0.4860.471

0.664

0.887

1.115 1.114

0.843

0.685

0.782

0.790

0.844

0.776

0.789

0.804

0.788

0.854

FIGURE 1: (a) General procedure for the synthesis 
of PS paper. A 3% solution of polystyrene (PS) in 
chloroform is prepared and a segment of paper 
(3 × 1 cm) is immersed in it an even number of times. 
After being dried, the paper is cut into small segments 
used for independent extractions. (b) Distribution of 
PS over paper depending on the dip direction. The 
numerical factor is calculated dividing the absorbance 
at 696 cm-1 (IR characteristic band of PS) by the 
absorbance at 1033 cm-1 (IR characteristic band 
of paper) and therefore it is proportional to the PS 
concentration on the paper surface. If the dipping 
direction is maintained between dipping cycles 
heterogeneous distribution is obtained. If it is changed 
the paper is more homogeneously coated with PS.

FIGURE 2: SEM micrograph of a paper coated with 
polystyrene.
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between dips and the number of immersions is even, the 
polymer is more homogeneously distributed in the paper 
(see Figure 1[b]) and the RSD is below 4%. This aspect is 
particularly critical because, as can be seen in Figure 1(a), 
the paper is finally cut into smaller segments that are used 
for independent extractions. Therefore, the homogeneity 
in the synthesis defines the extraction reproducibility. 

The characterization of these materials was performed by IR 
spectroscopy and scanning electron microscopy (SEM). As way 
of example, Figure 2 shows the micrograph of a PS paper where 
a film of the polymer over the cellulose fibres is observed. The 
small holes over the surface can be ascribed to the evaporation 
of the solvent, and they can increase the porosity of the supports.

PS coating, as a result of the chemical characteristics, is 
useful for the extraction of nonpolar analytes with aromatic 
rings in their structure. These interactions are not selective 
at all, and therefore a chromatographic separation is 
needed for the individual determination of the extracted 
analytes. The selectivity can be improved further if mass 
spectrometry (MS) is used as the instrumental technique.

In a recent article, the group faced selectivity issues in the 
design of paper-based sorptive phases. Molecularly imprinted 
polymers (MIPs) present a network where matching cavities 
(in shape, size, and chemical environment) to the analyte 
or structure-related compounds are found. MIPs usually 
require a complicated procedure to be synthesized. In fact, 
the immobilization of classical MIPs over paper following a 
dip coating approach is not feasible because it requires the 
dissolution of the polymer, thus inducing the breakdown of the 
polymeric network and therefore of the selective cavities. Inspired 
by some articles describing the potential use of polyamides 
for the synthesis of MIPs (17,18), the direct polymerization-free 
synthesis of a MIP over filter paper was proposed (19). In this 
procedure, the polymer (nylon-6) is already present at the 
beginning of the synthesis. In this sense, nylon-6 is dissolved 
in formic acid, and the analyte is added to this solution. This 
solution is deposited on the paper, and the polymeric chains 
are arranged around the molecules of the analytes when the 
solvent evaporates, thus creating the selective cavities. These 
cavities present a chemically rich environment as polyamides 
can establish nonpolar (polymer backbone) and polar (amide 
group) interactions with the analytes. The enhanced selectivity 
of the MIP paper means that the chromatographic separation 
in the determination of quinine, which was selected as the 
proof-of-concept analyte, can be avoided. The inherent 
fluorescence of the analyte, which also provides an additional 
selectivity enhancement, has been exploited to develop a 
luminescent sensor. Figure 3 shows two pictures where the 

selectivity of MIP paper is demonstrated. These pictures were 
acquired under UV light after the incubation of NIP and MIP 
paper with a standard solution containing the fluorescent analyte. 
After the incubation, the MIP paper provided a fluorescence 
signal more than four times higher than the NIP. MIP paper 
can also be applied in chromatographic analysis to obtain 
cleaner extracts, which could contribute greatly to an enhanced 
selectivity. The removal of intereferents would also permit the 
development of faster separations and would protect some 
elements (injectors, column, or instrument) from deterioration.

Recently, the modification of paper with polymeric ionic 
liquids synthesized by the Radziszewski reaction has been 
evaluated (20). The synthesis only requires the incubation 
of the paper with the polymer and a thermal curing, thus 
reducing the solvent requirements. The sorptive phase was 
evaluated for the extraction of some anti-inflammatory drugs 
from biofluids (urine) and the analytes were finally determined 
by liquid chromatography with tandem mass spectrometry.

FIGURE 4: SEM micrographs of (a) raw paper and 
(b) nanocomposite coated paper. Adapted with 
permission from reference 21. In the raw paper 
the cellulose fibres are easily observed while the 
composite creates a porous coating over the fibres.

FIGURE 3: Pictures under UV radiation of NIP and MIP 
papers after the extraction of a solution containing 
quinine. The behaviour of NIP paper is equal to that 
observed for unmodified paper (picture not shown). 
Adapted with permission from reference 19.
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Nanoparticles-Coated Paper
Nanoparticles (NPs) are materials that present special 
properties derived from their nanometric (<100 nm) size. 
They have been successfully applied in sample preparation 
because of their high surface area, which enhances both 

the thermodynamics and kinetics of the extraction. The 
types of existing NPs, their possible derivatization, and 
some additional properties (for example, the magnetism of 
magnetic NPs) makes these materials even more attractive.

The immobilization of NPs in a paper by dip coating is 
challenging because the mechanical stability of the resulting 
film is compromised, and the coating can be removed during 
sample processing. This shortcoming can be overcome if 
the NPs are embedded in a polymeric network that protects 
them, thereby avoiding their release. Following this strategy, a 
polymeric composite comprising nylon-6 and TiO2 NPs was 
successfully immobilized over the paper (21). The synthetic 
procedure was similar to that previously described and 
consisted of the dissolution of nylon in formic acid and the 
subsequent dispersion of the NPs into the solution. Finally, the 
paper was dipped into the dispersion, and the evaporation 
of the solvent created a film of polymer with embedded 
NPs. Figure 4 shows the SEM micrographs obtained for raw 
paper and the nanocomposite-coated paper, where it can 
be seen how the cellulose fibres are entirely covered with 
the nanocomposite. Comparing Figure 4(b) and Figure 2 
shows that the presence of NPs changes the morphology of 
the coating. The NPs are intercalated between the polymer 
chains disturbing their normal stacking, creating globular 
structures. This intercalation also increases the active surface 
of the polymer, thus boosting its sorption capability.

This nanocomposite-based paper efficiently combined the 
sorption capacity of nylon-6 and the photocatalytic activity 
of TiO2 NPs. In this sense, when the paper is incubated 
with an aqueous medium containing organic pollutants, 
these compounds are transferred to the sorptive phase (the 
polymer) as it occurs in SPME. The yield of this extraction 
depends on the chemical affinity of the pollutant–polymer. 
If a nanocomposite-based paper containing the extracted 
pollutant is irradiated with UV light, TiO2 NPs absorb this 
radiation creating a redox pair (electron–vacant) that 
degrades the contaminant. Although its application goes 
beyond the analytical sample preparation, it paves the road 
to future developments combining polymers and NPs.

Although the use of a protective polymeric network is an 
elegant and efficient strategy to immobilize NPs over paper,  
the coating of paper with just pure single-wall carbon 
nanohorns (SWCNHs) was explored in 2018 (22). These 
nanoparticles present a tendency to create ordered 
aggregates (called dahlia) that assemble creating 
suprastructures of enhanced stability. If the paper is dipped  
in a chlorformic dispersion of carbon nanohorns, the 
evaporation of the solvent leaves a pure SWCNHs coating 

FIGURE 5: Paper coated with suprastructures of 
single-wall carbon nanohorns (SWCNHs). These 
suprastructures are created by the self-assembly 
of dahlias, which are ordered aggregates of 
SWCNHs. In the right panel, the SEM micrographs 
obtained for paper synthesized by one (lower 
picture) and three (upper picture) dips are shown. 
As can be observed, the thickness increases from 
84.273 µm to 194.663 µm with the number of dips. 
Adapted with permission from reference 22.

FIGURE 6: Pipette tip extraction device. The 
paper-based sorptive phase is fixed by pressure 
to the narrower section of the tip. The tip is not 
changed, and it can be used with the appropriate 
automatic pipette for aspirating different solutions.
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whose thickness depends on the number of dips, as 
indicated in Figure 5. The surprising mechanical stability 
of this coating was ascribed to the extraction unit, and 
the entrapment of the first layer of the suprastructures 
into the pores of the paper. In fact, after the washing 
step, no visible loss of NPs were observed.

Extraction Units
Two different extraction units have been used for the 
practical application of these phases. In the first approach, 
a commercial plastic pipette tip was used to develop the 
full extraction, including the isolation and elution step. If the 
paper is cut to an appropriate size, it can be introduced in 
the tip and fixed by pressure in its narrower section (see 
Figure 6). Once located there, the phase is mechanically 
stable and different solutions can be aspirated and ejected 
efficiently using the pipette. The disposable nature of this 
extraction unit makes it attractive for bioanalysis, avoiding 
cross-contamination between samples and reducing the 
exposure of the analyst to biological risks. However, as a 
result of the geometry of the tip, not all the aspirated sample 
come into close contact with the paper-based sorptive phase 
(located on the walls of the tip). This means it is necessary 
to perform many aspiration–ejection cycles to isolate the 
compound from the sample with a high extraction recovery. 
Therefore, the use of pipette tips can be tedious if the 
extraction is done manually, but these devices are compatible 
with already existing autosamplers for pipette tip extraction.

Faster extractions can be achieved using in-vial 
extraction formats. In this example, the paper-based 
sorptive phase is added to the vial containing the sample 
and vortexed to enhance the transference of the analyte 
from the bulk sample to the sorptive phase. Several 
samples can be vortexed simultaneously, thus increasing 
the sample throughput. However, the sorptive phase must 
be manually collected after the extraction and transferred 
to an empty vial where the elution takes place.

Conclusions
This article gives a general overview of the synthesis 
of paper-based sorptive phases by dip coating. These 
phases can be used in the analytical sample preparation 
step to isolate (and preconcentrate) the target analytes 
from the sample matrix, thus improving the selectivity 
and sensitivity of the final chromatographic analysis. 

The versatility of the coatings, which can be selected 
according to the analytical problem to be solved (binomial 
analyte/sample matrix), is especially relevant in this context. 
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In addition, the simple synthesis opens the door to the 
transference of this approach to other laboratories. Up to 
now, polymers, NPs, and the combination of both have 
been evaluated as potential coatings with interesting results. 
Considering the wide variety of the primary components 
(polymers and NPs), there is a considerable number of 
combinations that are worthy of being evaluated.

The modification of paper by dip coating is a simple but 
effective strategy to fabricate sorptive phases. In fact, the 
synthetic procedure avoids complex steps (for example, 
reflux) and it uses a low quantity of reagents and solvents. 

As has been demonstrated, paper-based sorptive phases 
can be applied not only in the resolution of different analytical 
problems but also in other fields like environmental remediation. 

In the near future, research will be focused on three 
main lines: a) the development of new phases with 
enhanced selectivity; b) the evaluation of new extraction 
strategies (for example, flow-through) to increase 
the extraction recovery; and c) the direct coupling 
of these phases with instrumental techniques (for 
instance, MS) to speed up the analysis of samples.

Acknowledgements
The research topic presented in this article has been the core 
of the doctoral thesis of Julia Ríos-Gómez, who is thankful 
for the predoctoral grant (ref FPU13/03549) from the Spanish 
Ministry of Education. The financial support of the Spanish 
Ministry of Economy and Competitiveness through the grant 
CTQ2017-83175R made this research possible. This project 
was started by the authors of the article, but other researchers 
of the group have also been involved in developments. We 
want to thank their efforts and contributions over these two 
years: Dr. Ángela I. López-Lorente, Dr. Beatriz Fresco-Cala, Dr. 
M. Teresa García-Valverde, Beatriz Ferrer-Monteagudo (B.Sc.), 
and M. Carmen Díaz-Liñán (B.Sc.). We would like to thank 
Prof. Luque for his contribution to the photocatalytic paper 
development. This article is based upon work from the Sample 
Preparation Task Force and Network, supported by the Division 
of Analytical Chemistry of the European Chemical Society.

References
1) D.E. Raynie, LCGC Europe 32(3), 144–147 (2019).
2) J. Zheng et al., TrAC Trends Anal. Chem. 108, 135–153 (2018).
3) M.N. Alam, E. Nazdrajić, V. Singh, M. Tascon, and J. 

Pawliszyn, Anal. Chem. 90(19), 11548–11555 (2018).
4) H. Piri-Moghadam, M.N. Alam, and J. Pawliszyn, 

Anal. Chim. Acta 984, 42–65 (2017).
5) I. Bruheim, X. Liu, and J. Pawliszyn, Anal. Chem. 75(4), 1002–1010 (2003).
6) Y.A. Olcer, M. Tascon, A.E. Eroglu, and E. Boyacı, TrAC 

Trends Anal. Chem. 113, 93–101 (2019).
7) E.M. Reyes-Gallardo, R. Lucena, and S. Cárdenas, 

TrAC - Trends Anal. Chem. 84, 3–11 (2016).
8) E. Zilfidou, A. Kabir, K. Furton, and V. Samanidou, Separations 5(3), 40  

(2018).
9) V. Kazantzi and A. Anthemidis, Separations 4(2), 20 (2017).
10) M.C. Alcudia-León et al., J. Chromatogr. A 1488, 17–25 (2017).
11) X. Meng, Q. Liu, and Y. Ding, Electrophoresis 38(3–4), 494–500 (2017).
12) M. Saraji and B. Farajmand, J. Chromatogr. A 1314, 24–30 (2013).
13) A.H. Ackerman and R.J. Hurtubise, Anal. Chim. Acta 474(1–2), 77–89 (2002).
14) E.-A. Kim and Y.Y. Lim, Microchem. J. 145, 979–987 (2019).
15) J. Ríos-Gómez, R. Lucena, and S. Cárdenas, Microchem. J. 133, 90–95  

(2017).
16) H. Ghambari, E.M. Reyes-Gallardo, R. Lucena, M. Saraji, 

and S. Cárdenas, Talanta 170, 451–456 (2017).
17) X. Zhu and Q. Zhu, J. Appl. Polym. Sci. 109(4), 2665–2670 (2008).
18) E.V. Dmitrienko et al., J. Mol. Recognit. 26(8), 368–375 (2013).
19) M.C. Díaz-Liñán, A.I. López-Lorente, S. Cárdenas, and R. 

Lucena, Sensors Actuators B Chem. 287, 138–146 (2019).
20) J. Ríos-Gómez et al., Anal. Chim. Acta 1094, 47–56 (2020).
21) J. Ríos-Gómez et al., J. Clean. Prod. 194, 167–173 (2018).
22) J. Ríos-Gómez, B. Fresco-Cala, M.T. García-Valverde, R. 

Lucena, and S. Cárdenas, Molecules 23(6), 1252 (2018).

Julia Ríos-Gomez received a B.Sc. in environmental 

sciences from the University of Cordoba, Spain, in 

2013. During that year, she was a collaborator 

student at the Analytical Chemistry Department at 

the University of Cordoba and completed her M.Sc. in 

chemistry in 2014, where she studied the potential 

of the hybrid material microparticle-aptamer to 

improve the selectivity of protein identification. She 

received her Ph.D. degree in November 2018. 

Rafael Lucena is a professor of analytical chemistry at 

the Department of Analytical Chemistry and secretary 

of the Institute of Nanochemistry of the University of 

Cordoba (Spain). His main research interests on the 

sample treatment context are related to the development 

of new extraction techniques, the application of new 

solvents, and the development of new sorbents.

Soledad Cárdenas is a full professor of analytical chemistry 

at the University of Cordoba where she also served as 

vice chancellor for academic affairs and competitiveness. 

Her research interest is focused on the development of 

new materials (for example, monolithic columns) in the 

sample treatment context. Her research group has made 

several contributions to the development of new extraction 

techniques. She is the coordinator of the Spanish Network 

on Sample Treatment, which is funded by the Spanish 

Ministry of Innovation, Science, and Universities.

66 LCGC Europe  February 2020

CÁRDENAS ET AL.



Analytical laboratories must follow various guidelines, such as ASTM standards, 
ISO norms, methods defined in pharmacopeias, good laboratory practices 
(GLPs), in‑house standard operating procedures (SOPs), and so on. The 
responsibility of the analyst is often restricted to the professional execution 
of well‑validated analyses, as required by the ordering party. In such cases, 
one is not bothered with sampling. But even then, it is obvious that all efforts 
to obtain true and precise analytical results (whereas trueness is more 
important than precision) are of little relevance if the sampling process was 
erroneous. The repeatabilities of the injection, of the method, or of the sample 
preparation have nothing to do with the pitfalls of sampling. For sample 
preparation in chromatography, see the book by Moldoveanu and David (1).

Sampling can be easy and almost error‑free, or it can be difficult and 
error‑prone. Concerning its errors, we can distinguish sampling bias and 
sampling uncertainty. Sources of bias include, but are not limited to:
• Wrong probing, such as taking samples only from the surface 

of the test piece, or only from well‑accessible places.
• Wrong containers, which contaminate or alter the samples during storage (2) 

and transport. Acidic solutions could dissolve cations from metallic boxes. 
• Containers that are not airtight, which can lead to evaporation of water or 

compounds with a high vapour pressure. 
• Too high a storage temperature, which could induce chemical decomposition 

of the sample.

Sampling: The Ghost in Front 
of the Laboratory Door 
Veronika R. Meyer1,2, 1Retired from Empa Material Science and Technology, St. Gallen, Switzerland, 2Retired from University of Bern, Bern, 

Switzerland

Sampling can be the most demanding part of an analysis. Anybody in charge of sampling needs a good 
understanding of the composition of the material to be investigated, its heterogeneity (or homogeneity, in 
simple cases), and the chemical properties of the analytes. Sampling procedures must be described in detail. 
Detecting the bias of a sampling procedure can be difficult; this fact is trivial, but it must not be forgotten. In many 
cases, gaseous and aqueous samples are homogeneous, at least at the local scale, but most solid samples are 
heterogeneous. A typical example is soil, which presents a twofold demanding problem for the analyst: first, the 
selection of the sites where the samples are taken, and second, the reduction of a sample (for example, 1 kg) to the 
analysis size (for example, 10 µL). The greater the heterogeneity of a material, the deeper a knowledge of sampling 
statistics is needed. In demanding cases, one should not do the work without the advice of a statistician. 

KEY POINTS
• Sampling is an important 

part of analysis.
• Examples of sampling in air, 

water, pharmaceuticals, food, 
and soil are described.

• Sampling statistics and 
uncertainty are explained.
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Sources of uncertainty can be, but are not limited to:
• Large but underestimated heterogeneity of the material; as 

a consequence, too small a number of samples is taken.
• Lack of knowledge of the sample composition. Maybe 

there are complexing agents that hide a certain amount 
of cations, or one does not know at all what might be 
present in the sample. It might be a party drug that is 
unknown so far; in that case, a quick test will not find 
it. If a high content of glycerol is not expected in wine, it 
is very possible that such a fraud will not be detected.

In some cases, it can be very difficult or impossible to 
detect (or assume) both bias and uncertainty. If a high degree 
of heterogeneity is presumed, the number of samples to 
be taken must be high. Usually, the heterogeneity of solid 
samples is of greater concern than that of gases and liquids.

However, there are also cases with simple and 
unambiguous sampling. If a doctor or nurse is taking blood 
from a person, everybody agrees that (a) this (perhaps 
tiny) sample represents the health state of the day, and (b) 
the analytical result is accurate, because it is obtained by a 
validated and well‑maintained device for clinical analysis.

In any case, the sampling procedure must be described 
in detail, including its possible pitfalls. If the material in 
question is heterogeneous, the uncertainty of sampling may 
be high, and this fact needs to be mentioned in a clear way.

The “great old man“ of sampling was Pierre Maurice Gy. He 
wrote numerous books about this topic, and their content is 
only readable for specialists ([3,4] as examples). Fortunately, 
there exists an easy‑to‑understand summary of his work by 
Patricia L. Smith (5). Her 96‑page book presents not only Gy’s 
error theory, but also simple experiments for its clarification.

IUPAC published a general sampling nomenclature 
for analytical chemistry in 1990 (6), and a terminology 
recommendation for soil sampling in 2005 (7).

FIGURE 1: The outer part of an air sampler on the 
Jungfraujoch, which is at an altitude of 3580 m. On  
this day its outer parts were covered with a lot of rime  
(frost). (Photo courtesy Empa Materials Science 
and Technology.)

FIGURE 2: The random sampling system of a sugar 
beet refinery. (a) General view of the areas for 
wagons (background) and trucks (foreground). Two 
vertical, hollow prickers (the thin, light grey “sticks” 
within the two “towers”) are mounted on the huge 
blue frame on which they can move in a random 
manner in the x and y directions. The pricking 
depth, that is the z direction, is also at random. (b) 
A pricker, the vertical, light grey steel element in 
the middle, takes a sugar beet sample from a truck. 
(Photo courtesy of Sugar Beet Refinery Aarberg.)

(a)

(b)
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Example of a Simple Gaseous 
Matrix: Air Pollution
The sampling problem of this example 
is simple because the sample is 
homogeneous at the local scale, 
although it is heterogeneous at 
the continental scale. Graziosi and 
associates investigated the carbon 
tetrachloride emissions in Europe 
(8), a long‑lived greenhouse and 
ozone‑depleting compound. What 
was needed were samplers (linked to 
analyzers such as gas chromatography–
mass spectrometry [GC–MS] instruments, 
located at different places within 
Europe), meteorological data, and 
statistical analysis. One of the sampling 
places was the Jungfraujoch, which 
is at an altitude of 3580 m in the Swiss 
Alps (Figure 1). Continuous sampling 
over years allowed the identification 
of “emission hot spots“ of CCl4. They 
were found in southern France, central 
England, and the Benelux countries 
(Belgium, Netherlands, Luxembourg). 
The good news is that the CCl4 emissions 
are decreasing, at least in Europe; the 
bad news is that they are still too high.

Example of a Simple Liquid 
Matrix: Water Pollution
This case is similar to the air pollution 
problem. A continuous high‑resolution 
liquid chromatography–tandem mass 
spectrometry (LC–MS/MS) survey of 
Rhine river water at Weil (Germany) 
showed an unknown large peak in June 
2016 (9). Sampling was easy, due to 
the locally homogenous character of 
the sample, but revealing the mystery 
was not. Upstream sampling at different 
places led to the conclusion that the 
source was in the region of Säckingen 
or Stein. A chemical plant was identified 
as the polluter. A so far unknown 
by‑product of a synthesis had found its 
way to the Rhine, amounting to 1.1 tons 
within one month. The company was 

cooperative, and modified the process, 
and was able to eliminate the pollution.

Lakes, however, often need 
another sampling technique. For the 
investigation of some environmental 
problems, samples must be taken at 
different depths because lakes are 
stratified (10). At a given depth, a 
sample is looked at as homogeneous.

A Special Case with 
Well‑Defined Solid Items: 
Uniformity of Content
Many drugs are prepared as  
well‑defined dosage units, namely 
tablets and capsules, but also powders  
or solutions that are enclosed in  
unit‑dose containers. Decades ago, 
the content of the active ingredients 
was analyzed by taking, for example, 
10 tablets, grinding them all together, 
and determining the mean values. 
However, as a patient, one wants some 
guarantee that every single tablet 
contains the amount(s) claimed on 
the label, especially if the prescription 
is one tablet per day. Therefore, the 
uniformity of content of such drugs 
needs determination by investigating 
individual tablets or dosage units. The 
pharmacopeias require very detailed 
tests and statistical calculations 
regarding the uniformity of content, 
with some minor differences in the 
procedures as described in the 
United States (11), European, and 
Japanese Pharmacopeias. The 
uniformity of content must be 
determined for each batch. 

Sampling for the uniformity test 
is simple; however, an interesting 
detail is noted in the instructions. No 
fewer than 30 units must be selected, 
and 10 units of this larger quantity 
are analyzed individually. Then the 
acceptance value is calculated 
with statistical tests explained in an 
extensive table. If the requirements 
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are not met, the next 20 units are investigated individually, 
followed by the appropriate statistical test, which is then 
crucial for acceptance or rejection of the batch.

Less Defined Sampling Units: Sugar Beets
A heap of sugar beets is not a homogeneous material in 
the strict sense. On the other hand, the heterogeneity is 
very clear. The heap consists of air, dirt, maybe stones, 
and beets, but the latter are very similar among each 
other. The farmer is paid in accordance to the quality of 
the delivered beets with regard to soiling with dirt, sugar 
content, α‑amino nitrogen, sodium, and potassium.

Sugar beets are delivered by trucks or by rail. A typical truck 
load has a weight of 20 tons, whereas a rail wagon carries 
about 55 tons (data from the sugar beet refinery Aarberg, 

Switzerland). From a truck, only one sample of about 30 kg is 
taken; from a wagon, two samples go to analysis. The samples 
are taken by a pricker with random steering (see Figure 2 and 
its legend for construction details as installed at the Aarberg 
refinery). This approach guarantees that random samples are 
obtained (see the next section about soil sampling), and that the 
farmer has no influence on the quality control. There is the risk 
that a farmer is under‑ or overpaid because a random sample 
may not represent the mean quality of his beets. However, 
most sugar beet farmers have a contract with the refinery 
over years, and inaccurate payments will equalize over time.

A Difficult Solid Matrix: Soil
Soil is very heterogeneous with regard to the chemical 
composition of small individual samples, but also with regard 
to the size of its particles (from dust to large stones). An 
erroneous soil analysis can lead to wrong and costly decisions: 
If the concentration of copper, for example, is claimed to be 
higher than it actually is at a promising site, the investment of 
a mining company will be in vain. Old advice is still valid:

The intensity with which a soil must be sampled to 
estimate with given accuracy some characteristic 
will depend on the magnitude of the variation within 
the soil population under consideration. The more 
heterogeneous the population, the more intense must 
be the sampling rate to attain a given accuracy (12).

In many cases of soil analysis (and of other heterogeneous 
bulk materials), the uncertainty resulting from sampling 
will be greater than the uncertainty of the analysis itself. 

How does one take representative soil samples if it must 
be assumed that the distribution of the analytes is not 
homogeneous over the area in question? The amount of material 
needed in the laboratory is much smaller than the amount 
that should be dug in the field. The first step will be to divide 
the area into (probably rectangular) units of equal size, and to 
number them consecutively. Afterwards, the units that will be 
sampled are determined by random numbers (12). It is really 
important to work with random numbers, and not with some 
preferences or clever ideas of the analyst. Random numbers 
can be obtained in a most convenient way from www.random.
org (13), which generates true random numbers based on 
atmospheric noise. Alternatives are the random number 
function of Excel (less recommended because the results are 
determined by an algorithm) or a drawing process. An example:

The person in charge decided intuitively to divide 
the area to be investigated into 96 rectangles. They are 

FIGURE 3: Three different sets of 10 random numbers 
out of the range between 1 and 96. The plots of land 
are divided into 8 × 12 areas which are numbered 
consecutively. The random numbers identify the 
areas that will be sampled (marked in orange). 

FIGURE 4: A cone obtained by pouring 1 kg of rice 
mixed with 115 g of grilled corn.
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numbered consecutively (If the soil is stratified and needs 
a thorough investigation, the arrangement of numbering 
must be extended to the third dimension, for example, to 
volumes instead of areas.) In this example, it was decided to 
analyze 10 units. At www.random.org, select the free service 

“numbers,“ and then the random sequence generator (this 
generator will not present duplicates, as could be the case 
with the integer generator). The boundaries will be 1 and 96 
in this example. Take the first 10 numbers. One may get:

15 92 46 64 69 80 20 9 34 81

Figure 3 shows three different sets of 10 numbers out 
of 96, as obtained by the random number generator 
mentioned above. It is obvious that true randomness is 
much more accidental than our imagination thinks.

From all these sub‑fields, a sample, of perhaps 1 kg, is 
taken. What happens with them in the laboratory? First, the 
particle size must be reduced by crushing, milling,  
or grinding; what should be obtained is a powder of uniform 
and small particle size (14). Still, and irrespective of the 

approach (10 samples of 1 kg or a 10‑kg mix of all samples), 
the amount is too large. An old method that can be used  
is coning‑and‑quartering (15). The material is poured onto  
a flat surface, then vertically (in the x and y directions) cut  
into four equal parts, and two opposite parts are 
processed further, maybe again by quartering. The 
weak point of this procedure is the fact that pouring 
will yield a cone with low‑density material on the top 
and heavier particles below; however, not in a regular 
manner. Therefore, more sophisticated techniques, using 
specialized machines, are needed for sample reduction.

Despite all these efforts, it is still questionable 
whether the small amount of the reduced sample that 
goes to the analysis is representative for the soil to be 
investigated. The sampling error depends on the number 
of particles in the sample (15); this fact is the reason 
why the particle size of the ground material should be 
as small as possible. The final sample should contain 
at least 105 particles, but 106 to 107 would be better.

A paper by Walsh and associates discusses the problems 
associated with the analysis of 2,4‑dinitrotoluene in firing point 
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soils and offers interesting reading (16). Sampling of particulate 
material is the topic of a chapter in a book by Merkus (17).

A simple experiment shows that it is difficult or impossible 
to obtain a representative sample from a heterogeneous 
mixture of items with different size, such as a material 
that was not ground to equal particle size. One kg of rice 
was thoroughly mixed with 115 g of grilled corn in a steel 
bucket, then poured to a cone, as mentioned above. The 
result is shown in Figure 4. The larger corn grains are 
overrepresented at the bottom circumference of the cone (its 
inner composition is unknown). In addition, their enrichment 
depends on the direction of pouring. Quartering of the cone 
of Figure 4 could perhaps be successful, but the result would 
strongly depend on the orientation of the quartering cross 
section. The segregation effect that occurs when a mixture 
with grains of different size (and the density or surface 
property) is shaken is called the Brazil nut effect (18); large 
grains accumulate on the top (however, also the contrary 
can occur which is known as the reverse Brazil nut effect).

Sampling Statistics
A company or laboratory confronted with difficult 
sampling problems needs deeper knowledge, such 
as a person who is able to set up sampling plans that 
follow the rules of state‑of‑the‑art statistics (19). 

The two basic rules for correct sampling are as follows (5):
• Every part of the lot has an equal chance of being in the 

sample. This is why the use of random numbers is important.
• The integrity of the sample is preserved 

during and after sampling.

It is obvious that even the best sampling plan will yield 
probabilities, and not certainty. Every analyst, contractor, 
and customer must live with this fact. Agreement 
with a limited statistical certainty P, often 95%, is a 
prerequisite. The number of samples n needed for a 
confidence interval d and a standard deviation s of the 
analytical results can be estimated as follows (1):

n = (        )n−1,P
d

s
2t

 [1]

where t is the variable of Student’s t distribution (20), which 
can be found in any statistics book. If P = 95.0% and n is high 
(for example, greater than 20), t rapidly converges towards 2. 
The problem with equation 1 is the fact that n is unknown, while 
t depends on n. An iterative process could be needed; however, 
a good judgement by eye will solve the problem. An example: 

The mean m of n = 10 samples is 273 with a standard 
deviation s = 33 (of a certain analyte such as nitrate or 
lidocaine, in ppm or another unit). The required statistical 
certainty P is 95%. t9,0.95 taken from a Student table 
is 2.26. The confidence interval d, which represents 
the tolerable uncertainty in the estimation of m is 15 
(a range of m between 258 and 288). Therefore:

2
n = (         )  = 25

2.26
15

33•

 [2]

Ten samples are not enough for the requirements defined 
above. If n would be 20, t19,0.95 is 2.09, and equation 1 gives 
n = 21. This result means that at least 20 samples should be 
investigated. Note that even then there is still a 5% risk that 
the true mean lies beyond the confidence interval of ±15.

The 20 analyses will probably yield another mean and 
standard deviation than the 10 first ones. Generally, it 
must not be forgotten that standard deviations from 
too small a number of data may deviate strongly 
from the “true“ value obtained with n = ∞ (21).

Sampling Uncertainty
When it comes to the uncertainty of sampling, US, 
together with the uncertainty of the analysis, UA, the same 
statement as noted above at sampling statistics is true: A 
specialist is needed who understands the problem and its 
mathematics. But even the non‑specialist must be aware 
of the fact that the total uncertainty Utot is the sum of both 
sub‑uncertainties, all of them expressed as square terms: 

U = +2
tot U 2

S U 2
A [3]

or U =tot U +2
S U 2

A√  [4]

A guide which explains the topic was published by 
Eurachem (22). Almost half of the 102‑page document 
is dedicated to six detailed case studies:
• Nitrate in lettuce, analysis by high performance liquid 

chromatography (HPLC). US is larger than UA.
• Lead in soil, analysis by inductively coupled plasma atomic 

emission spectroscopy (ICP‑AES). US is much larger than UA.
• Dissolved iron in water, analysis by ICP‑AES. 

US is larger than UA.
• Vitamin A in porridge, analysis by HPLC. US is smaller than UA.
• Enzyme in chicken feed, analysis by HPLC. 

US is larger than UA.
• Cadmium and phosphorous in soil, analysis by Zeeman 
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graphite furnace atomic absorption (GFAA) spectrometry 
and by calcium‑acetate‑lactate methods, respectively. US 
is larger than UA for Cd, and US is smaller than UA for P. 

Any analytical result should come with its uncertainty (23). It 
depends on the specific situation (who is the contractor, who 
needs the result, and why, how difficult and prone to bias is 
the sampling situation) whether a detailed evaluation of the 
sampling uncertainty is needed. One can imagine situations 
where this evaluation would be very welcome, but the 
laboratory is unable to present it. In such a case, it is important 
to describe the sampling process (and the considerations 
behind it) in detail, and even to give a stressable guess of 
the sampling uncertainty. A pragmatic approach to get an 
idea of Utot is to repeat the whole process of sampling and 
analysis n times: n samples, taken at different times and, if 
necessary, at different locations that then are prepared and 
analyzed in the laboratory with independent procedures (not 
same day, not same person, not same standard solutions). 
The standard deviation of this whole process could represent 
its uncertainty although the problem of bias remains open.
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Effects of Buffer Capacity in LC,  
Part 2: Visualization of pH Changes  
Inside the Column
Dwight R. Stoll1 and Thomas J. Lauer2, 1LC Troubleshooting Editor, 2Gustavus Adolphus College, St. Peter, Minnesota, USA

If I inject a sample buffered at a pH different from that of the mobile phase, how 
quickly is the sample buffer neutralized inside the column?

In last month’s instalment of “LC 
Troubleshooting”, we kicked off a 
series of articles on the topic of buffer 
capacity and liquid chromatography 
(LC) mobile phases. A fair amount 
has been written on this topic in 
LCGC over the years (1–4), but over 
time we continue to learn more about 
the details of what goes on inside 
LC columns, and thus it is good to 
periodically refresh our view of how 
buffers affect our separations. 

Last month (5), we demonstrated 
how the choice of mobile-phase 
buffer concentration and sample 
injection volume can have a dramatic 
impact on the quality of the resulting 
separation in cases where the 
analytes of interest are ionogenic 
and the mobile phase and sample 
pH values fall on two sides of a pKa 
of an analyte. For the purpose of 
demonstration, we used the analyte 
benzoic acid with the non-ionogenic 
analyte benzyl alcohol serving as 
a control molecule. This month, we 
take this line of thinking one step 
further and use in situ measurements 
of the mobile-phase pH before and 
after the column to help rationalize 
the effects of the mobile phase–

sample buffer mismatch on the 
separations that we observe.

Background: In Situ 
Determination of pH 
in LC Systems
A few years ago, we developed 
an approach to determine the pH 
of flowing mobile phase at the 
column inlet and outlet as a means 
of better understanding how pH 
changes inside of LC columns during 
separations (6). Our approach relies 
on the response of colorimetric 
indicator dyes to changes in pH. 
There are other approaches available 
to measure the pH of flowing mobile 
phase in an LC system, such as ion 
selective electrodes based on glass 
membranes built into a flow-through 
cell. We developed the colorimetric 
approach mainly because it has 
two features that differentiate it from 
electrode-based approaches: 1) the 
colorimetric approach can be used 
at high pressures; and 2) it enables 
detection of very fast changes in pH 
(on the scale of at least 10 ms). An 
illustration of the instrument setup 
for the colorimetric approach is 
shown in Figure 1. Panel a shows 

the configuration of the system used 
both for calibration and for in situ 
determination of mobile-phase pH at 
the column inlet. The central idea is 
that a cocktail of pH indicator dyes 
(commercially available in liquid form 
as “universal pH indicator”) is added 
to the mobile phase (1 part indicator, 
10 parts mobile phase) immediately 
prior to a diode-array UV detector 
that enables rapid measurement of 
the absorbance spectrum of the dye 
mixture over time. We first calibrate 
the system by delivering known ratios 
of two buffers (in the case of this 
work, pH 2.5 and 7.5) for which the 
expected pH can be calculated, and 
measuring the UV–visible absorbance 
spectrum at each of these pH levels. 
Absorbance values from three 
wavelengths (red, green, and blue 
light) are then used to calculate a 
single “hue” value that can be related 
to pH. This hue value provides 
a numerical position around the 
colour wheel, as shown in Figure 1. 
This process produces a kind of 
calibration function. We start with 
known pH levels and calculate the 
hue. Then, in an experiment where 
we want to know an unknown pH 
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level, we measure the hue and infer 
the pH from the calibration function. 
Readers interested in the details of 
these steps are referred to our prior 
paper describing the approach (6).

As indicated above, the 
configuration shown in Figure 1(a) 
enables calibration of the system, 
and determination of mobile-phase 
pH at what is effectively the column 
inlet (for instance, after the sample 
injector, but before the detector). 
Note that in this case we don’t 
actually place the column in the 
system; doing so would result in the 

indicator dyes flowing through the 
column and creating an entire set 
of challenges that is not necessary 
here. Then, to determine the pH at 
the column outlet, we do place the 
column in the system, but we move 
the point of addition of the indicator 
dyes to a point between the column 
outlet and the detector. Again, the 
dyes never go through the column 
itself, as shown in Figure 1(b).

Review from Last Time
In last month’s instalment of “LC 
Troubleshooting”, we demonstrated 

the effect of pH mismatch between 
the mobile phase and injected 
sample on chromatograms obtained 
for the ionogenic analyte benzoic 
acid, and the control molecule  
benzyl alcohol (5). The mobile  
phase was buffered at pH 3.2, 
and samples buffered at pH 7.0 
were injected. We varied the 
concentrations of both the mobile 
phase buffer (1, 15, and 100 mM 
phosphate) and the sample buffer 
(1, 15, and 100 mM phosphate) 
and injected volumes ranging from 
1 to 100 µL to get a sense for the 
effect of the buffer mismatch over 
a wide range of conditions. As one 
would expect, the overall trend 
is that injecting smaller volumes 
of sample in cases where the 
mismatch in buffer concentration 
is small or favours the mobile 
phase (injecting a sample at 1 mM 
into mobile phase at 100 mM; see 
Figure 2) produces the best results.

However, the results showed 
that if the injection volume is large 
(100 µL), even injecting a weakly 
buffered sample (1 mM, pH 7) into 
a moderately buffered mobile phase 
(15 mM, pH 3.2) can lead to poor 
results. Figure 2 shows a subset 
of these results for the case where 
the mobile phase is buffered with 
100 mM phosphate buffer at pH 3.2, 
and the sample is buffered with either 
1 or 100 mM phosphate at pH 7.0. 
Here we see that injecting the 1 mM 
sample yields good results even up to 
an injection volume of 100 µL, though 
this peak is slightly broader than 
the peaks for the smaller injection 
volumes (note that this broadening 
is not due to the injection volume; 
see Figure 2(a) from reference 5). 
However, when the sample buffer 
concentration is increased to 100 mM 
there is already a significant effect 
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FIGURE 1: Instrument setup for determining mobile phase pH in situ. (a) configuration 
for determining pH at the column inlet; (b) configuration for pH determination at 
the column outlet.
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injection volumes (colours), mobile-phase buffer of 100 mM phosphate at pH 3.2, 
and sample buffers of 1 or 100 mM phosphate at pH 7.0. Chromatographic 
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mL in each sample. For details on buffer preparation, see reference 6.
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of the sample buffer on retention of 
benzoic acid at 15 µL, and by the 
time we get to 100 µL the peak shape 
is awful and some of the analyte is 
even eluted at the dead time. Now, 
we have the opportunity to visualize 
the pH changes that are actually 
happening in the column using the 
in situ pH determination approach.

In Situ Determinations of pH 
Under These Conditions
The results of our in situ pH 
determinations under the conditions 
shown in Figure 2 are shown in 
Figure 3. In each graph we have pH 
plotted versus time (we refer to them 
as “pHgrams”), which shows the local 
pH of the mobile phase as it moves 
through the detector. The top two 
sets of pHgrams were obtained with 

no column installed (see Figure 1[a]), 
and thus effectively show us the 
pH of the mobile phase after the 
sample has been injected, but before 
it enters the column. The bottom 
two sets were obtained after the 
column, and thus show us the pH at 
the column outlet. In each case, the 
mobile phase was buffered at pH 3.2 
with 100 mM phosphate. The left 
two sets of pHgrams were obtained 
with samples buffered at pH 7.0 
with 1 mM phosphate, and the right 
two sets with 100 mM phosphate.

There are several interesting 
aspects of this set of pHgrams.  
First, Figure 3(a) shows us that  
even the weakly buffered sample 
of 1 mM phosphate produces a 
mobile phase zone that persists 
above pH 5 all the way to the column 

inlet when 30 or 100 µL of sample 
are injected. When the sample 
buffer concentration is increased 
to 100 mM, even the 5 µL sample 
produces a zone of pH 6 that persists 
at the column inlet. Moving on to the 
column outlet, we see that in general 
the maximum pH of the sample 
buffer zone as it exits the column 
is lower than the maximum pH of 
the zone entering the column. The 
most obvious explanation for this 
change is that the sample buffer 
band broadens due to dispersion 
in the column. This results in mixing 
and neutralization of the sample 
buffer with the mobile phase buffer. 
When the injected sample is 1 mM 
phosphate, this dispersion and 
neutralization results in a zone 
exiting the column that is always 

S E N S I T I V I T Y
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INTRODUCING A NEW GENERATION OF MODULAR PREMIUM LABORATORY BALANCES

SPONSORED BY

Introducing a New Generation of 
Modular Premium Laboratory BalancesA Q&A

Wallace Harvey
Regional Business Manager of 

Laboratory Weighing Division
Sartorius

LCGC: How long has Sartorius been 
providing weighing solutions to the 
pharmaceutical industry?

Harvey: Sartorius has been on the cutting 
edge of weighing technology and innovation 
since the company’s founding in 1870. Some 
major milestones in weighing technology 
achieved by the company include the 
world’s first electronic balance in 1970, the 
first monolithic weight cell in 1994, and then 
finally the Cubis® II, the first fully configurable 
balance series, introduced in 2009. A few 
years later, a high-capacity micro balance 
was added with 60 million divisions, which 
was the highest resolution laboratory 
balance on the market at the time.

LCGC: What does the new Sartorius 
Cubis® II balance platform offer?

Harvey: For scientists in R&D and analytical 
laboratories that need the most reliable 
laboratory weighing results, the Cubis® II 
platform from Sartorius offers a completely 
configurable, high-performance portfolio 
of both laboratory-weighing hardware and 
software. The balance allows users to align 
with their unique demands—from compliance 
requirements to maximizing operational 
efficiencies and experimental outcomes. 

The Cubis® II platform is the only laboratory 
balance with fully customizable hardware, 
software, and connectivity solutions. The 
platform offers modern user interfaces 
and GxP compliance for data handling, 
data integrity and connectivity, ergonomic 
sample handling, as well as easy process 
integration and unlimited communication at 
the highest level of accuracy and precision. 

From a portfolio standpoint, there are a 
number of different key advantages. From 
the weighing module standpoint, there are 
up to 46 different weighing modules that can 
best fit user parameters and preferences. 
Additionally, there are seven different 
models of draft shields to choose from. 
Depending on balance type and needs, 
there are unique features to support a range 
of balance performance and designs. Users 
can choose between an advanced and 
an essential user interface display based 
on what is being weighed as well as the 
applications and requirements. There are 
also up to 60 different optional software 
and applications clustered into QApp 
packages that allow for continuous software 
development over time, so workflows are 
supported now and into the future.

LCGC: What challenges do the 
pharmaceutical industry face when it 
comes to weighing?

Harvey: Data integrity violations are a major 
challenge facing the industry. Data integrity 
issues have been featured in 65% of all warning 
letters issued by the FDA in 2017. Violations listed 
in the warning letters include not documenting 
batch-related activities, backdating of data, not 
following procedures correctly, transferring data 
incorrectly, or insufficient audit trail (1). 

Attributable, Legible, Contemporaneous, 
Original, and Accurate (ALCOA) principles 
are used to address data integrity issues 
when using instruments such as the  
Cubis® II balance. Incorporating ALCOA 
into data integrity with the Cubis® II balance 
package helps users remain confident in 
their data. For example, the Cubis® II with 

a pharmaceutical package contains all of the technical 
controls that are necessary to support compliance with 
common regulations. Features include audit trail, alibi 
memory, access control and user management, backups and 
e-signatures, safe data transfer, and time synchronization. 
Together, these components enable the Cubis® II to be the 
first laboratory balance with a full form of compliance to 
comply with all neccessary data integrity regulations. The 
data generated by the Cubis® II is accurate and reliable for 
both paper and electronic records.

LCGC: How does the Cubis® II platform address 
compliance and data integrity requirements for 
pharmaceutical?

Harvey: From a mechanical standpoint, the hardware of 
the Cubis® II weighing systems fill the highest requirements 
with respect to accuracy and precision. When it comes to 
regulations such as FDA’s 21 CFR Part 11 and EU’s Annex 
11, compliance is covered in five main areas—audit trail and 
alibi memory, access control and user management, backup 
systems, time synchronization, and safe data transfer.

The Cubis® II’s audit trail is essentially a tamper-protected 
timestamp electronic log file that allows reconstruction of 
events related to the creation, modification, or deletion of 
records. Data can be easily displayed, filtered, recorded, 
and exported in various ways. Additionally, the system 
can automatically execute time-controlled actions for 
backups. Users are allowed to upload data onto a file 
share or export the data to other systems. Archiving is 
also easily done within full compliance.

The system enables the protection of electronic 
records from any sort of manipulation by saving all files 
together with a calculated MD5 checksum, which is 
stored in the audit trail files or a separate MD5 file. An 
accurate timestamp is essential for trusting records. The  
Cubis® II balance supports automatic time synchronization 
via a network time protocol (NTP). 

Electronic signatures can be used to sign the final report via 
the electronic signature feature for all weighing processes. The 
combination of both the username and a password is fully 
compliant with 21 CFR Part 11. Additionally, the Cubis® II balance 
provides two options for complete user management with access 
control: a local user management that can be configured in 
accordance with your password policy, or the password rules for  
21 CFR Part 11 compliance can be easily implemented by 
integrating the system into your company’s own domain to allow 
for a single sign-on. And in this case, the company-defined 
password rules are implemented automatically.

LCGC: What are some of the benefits associated with 
the advance software connectivity capabilities of the 
Cubis® II balance platform?

Harvey: Software benefits include flexibility and modularity, 
cost effectiveness, and a future-proof nature. There are 
more than 60 optional software applications that are 
clustered into four different QApp packages organized 
according to the applications and functions necessary 
in the laboratory. Users only need to select the QApps 

software necessary for their workflows and can pick 
and choose between different packages to fulfill specific 
demands. Packages come preinstalled on the balance 
with the option to add more later, and once the software 
is purchased and installed, free updates or upgrades are 
included with every balance in the Cubis® II portfolio for the 
lifetime of the product.

LCGC: What are some practical examples of how the 
intelligent design of the Cubis® II balance platform 
enables pharmaceutical and medical-device 
applications?

Harvey: One example involves the automatic motorized 
leveling function, a convenient feature that avoids the 
burdensome process of repeatedly have to prepare the 
balance. This is especially beneficial for applications in which 
hazardous samples might be employed in a fume hood. 
The user does not have to worry about leveling the balance 
because it is done automatically.

Another aspect that significantly aids the performance of 
measuring samples and weighing them in a pharmaceutical 
or medical-device environment is gesture control. This feature 
enables users to automatically have the balance recognize up 
to four different gestures that can be used and positioned near 
the balance directly in the flow of motion at their workspace via 
the gesture sensor. This feature allows users to open and close 
the automatic draft shield or start the ionizer and other functions, 
enabling users to work conveniently and efficiently within their 
workspace. This is especially helpful when working in a hands-
free environment where samples are simultaneously manipulated 
and weighed.

An additional instance involving the intelligent design is climate 
monitoring. The Cubis® II balance has a built-in climate sensor 
that monitors all influencing variables, including temperature, 
pressure, and humidity. This is critically important when trying to 
achieve highly accurate results in a pharmaceutical or medical-
device setting. Status center notification is another practical 
aspect of the Cubis® II for pharmaceutical and medical-device 
settings. This feature allows users to see all balance information 
and environmental conditions at a glance. Functions such as 
calibration, leveling, temperature and humidity settings, air 
pressure, and service functions are all centralized into one 
dashboard. In the event of a warning alert, a detailed help 
message is sent and support is available immediately so that the 
problem can be identified and corrected.

A final example involves the faster stabilization time of the Cubis® 
II portfolio. A major manufacturer in the stent industry wanted to 
compare the results of the Cubis® II balance against results that 
they were getting from another manufacturer. They noticed that 
they were getting 20% faster performance because of the faster 
stabilization times of the Cubis® II balance system. In conclusion, 
the Cubis® II helped improve this medical-device manufacturer’s 
laboratory testing efficiency, especially when they worked with 
larger quantities of solutions, standards, and materials.
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LCGC: How long has Sartorius been 
providing weighing solutions to the 
pharmaceutical industry?

Harvey: Sartorius has been on the cutting 
edge of weighing technology and innovation 
since the company’s founding in 1870. Some 
major milestones in weighing technology 
achieved by the company include the 
world’s first electronic balance in 1970, the 
first monolithic weight cell in 1994, and then 
finally the Cubis® II, the first fully configurable 
balance series, introduced in 2009. A few 
years later, a high-capacity micro balance 
was added with 60 million divisions, which 
was the highest resolution laboratory 
balance on the market at the time.

LCGC: What does the new Sartorius 
Cubis® II balance platform offer?

Harvey: For scientists in R&D and analytical 
laboratories that need the most reliable 
laboratory weighing results, the Cubis® II 
platform from Sartorius offers a completely 
configurable, high-performance portfolio 
of both laboratory-weighing hardware and 
software. The balance allows users to align 
with their unique demands—from compliance 
requirements to maximizing operational 
efficiencies and experimental outcomes. 

The Cubis® II platform is the only laboratory 
balance with fully customizable hardware, 
software, and connectivity solutions. The 
platform offers modern user interfaces 
and GxP compliance for data handling, 
data integrity and connectivity, ergonomic 
sample handling, as well as easy process 
integration and unlimited communication at 
the highest level of accuracy and precision. 

From a portfolio standpoint, there are a 
number of different key advantages. From 
the weighing module standpoint, there are 
up to 46 different weighing modules that can 
best fit user parameters and preferences. 
Additionally, there are seven different 
models of draft shields to choose from. 
Depending on balance type and needs, 
there are unique features to support a range 
of balance performance and designs. Users 
can choose between an advanced and 
an essential user interface display based 
on what is being weighed as well as the 
applications and requirements. There are 
also up to 60 different optional software 
and applications clustered into QApp 
packages that allow for continuous software 
development over time, so workflows are 
supported now and into the future.

LCGC: What challenges do the 
pharmaceutical industry face when it 
comes to weighing?

Harvey: Data integrity violations are a major 
challenge facing the industry. Data integrity 
issues have been featured in 65% of all warning 
letters issued by the FDA in 2017. Violations listed 
in the warning letters include not documenting 
batch-related activities, backdating of data, not 
following procedures correctly, transferring data 
incorrectly, or insufficient audit trail (1). 

Attributable, Legible, Contemporaneous, 
Original, and Accurate (ALCOA) principles 
are used to address data integrity issues 
when using instruments such as the  
Cubis® II balance. Incorporating ALCOA 
into data integrity with the Cubis® II balance 
package helps users remain confident in 
their data. For example, the Cubis® II with 

a pharmaceutical package contains all of the technical 
controls that are necessary to support compliance with 
common regulations. Features include audit trail, alibi 
memory, access control and user management, backups and 
e-signatures, safe data transfer, and time synchronization. 
Together, these components enable the Cubis® II to be the 
first laboratory balance with a full form of compliance to 
comply with all neccessary data integrity regulations. The 
data generated by the Cubis® II is accurate and reliable for 
both paper and electronic records.

LCGC: How does the Cubis® II platform address 
compliance and data integrity requirements for 
pharmaceutical?

Harvey: From a mechanical standpoint, the hardware of 
the Cubis® II weighing systems fill the highest requirements 
with respect to accuracy and precision. When it comes to 
regulations such as FDA’s 21 CFR Part 11 and EU’s Annex 
11, compliance is covered in five main areas—audit trail and 
alibi memory, access control and user management, backup 
systems, time synchronization, and safe data transfer.

The Cubis® II’s audit trail is essentially a tamper-protected 
timestamp electronic log file that allows reconstruction of 
events related to the creation, modification, or deletion of 
records. Data can be easily displayed, filtered, recorded, 
and exported in various ways. Additionally, the system 
can automatically execute time-controlled actions for 
backups. Users are allowed to upload data onto a file 
share or export the data to other systems. Archiving is 
also easily done within full compliance.

The system enables the protection of electronic 
records from any sort of manipulation by saving all files 
together with a calculated MD5 checksum, which is 
stored in the audit trail files or a separate MD5 file. An 
accurate timestamp is essential for trusting records. The  
Cubis® II balance supports automatic time synchronization 
via a network time protocol (NTP). 

Electronic signatures can be used to sign the final report via 
the electronic signature feature for all weighing processes. The 
combination of both the username and a password is fully 
compliant with 21 CFR Part 11. Additionally, the Cubis® II balance 
provides two options for complete user management with access 
control: a local user management that can be configured in 
accordance with your password policy, or the password rules for  
21 CFR Part 11 compliance can be easily implemented by 
integrating the system into your company’s own domain to allow 
for a single sign-on. And in this case, the company-defined 
password rules are implemented automatically.

LCGC: What are some of the benefits associated with 
the advance software connectivity capabilities of the 
Cubis® II balance platform?

Harvey: Software benefits include flexibility and modularity, 
cost effectiveness, and a future-proof nature. There are 
more than 60 optional software applications that are 
clustered into four different QApp packages organized 
according to the applications and functions necessary 
in the laboratory. Users only need to select the QApps 

software necessary for their workflows and can pick 
and choose between different packages to fulfill specific 
demands. Packages come preinstalled on the balance 
with the option to add more later, and once the software 
is purchased and installed, free updates or upgrades are 
included with every balance in the Cubis® II portfolio for the 
lifetime of the product.

LCGC: What are some practical examples of how the 
intelligent design of the Cubis® II balance platform 
enables pharmaceutical and medical-device 
applications?

Harvey: One example involves the automatic motorized 
leveling function, a convenient feature that avoids the 
burdensome process of repeatedly have to prepare the 
balance. This is especially beneficial for applications in which 
hazardous samples might be employed in a fume hood. 
The user does not have to worry about leveling the balance 
because it is done automatically.

Another aspect that significantly aids the performance of 
measuring samples and weighing them in a pharmaceutical 
or medical-device environment is gesture control. This feature 
enables users to automatically have the balance recognize up 
to four different gestures that can be used and positioned near 
the balance directly in the flow of motion at their workspace via 
the gesture sensor. This feature allows users to open and close 
the automatic draft shield or start the ionizer and other functions, 
enabling users to work conveniently and efficiently within their 
workspace. This is especially helpful when working in a hands-
free environment where samples are simultaneously manipulated 
and weighed.

An additional instance involving the intelligent design is climate 
monitoring. The Cubis® II balance has a built-in climate sensor 
that monitors all influencing variables, including temperature, 
pressure, and humidity. This is critically important when trying to 
achieve highly accurate results in a pharmaceutical or medical-
device setting. Status center notification is another practical 
aspect of the Cubis® II for pharmaceutical and medical-device 
settings. This feature allows users to see all balance information 
and environmental conditions at a glance. Functions such as 
calibration, leveling, temperature and humidity settings, air 
pressure, and service functions are all centralized into one 
dashboard. In the event of a warning alert, a detailed help 
message is sent and support is available immediately so that the 
problem can be identified and corrected.

A final example involves the faster stabilization time of the Cubis® 
II portfolio. A major manufacturer in the stent industry wanted to 
compare the results of the Cubis® II balance against results that 
they were getting from another manufacturer. They noticed that 
they were getting 20% faster performance because of the faster 
stabilization times of the Cubis® II balance system. In conclusion, 
the Cubis® II helped improve this medical-device manufacturer’s 
laboratory testing efficiency, especially when they worked with 
larger quantities of solutions, standards, and materials.
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LCGC: How long has Sartorius been 
providing weighing solutions to the 
pharmaceutical industry?

Harvey: Sartorius has been on the cutting 
edge of weighing technology and innovation 
since the company’s founding in 1870. Some 
major milestones in weighing technology 
achieved by the company include the 
world’s first electronic balance in 1970, the 
first monolithic weight cell in 1994, and then 
finally the Cubis® II, the first fully configurable 
balance series, introduced in 2009. A few 
years later, a high-capacity micro balance 
was added with 60 million divisions, which 
was the highest resolution laboratory 
balance on the market at the time.

LCGC: What does the new Sartorius 
Cubis® II balance platform offer?

Harvey: For scientists in R&D and analytical 
laboratories that need the most reliable 
laboratory weighing results, the Cubis® II 
platform from Sartorius offers a completely 
configurable, high-performance portfolio 
of both laboratory-weighing hardware and 
software. The balance allows users to align 
with their unique demands—from compliance 
requirements to maximizing operational 
efficiencies and experimental outcomes. 

The Cubis® II platform is the only laboratory 
balance with fully customizable hardware, 
software, and connectivity solutions. The 
platform offers modern user interfaces 
and GxP compliance for data handling, 
data integrity and connectivity, ergonomic 
sample handling, as well as easy process 
integration and unlimited communication at 
the highest level of accuracy and precision. 

From a portfolio standpoint, there are a 
number of different key advantages. From 
the weighing module standpoint, there are 
up to 46 different weighing modules that can 
best fit user parameters and preferences. 
Additionally, there are seven different 
models of draft shields to choose from. 
Depending on balance type and needs, 
there are unique features to support a range 
of balance performance and designs. Users 
can choose between an advanced and 
an essential user interface display based 
on what is being weighed as well as the 
applications and requirements. There are 
also up to 60 different optional software 
and applications clustered into QApp 
packages that allow for continuous software 
development over time, so workflows are 
supported now and into the future.

LCGC: What challenges do the 
pharmaceutical industry face when it 
comes to weighing?

Harvey: Data integrity violations are a major 
challenge facing the industry. Data integrity 
issues have been featured in 65% of all warning 
letters issued by the FDA in 2017. Violations listed 
in the warning letters include not documenting 
batch-related activities, backdating of data, not 
following procedures correctly, transferring data 
incorrectly, or insufficient audit trail (1). 

Attributable, Legible, Contemporaneous, 
Original, and Accurate (ALCOA) principles 
are used to address data integrity issues 
when using instruments such as the  
Cubis® II balance. Incorporating ALCOA 
into data integrity with the Cubis® II balance 
package helps users remain confident in 
their data. For example, the Cubis® II with 

a pharmaceutical package contains all of the technical 
controls that are necessary to support compliance with 
common regulations. Features include audit trail, alibi 
memory, access control and user management, backups and 
e-signatures, safe data transfer, and time synchronization. 
Together, these components enable the Cubis® II to be the 
first laboratory balance with a full form of compliance to 
comply with all neccessary data integrity regulations. The 
data generated by the Cubis® II is accurate and reliable for 
both paper and electronic records.

LCGC: How does the Cubis® II platform address 
compliance and data integrity requirements for 
pharmaceutical?

Harvey: From a mechanical standpoint, the hardware of 
the Cubis® II weighing systems fill the highest requirements 
with respect to accuracy and precision. When it comes to 
regulations such as FDA’s 21 CFR Part 11 and EU’s Annex 
11, compliance is covered in five main areas—audit trail and 
alibi memory, access control and user management, backup 
systems, time synchronization, and safe data transfer.

The Cubis® II’s audit trail is essentially a tamper-protected 
timestamp electronic log file that allows reconstruction of 
events related to the creation, modification, or deletion of 
records. Data can be easily displayed, filtered, recorded, 
and exported in various ways. Additionally, the system 
can automatically execute time-controlled actions for 
backups. Users are allowed to upload data onto a file 
share or export the data to other systems. Archiving is 
also easily done within full compliance.

The system enables the protection of electronic 
records from any sort of manipulation by saving all files 
together with a calculated MD5 checksum, which is 
stored in the audit trail files or a separate MD5 file. An 
accurate timestamp is essential for trusting records. The  
Cubis® II balance supports automatic time synchronization 
via a network time protocol (NTP). 

Electronic signatures can be used to sign the final report via 
the electronic signature feature for all weighing processes. The 
combination of both the username and a password is fully 
compliant with 21 CFR Part 11. Additionally, the Cubis® II balance 
provides two options for complete user management with access 
control: a local user management that can be configured in 
accordance with your password policy, or the password rules for  
21 CFR Part 11 compliance can be easily implemented by 
integrating the system into your company’s own domain to allow 
for a single sign-on. And in this case, the company-defined 
password rules are implemented automatically.

LCGC: What are some of the benefits associated with 
the advance software connectivity capabilities of the 
Cubis® II balance platform?

Harvey: Software benefits include flexibility and modularity, 
cost effectiveness, and a future-proof nature. There are 
more than 60 optional software applications that are 
clustered into four different QApp packages organized 
according to the applications and functions necessary 
in the laboratory. Users only need to select the QApps 

software necessary for their workflows and can pick 
and choose between different packages to fulfill specific 
demands. Packages come preinstalled on the balance 
with the option to add more later, and once the software 
is purchased and installed, free updates or upgrades are 
included with every balance in the Cubis® II portfolio for the 
lifetime of the product.

LCGC: What are some practical examples of how the 
intelligent design of the Cubis® II balance platform 
enables pharmaceutical and medical-device 
applications?

Harvey: One example involves the automatic motorized 
leveling function, a convenient feature that avoids the 
burdensome process of repeatedly have to prepare the 
balance. This is especially beneficial for applications in which 
hazardous samples might be employed in a fume hood. 
The user does not have to worry about leveling the balance 
because it is done automatically.

Another aspect that significantly aids the performance of 
measuring samples and weighing them in a pharmaceutical 
or medical-device environment is gesture control. This feature 
enables users to automatically have the balance recognize up 
to four different gestures that can be used and positioned near 
the balance directly in the flow of motion at their workspace via 
the gesture sensor. This feature allows users to open and close 
the automatic draft shield or start the ionizer and other functions, 
enabling users to work conveniently and efficiently within their 
workspace. This is especially helpful when working in a hands-
free environment where samples are simultaneously manipulated 
and weighed.

An additional instance involving the intelligent design is climate 
monitoring. The Cubis® II balance has a built-in climate sensor 
that monitors all influencing variables, including temperature, 
pressure, and humidity. This is critically important when trying to 
achieve highly accurate results in a pharmaceutical or medical-
device setting. Status center notification is another practical 
aspect of the Cubis® II for pharmaceutical and medical-device 
settings. This feature allows users to see all balance information 
and environmental conditions at a glance. Functions such as 
calibration, leveling, temperature and humidity settings, air 
pressure, and service functions are all centralized into one 
dashboard. In the event of a warning alert, a detailed help 
message is sent and support is available immediately so that the 
problem can be identified and corrected.

A final example involves the faster stabilization time of the Cubis® 
II portfolio. A major manufacturer in the stent industry wanted to 
compare the results of the Cubis® II balance against results that 
they were getting from another manufacturer. They noticed that 
they were getting 20% faster performance because of the faster 
stabilization times of the Cubis® II balance system. In conclusion, 
the Cubis® II helped improve this medical-device manufacturer’s 
laboratory testing efficiency, especially when they worked with 
larger quantities of solutions, standards, and materials.
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below pH 4, except for the 100 µL 
injection, where there is a small 
part of the zone that persists above 
pH 4. Because the pKa of benzoic 
acid is about 4.2, this reduction in 
the pH of the sample buffer zone 
travelling the column is consistent 
with the observation in Figure 2 that 
good peak shapes are observed 
even with injection volumes up to 
100 µL. However, when the sample 
is buffered with 100 mM phosphate, 
the 15, 30, and 100 µL injection 
volumes yield large zones above pH 
5 that persist all of the way through 
the column and to the detector. As 
one would expect, this zone of 
buffer above the pKa of benzoic acid 
results in a significant decrease 
in retention time and increasing 
in peak tailing (15 and  30 µL) 
and in the worst case a highly 
distorted and split peak (100 µL).

Closing Thoughts
Mobile-phase pH can have a 
significant effect on retention 
and peak shape for ionogenic 
analytes in several modes of liquid 
chromatography, and can be 
used to great effect for optimizing 
separations during method 
development. However, the effects 
of buffer type, concentration, and 
pH can be complex and lead to 
unexpected results. In this instalment 
of “LC Troubleshooting”, we have 
used in situ determinations of 
mobile-phase pH to rationalize the 
effects of mismatch between the 
pH and concentration of mobile 
phase and sample buffers used in 
reversed-phase LC. We see that the 
in situ pH determination approach 
enables visualization of pH changes 
that happen inside the column, which 
are consistent with the behaviour 

we observe for ionogenic analytes 
such as benzoic acid. Continued 
study of these effects will lead to 
a more complete understanding 
of all the variables in play when 
pH plays a role in retention, which 
in turn will lead to more efficient 
method development and more 
robust and effective LC methods.
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FIGURE 3: Four “pHgrams” at the column inlet (a) at 1 mM PO4 , and (c) at 100 mM PO4; 
and outlet (b) at 1 mM PO4, and (d) at 100 mM PO4. These pHgrams were obtained 
under the conditions described in Figure 2, using the setup shown in Figure 1. Line 
colours indicate injection volumes as shown in Figure 2. In this case, construction 
of the hue versus pH calibration function was done using different ratios of 100 mM 
phosphate buffers at pH 2.5 and 7.5, all containing 23% acetonitrile as in the mobile 
phases used in Figure 2. The pH values were calculated assuming completely aqueous 
solutions. We realize that these are not the actual pH values in the acetonitrile buffer 
solutions, but the differences in pH due to the addition of acetonitrile do not affect 
the overall conclusions drawn from the interpretation of the pHgrams shown here.
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State-of-the-Art in Capillary 
Liquid Chromatography: 
Now, Next, and How?
James P. Grinias1, Justin M. Godinho2, Fabrice Gritti3, Purnendu K. Dasgupta4, Kevin A. Schug4, and David S. Bell5, 1Rowan 

University, Glassboro, New Jersey, USA, 2Advanced Materials Technology, Inc., Wilmington, Delaware, USA, 3Waters Corporation, Milford, 

Massachusetts, USA, 4University of Texas at Arlington, Arlington, Texas, USA, 5Column Watch Editor 

The “State-of-the-Art in Capillary Liquid Chromatography” panel discussion at the 43rd International Symposium on 
Capillary Chromatography (ISCC 2019) in Fort Worth, Texas, USA, was a thoughtful dialogue on current challenges 
and potential future directions in the field. The session included a general overview of the current state of the field, key 
drawbacks preventing widespread use of capillary liquid chromatography (LC) columns, and how these challenges 
might be overcome. In this article, we highlight some of the common themes that were discussed as part of this panel.

The 43rd International Symposium on 
Capillary Chromatography (ISCC) and 16th 
GC×GC Symposium were held in Fort 
Worth, Texas, USA, from 12–17 May 2019. 
ISCC is the premier international meeting 
for pressure and electrodriven microcolumn 
separations and related techniques. This 
is the U.S. version of the highly successful 
meetings held in even years in Riva del 
Garda, Italy. The 44th ISCC and 17th 
GC×GC symposia will be held in Riva 
Del Garda from 24–29 May 2020 (iscc44.
chromaleont.it). The next instalment of 
ISCC and GC×GC in 2021 will return to 
Ft. Worth from 9–14 May 2021. As these 
symposia continue to evolve, new means 
for information sharing and participation 
engagement have been incorporated. 
In 2019, a series of panel discussions 
were instituted in the programme.

At the “State-of-the-Art in Capillary 
Liquid Chromatography” panel discussion 
at ISCC 2019, more than 25 attendees 
participated in a thoughtful dialogue on 
current challenges and potential future 
directions in the field. The panellists for 

this discussion, moderated by James 
Grinias (Rowan University), included 
three experts in the area: Justin Godinho 
(Advanced Materials Technology), 
Fabrice Gritti (Waters Corporation), 
and Purnendu “Sandy” Dasgupta 
(University of Texas at Arlington). 

The session began with a general 
overview of the current state of the 
field, with most agreeing that adoption 
of capillary liquid chromatography (LC) 
columns has been limited despite their 
multiple advantages over analytical-scale 
columns. Some of the key drawbacks 
preventing further use of capillary LC 
columns include: the considerations that 
must be made for instrument design 
and during column installation to prevent 
extracolumn volumes that broaden peaks; 
and the limited number of detection options 
that are compatible with capillary LC 
outside of mass spectrometry (MS). This 
is especially true with open-tubular LC 
(OT-LC) columns, which typically have 
inner diameters in the 1–5 µm range; the 
low flow rates that are used with these 

small diameter columns are generally 
incompatible with modern, commercial 
nano-electrospray ionization interfaces 
that make MS detection feasible. In 
general, industry leaders in the discussion 
concluded that the capillary LC segment 
of the overall LC column market is very low. 
These challenges identified in the opening 
minutes of the discussion framed the rest of 
the session in terms of how the community 
might work to overcome them and increase 
the use of the technique. In this article, we 
highlight some of the common themes 
that were discussed as part of this panel.

Capillary LC Columns
Inherently, the difference between 
traditional LC methods and capillary LC 
is the design of the column itself. Rather 
than a stainless steel analytical-scale 
column with an inner diameter in the 
range of 1.0 to 4.6 mm, capillary columns 
are typically packed in fused silica 
capillaries with inner diameters under 
500 µm. With these smaller dimensions, 
flow rates are significantly lower, which 
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means that special pumps capable of 
delivering accurate flow rates at nL/min 
to low µL/min flow rates are required. 
Additionally, the reduced column volume 
means that extracolumn effects related 
to connecting tubing, injection, detection, 
and unions have a much larger impact 
on chromatographic efficiency than 
with a traditional column. This set of 
factors has traditionally meant that 
the installation and use of capillary 
LC columns required a higher level of 
expertise than an analytical-scale column, 
which is one cause for their more limited 
usage. Attendees from chromatography 
manufacturers mentioned that capillary 
LC is only a very small segment of the 
overall LC market. This becomes a major 
challenge in advancing the technique, 
as major instrument and column 
manufacturers put fewer resources into 
developing capillary-scale technologies 
that lack a wide customer base to serve. 
Predominantly, capillary LC has developed 
in parallel with “omics” strategies that 
typically rely on coupling capillary LC 
columns with MS, and often relies on 
unique and specialized setups (1). Thus, 
while commercial column options are 
available, many researchers, especially 
academics, opt to pack their own capillary 
LC columns to meet their needs.

An ensuing discussion related to 
the observation that many academic 
researchers choose to pack their own 
capillary LC columns and the overall 
reproducibility of this column format. 
Recent research efforts to correlate 
packing techniques with both column 
efficiency and bed morphology, which 
can now be directly measured through 
confocal laser scanning microscopy 
(2–4), have provided insight into strategies 
for preparing capillary LC columns that 
provide very low theoretical plate heights, 
and are very reproducible (5). The general 
conclusions of this work suggested the 
implementation of high particle slurry 

concentrations, high pressures, and 
sonication during the packing process 
to obtain efficient capillary columns (6). 
Investigations of bed morphology have 
found that these packing parameters 
minimize particle size segregation and 
void formation throughout the bed structure 
that can hurt column performance 
(7,8). Other research groups have also 

identified column frits to be a key source 
of broadening in modern LC columns 
(9,10). In packed capillary LC columns, the 
strategy for trapping particles in the column 
is different than with analytical-scale 
columns, and many researchers have 
found success using polymeric potassium 
silicate frits for this purpose (11,12). While 
these frits still maintain high efficiency, 
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the panellists did identify the adsorption 
of trace analytes in biological samples 
onto the frits as one issue of concern to 
consider when using this approach.

The other column format that was heavily 
discussed during this session was OT 
capillary LC columns. Historically, the key 
challenge of utilizing OT-LC columns was 
limited loadability, as few detectors had 
sufficient sensitivity to detect the low level 
of analytes that could be injected onto 
the column without suffering significant 
band broadening due to overloading 
(13). However, as MS detectors continue 
to improve in sensitivity, this issue is 
becoming less of a concern. Additionally, 
the implementation of porous layer 
open-tubular (PLOT) columns in LC has 
provided increased loadability to these 
types of columns, without losing the 
efficiency benefits gained with the OT 
format (14–16). In PLOT-LC columns, a 
thin layer of silica or polymer monolith 
is bonded to the inner wall of the fused 
silica capillary, and then functionalized 
with the desired stationary phase. The 
increased surface area provided by 
this monolith allows for more analyte 
to be injected onto the column while 
only minimally increasing mass transfer 
broadening due to the added stationary 
phase support. Multiple research groups 
across the world have made advances 
in the preparation and use of these 
columns in recent years, which indicates 
they may be a key strategy in further 
expanding the implementation of capillary 
LC into analytical laboratories, although 
this growth will always be related to 
the aforementioned sensitivity issue in 
detectors. Furthermore, to truly achieve the 
full benefit of the OT-LC format, the total 
inner diameter of the column should not be 
larger than 10 to 15 µm at a maximum (17). 
Because this dramatically reduces the 
overall column volume, the considerations 
for extracolumn broadening described 
above become even more important.

OT-LC columns have also been 
utilized for ion chromatography (IC) (18). 
Many of the same challenges for other 
chromatography modes still exist when 
using OT columns in IC, but other unique 
opportunities are also present. Because of 
the ionic nature of the analytes separated in 
IC, contactless conductivity detection can 
also be used, which provides a zero-dead 
volume detection scheme without many 
of the issues that arise from coupling 
capillaries to MS (19,20). Also, a method 
for attaching latex anion exchangers 
directly to particles for stationary phase 
functionalization was described during 
the discussion (21,22). This technique 
was originally developed for IC, but 
could provide opportunities for other 
chromatography modes in OT-LC as well.

Coupling Capillary LC with MS
The other key discussion topic through 
the panel session on capillary LC was the 
need for improved detector interfaces, 
specifically with MS detectors. Because 
most capillary LC separations are 
coupled to MS, the interface between 
these two instruments is key to this 
analytical technique. Many in the audience 
discussed their frustrations with the 
current options that are available for 
coupling capillary LC with electrospray 
(or nanospray) ionization (ESI), and 
the general consensus among session 
attendees was that this is a fundamental 
hurdle to expanding capillary LC in the 
separations community. This interface is 
critically important to realize the sensitivity 
enhancements of nanospray regimes. 
There are a number of commercial 
platforms that are designed to make 
this coupling simpler for users, but the 
number of column options that can be 
used with these integrated spray devices 
is low. Again, the challenges of having 
major instrument manufacturers develop 
new methods for simplifying this interface 
were discussed, with the lack of a major 

capillary LC user base providing minimal 
business incentive to pursue this area. 
Rather, smaller start-up companies have 
taken the lead in this area, including 
908 Devices and their ZipChip platform. 
This product involves a monolithically 
integrated emitter tip on a microfluidic 
device (23), which reduced the need 
for coupling two fused silica capillaries 
(column and emitter tip) together and 
avoided potential silica fines that lead to 
clogs and higher back pressures. Others 
in the audience noted that the clogging of 
tips over time is a major issue in “omics” 
research where hundreds of samples are 
analyzed in a sequence; an in-line UV 
trace is consistent across the samples, 
but the MS signal slowly degrades over 
time due to clogging and degradation of 
the spray emitter tip. Because the highest 
signal enhancement occurs at the lowest 
flow rates (24), this issue will become 
critically important with smaller column 
and tip diameters that provide sub-10 nL/
min flow rates, a regime that is not easily 
achieved with commercial equipment.

Another area that was discussed in 
terms of coupling chromatography with 
MS was supercritical fluid chromatography 
(SFC). With the increase of SFC using 
analytical-scale columns over the past 
several years, the idea of renewed interest 
in capillary SFC was discussed. Capillary 
SFC was developed throughout the 
1980s and early 1990s, typically using 
an OT format and coupled to a flame 
ionization detector (FID) (25). As back 
pressure regulator (BPR) technology 
improved, and the desire in industry to 
utilize analytical-scale columns that many 
consider to be “more robust”, capillary 
SFC decreased in usage compared to the 
more traditional SFC in use today. However, 
with the growing importance of coupling 
capillary columns to MS, new opportunities 
may exist. SFC generally provides 
improved sensitivity with MS compared to 
LC based on enhanced desolvation in ESI 
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(26). SFC is also gaining attention as major 
industries become increasingly conscious 
about their environmental footprint, and try 
to decrease the amount of toxic solvents  
used for chemical analysis, with capillary 
flow rates reducing solvent usage 
even further. Attendees discussed the 
opportunities that exist now to explore 
packed capillary SFC techniques 
based on these various factors and 
expand its use relative to the other 
capillary LC methods in use today.

Moving Capillary LC Forward
Apart from technology and business 
aspects of capillary LC, two other factors 
related to the growth of the field were  
also identified: lack of education, and 
the need for a “champion” of the 
technique. In terms of education, most 
chromatographers are trained on 
analytical-scale instruments and columns, 

and are thus more familiar with and 
confident using these platforms.  
Because dead volumes in fittings and 
connections are critically important when 
using capillary LC columns, many users 
find that the skills that are sufficient for 
analytical-scale columns can still lead 
to poor peak shapes and lower column 
efficiencies when using capillary LC. The 
need for members of the academic 
community to better introduce and 
instruct young analytical scientists on 
the use of capillary LC was discussed 
during the panel. However, as most 
students take jobs in industry following 
their education, they will mainly continue 
to use analytical-scale instrumentation 
and must have more exposure to those 
platforms. Thus, determining when 
and if capillary LC will take a more 
prominent role at various pharmaceutical 
and chemical manufacturers will help 

guide expanded use of the technique 
in analytical chemistry education. 

Related to guiding the field as a whole, 
the perceived lack of a “champion” of 
capillary LC was identified. The case 
of solid-phase microextraction (SPME) 
was used to demonstrate how having a 
champion in the field consistently present 
to explain the advantages of the technique 
can help increase its use by others in the 
analytical community. Because capillary 
LC is a wide field, with many researchers 
investigating specific areas, it has been 
difficult to identify one single person 
who can promote the technique and 
its benefits to others. The panellists did 
indicate that there are many experts and 
leaders within the capillary LC community 
(a recent review on the field can be found 
in reference 27), and determined that 
this may be the reason why one single 
person has not been able to fully embrace 
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all aspects of capillary LC and promote 
its use over other chromatographic 
techniques. Instead, the challenge was 
made to the ISCC community as a whole 
to become a group of “champions” who 
work together to encourage increased 
use and adoption of capillary LC as 
a separations technique to others 
in the analytical chemistry world.

Conclusions
Upon completing the panel discussion, 
both attendees and participants were 
enthusiastic about participating in other 
panel discussions throughout the rest of 
the meeting and encouraged holding a 
similar session at future ISCC meetings. 
The challenge of promoting capillary 
LC as an important technique that falls 
between traditional, analytical-scale LC 
and direct infusion MS systems remains, 
but many clear opportunities to overcome 
this issue were determined at this event. 
First and foremost, improvements in 
the quality, robustness, and simplicity 
of electrospray interfaces to capillary 
columns are sorely needed, but whether 
the advances will come from academic 
or government laboratories or industry 
remains to be seen as the smaller 
market size provides less incentive 
for major instrumentation companies 
to pursue this area. To help grow this 
market and increase usage of capillary 
LC, a convincing “champion” or “team of 
champions” is needed to unambiguously 
demonstrate the reliability, reproducibility, 
and quantification capabilities of 
capillary LC–MS across a wide range 
of application areas. One approach 
to achieving this goal is the potential 
development of training laboratories based 
on academic–industry partnerships that 
provide collaborative research centres 
where these capabilities can be validated 
and used to solve the most challenging 
problems at the frontier of analytical 
research. On the industry side, input and 

commitment from both instrumentation and 
chromatography column manufacturers 
will be key to forward movement. From 
these partnerships, the hope is that 
new ideas and strategies for the next 
generation of capillary LC instruments 
can be identified and used to convince 
manufacturers of the key concepts 
needed in future instrumentation. The 
dialogue on these topics, and many 
others in the field, will continue at the 
upcoming ISCC and GC×GC symposia—
and we all hope to see you there and 
have you join the conversation!
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Size-Exclusion Chromatography 
for the Analysis of Complex and 
Novel Biotherapeutic Products
Jennifer Rea, David Fulchiron, Yun Lou, and Luda Darer, Genentech, South San Francisco, California, USA

Recombinant biotherapeutics have been produced and marketed for several decades, providing life-changing 
medicines for a variety of indications. With the maturation of the biotherapeutic market over recent years, novel 
protein products such as conjugates, bispecifics, fusion proteins, and coformulations are being developed. The 
detailed characterization and quality control of complex biopharmaceuticals has proven to be more challenging 
than the typical two-light-chain/two-heavy-chain monoclonal antibody products. This study presents applications 
of size-exclusion chromatography (SEC) for characterization and quality control of novel biotherapeutic 
products, including antibody–drug conjugates, hydrophobic proteins, and coformulations. Examples of 
modifying SEC mobile-phase composition and running conditions to modulate the separation are discussed, 
as well as approaches and strategies for analyzing atypical protein products such as coformulations. 

Modern biological drug development 
stems mostly from using recombinant 
DNA technology in living microorganisms 
such as Escherichia coli or Chinese 
hamster ovary (CHO) cells to produce 
therapeutic agents (1). These 
recombinant biotherapeutics have been 
produced and marketed for several 
decades, providing life‑changing 
medicines for a variety of indications (2). 
With the maturation of the biotherapeutic 
market over recent years, novel protein 
products are now being developed, 
including antibody–drug conjugates 
(ADCs) (3), bispecific antibodies (4), and 
coformulations (5). Although detailed 
characterization and quality control of 
biopharmaceuticals are expected for 
regulatory approval, the physicochemical 
analysis of novel biotherapeutics 
with their more complex formats is 
proving to be more challenging than 
the more traditional protein products, 
such as typical two‑light‑chain/

two‑heavy‑chain recombinant 
monoclonal antibodies (mAbs).

There are several categories of 
complex biotherapeutics, and only 
a few are described in this article. 
Two‑light‑chain/two‑heavy‑chain mAbs 
are commonly developed as therapeutics 
because of their specificity to a chosen 
biological target. ADCs leverage this 
specificity by having small‑molecule 
drugs attached to a mAb, such that when 
the mAb binds to a specific target cell, 
the entire complex is internalized and 
subsequently releases its small‑molecule 
drug payload into the target cells (3). 
This approach reduces the chance of 
off‑target side effects because the potent 
small‑molecule drug is mostly released 
into target cells. Bispecific mAbs, in turn, 
simultaneously bind to two targets as a 
result of different amino acid sequences 
in each Fab arm—for example, different 
complementarity determining regions 
(CDRs) in each antigen‑binding fragment 

(Fab) arm—whereas standard mAbs 
have the same CDRs in each Fab arm 
(4). Coformulations are mixtures of two 
or more different active pharmaceutical 
ingredients (APIs) in the same drug 
product, thus allowing for simultaneous 
dosing of multiple drugs and offering 
both increased convenience to the 
patient and potential synergistic effects 
(5). Other complex biotherapeutic 
formats, such as Fc‑fusion proteins, 
are in clinical development, but are 
not addressed in this article. 

This report covers several applications 
using size‑exclusion chromatography 
(SEC) to characterize challenging or 
complex mAb products. SEC is used 
to separate high‑molecular‑weight 
forms (HMW) or aggregates from the 
main peak, which primarily contains the 
monomeric protein species. To achieve 
size‑based separations, SEC columns 
are packed with porous material that 
serves as the stationary phase. In the 
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FIGURE 2: Expanded SE-UHPLC profiles of mAb2 using SEC mobile phase 
from USP <129> with and without 15% isoproponol in the mobile phase. 
Operating conditions for SE-UHPLC are similar to those used in Graf et al. 
(11), with the following exceptions: injection volume (10 µL instead 
of 5 µL), protein concentration (5 mg/mL instead of 10 mg/mL), column 
temperature (30 °C instead of 25 °C), and mobile phase (added 15% 
isopropanol to the mobile phase, where stated). A Tosoh TSKgel 
UP-SW3000 column (4.6 mm × 300 mm, 2-µm) was used for SE-UHPLC. 
High-molecular-weight forms (HMW), main peak, low-molecular-weight 
forms (LMW), and excipient region are denoted, where applicable.

mobile phase, molecules of various 
sizes flow into the column, and smaller 
dissolved molecules flow more slowly 
through the column because they 
penetrate into the pores of the stationary 
phase, whereas large molecules flow 
more quickly through the column 
because they are more excluded 
from the pores and are eluted in the 
void volume (6). Consequently, larger 
molecules are eluted from the column 
earlier and smaller molecules are eluted 
later, effectively separating the molecules 
by hydrodynamic radius, which generally 
correlates to molecular weight for mAbs. 

Size exclusion–high performance liquid 
chromatography (SE‑HPLC) has been the 
gold standard for size variant analysis for 
decades (6). SE‑HPLC is routinely used 
in quality control (QC) and development 
laboratories to quantify protein 
aggregates, which are of particular 
concern to health authorities because of 
their potential to elicit an immunogenic 
response (7,8). Aggregates and protein 
fragments may also affect the potency 
and pharmacokinetics (PK) of the drug 
product (9). A generic SEC method has 
been published in the U.S. Pharmacopeia 
(USP) General Chapter <129>, 

“Analytical Procedures for Recombinant 
Therapeutic Monoclonal Antibodies”, 
and the recommended conditions are 
shown in Table 1. A major advance in the 
field of SEC has been the development 
of size exclusion–ultrahigh‑pressure 
liquid chromatography (SE‑UHPLC), 
which utilizes instrumentation featuring 
decreased system volume and higher 
allowable back pressures compared to 
typical HPLC instruments. SE‑UHPLC has 
been demonstrated for high‑throughput, 
high‑resolution applications (10), and has 
been validated for use in QC laboratories 
(11). Figure 1 demonstrates the 
improvements in speed and resolution 
of a monoclonal antibody (mAb1) 
separated by SE‑UHPLC relative to 
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FIGURE 1: Expanded SE-HPLC and SE-UHPLC profiles of mAb1. Operating 
conditions for SE-HPLC are similar to those listed in Table 1, with the following 
exceptions: protein load (50 µL of 1 mg/mL mAb1 was injected instead of 
200 µg), column temperature (30 °C instead of ambient), and mobile phase 
(added 10% isopropanol to the mobile phase in Table 1). A Tosoh TSKgel 
G3000SWXL column (7.8 mm × 300 mm, 5-µm) was used for SE-HPLC. 
Operating conditions for SE-UHPLC are similar to those used in Graf et al. 
(11), with the following exceptions: injection volume (10 µL instead of 5 µL), 
protein concentration (5 mg/mL instead of 10 mg/mL), column temperature 
(30 °C instead of 25 °C), and mobile phase (added 10% isopropanol to the 
mobile phase). A Tosoh TSKgel UP-SW3000 column (4.6 mm × 300 mm, 
2-µm) was used for SE-UHPLC. High-molecular-weight forms (HMW), 
main peak, and low-molecular-weight forms (LMW) are denoted.
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SE‑HPLC. HMW forms are eluted before 
the main peak and low‑molecular‑weight 
forms (LMW) are eluted after the main 
peak. Note that peak integration strategy 
may vary from product to product (for 
example, continuous flat baseline versus 
continuous valley‑to‑valley baseline 
versus discontinuous peak‑to‑peak 
baseline), but different integration 
strategies may be acceptable as 
long as they are adequately justified 
(for example, a slanted baseline may 
cause a discontinuous baseline to be 
more accurate than a continuous flat 
baseline). In Figure 1, note that the 
SE‑UHPLC fragment peak after the main 
peak is grouped with the main peak. 
This grouping is done to obtain similar 
relative peak area quantification with the 
SE‑HPLC method, which does not resolve 
this fragment peak from the main peak. 

Although the SE‑HPLC method in 
USP Chapter <129> is suitable for 
many mAbs, the examples in this article 
will demonstrate that the USP <129> 
method may not be optimal for every 
biotherapeutic product. In these cases, 
a variety of strategies may be employed 
to improve the SEC separation, such as 
changing the mobile phase composition 
or switching from the HPLC version 
(the USP <129> method) to the UHPLC 
version to increase the resolution between 
size variant peaks. Detailed method 
development and troubleshooting of SEC 
methods are not covered in this article; 
rather, this article focuses on various 
complex and novel protein products 
(ADCs, hydrophobic proteins, bispecific 
antibodies, and coformulations) that 
benefit from advanced understanding 
of SEC separations and improved 

column and instrument technologies to 
enable better resolution and improved 
quantitation of protein size variants.

Materials and Methods
Columns and Chemicals: SE‑HPLC 
experiments were performed using 
a Tosoh TSKgel G3000SWXL column, 
7.8 mm × 300 mm, 5‑µm. SE‑UHPLC 
experiments were performed using 
either a Waters Acquity BEH200 SEC 
column, 4.6 mm × 300 mm, 1.7‑µm, 
or a Tosoh TSKgel UP‑SW3000 
column, 4.6 mm × 300 mm, 2‑µm.

Monoclonal antibodies were 
produced in‑house at Genentech. The 
thermally stressed sample for mAb3 
was produced by incubating mAb3 at 
40 °C for 14 d. The oxidation stressed 
sample for mAb3 was produced by 
incubating mAb3 with 1.6 mM AAPH 
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(2,2’‑azobis(2‑amidinopropane) 
dihydrochloride) for 24 h at 40 °C. 

The light‑stressed sample for mAb3 
was produced by subjecting mAb3 

to 1.36 million lux hours (M lux h) 
for a duration of 24 h. The thermally 
stressed sample for mAb5 was 
produced by incubating mAb5 at 
40 °C for four weeks. Common buffers, 
salts and solvents were procured 
from Fisher Scientific or VWR. 
Equipment: SE‑HPLC chromatographic 
experiments were performed on either 
an Agilent 1100/1200/1260 HPLC 
instrument or a Waters 2695(e) HPLC 
system. SE‑UHPLC chromatographic 
experiments were performed on either 
a Waters Acquity H‑Class UPLC or a 
ThermoScientific UltiMate 3000 RSLC 
system. Components of the system 
included a high‑pressure gradient 
binary pump (ThermoScientific RSLC) 
or a low‑pressure gradient quaternary 
pump (Waters UPLC), a column 
compartment capable of temperature 
control, an autosampler with sample 
temperature control capability, and a 
tunable UV–vis detector. Instrument 
control, data acquisition, and compilation 
of results were performed using 
ThermoScientific Chromeleon software.
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FIGURE 3: Expanded SE-UHPLC profiles of an ADC (mAb3) using SEC 
mobile phase from USP <129> with 10% isopropanol. Operating conditions 
for SE-UHPLC are similar to those used in Graf et al. (11), with the following 
exceptions: injection volume (10 µL instead of 5 µL), protein concentration 
(5 mg/mL instead of 10 mg/mL), and mobile phase (added 10% isopropanol to 
the mobile phase). A Tosoh TSKgel UP-SW3000 column (4.6 mm × 300 mm, 
2-µm) was used for SE-UHPLC. High-molecular-weight forms (HMW), main 
peak, and low-molecular-weight forms (LMW) are denoted. Peak identities 
(monomer, dimer, higher order aggregates, Fab/c [desFab], and Fab) are denoted 
in parentheses. Due to lack of adequate resolution, that is, no clear valley 
between peaks, the Fab/c peak is grouped with the main peak for the control.

TABLE 1: Recommended SEC operating conditions from USP <129>

Parameter Operating Conditions

Column dimensions 300 mm × 7.8 mm; 5‑µm

Column temperature Ambient

Injection volume 20 µL

Run time 30 min

Autosampler temperature Maintain at 2–8 ºC.

Detection wavelength UV 280 nm

Flow rate 0.5 mL/min

Mobile phase composition
Prepare by mixing 10.5 g of dibasic potassium phosphate, 19.1 g of monobasic potassium 
phosphate, and 18.6 g of potassium chloride per L of water. Verify that the pH is 6.2 ± 0.1.  
Pass through a membrane filter of ≤ 0.45‑µm or smaller pore size.

Sample solution
Dilute the sample to 10 mg/mL in mobile phase if dilution is required. Similarly, a blank should be 
prepared using an equivalent dilution of formulation buffer in the mobile phase.

System suitability solution

Prepare a 10 mg/mL USP Monoclonal IgG System Suitability RS solution in mobile phase by 
reconstituting the contents of one vial with 200 mL of mobile phase. Reconstituted system suitability 
solution should be used within 24 h after reconstitution, and should be stored at 2–8 ºC if not used 
immediately.

System suitability blank Use mobile phase.
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Methods: SE‑HPLC was performed 
using the SEC method conditions 
published in the USP Chapter <129>, 

“Analytical Procedures for Recombinant 
Therapeutic Monoclonal Antibodies”, 
(Table 1), unless otherwise indicated. 
SE‑UHPLC was performed using 
the SE‑UHPLC method conditions 
published by Graf and associates 
(11), unless otherwise indicated. 

mAb samples were diluted with 
mobile phase and kept at a temperature 
of 5 °C ± 3 °C in the autosampler. The 
column effluent was monitored at 
280 nm. A blank injection was performed 
with each sequence prior to sample 
injection. After the installation of a 
new column, conditioning runs were 
performed until consistent profiles were 
achieved. Each chromatogram was 
carefully integrated to ensure that only 
peaks not present in the associated 

blank were considered to be protein 
(ThermoScientific Chromeleon software).

ADCs and Hydrophobic Proteins
Although SEC serves as a primarily 
size‑based separation method, SEC has 
also been demonstrated to separate 
species based on hydrophobicity due 
to the interaction of the analytes with the 
stationary phase (12). These secondary 
interactions sometimes result in undesired 
increases in elution time and peak tailing, 
which may be mitigated by mobile phase 
additives. For example, the addition 
of organic modifiers has been shown 
to reduce hydrophobic interactions 
between the protein analytes and the 
stationary phase (13). Figure 2 shows a 
hydrophobic mAb analyzed by SE‑HPLC 
with and without the use of an organic 
modifier (15% isopropanol). The addition 
of the organic modifier decreases the 

main peak elution time and alters the 
peak profile. It should also be noted 
that the main peak width decreased 
with the addition of organic solvent to 
the mobile phase. Therefore, organic 
modifier in the mobile phase may be 
explored if peak broadening or peak 
tailing is significant for the main peak. 

ADCs generally have increased 
hydrophobicity compared to a standard 
mAb as a result of the hydrophobic 
linker drugs attached to the mAb. 
Thus, an SE‑UHPLC method with 10% 
isopropanol in the mobile phase was 
developed to mitigate the hydrophobic 
interactions between the ADC and 
the stationary phase (Figure 3). Upon 
different degradative stresses, the 
relative peak area of the HMW forms 
increase compared to the control. Peaks 
representing higher order aggregates (in 
other words, larger than dimer) increase 
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significantly upon different degradative 
stress conditions and elute earlier 
than the main HMW forms (dimer). 

While the use of an organic modifier 
in the SEC mobile phase can be helpful 
for improving resolution for hydrophobic 
analytes, addition of organic solvent 

may cause leachables from plastic 
containers to be eluted off the column 
and subsequently appear in the SEC 
chromatograms as new peaks. Given 
that leachables are small, they are eluted 
well after the analytes of interest, and a 
method that is too short would cause 

the leachables to appear in subsequent 
runs (Figure 4). In this instance, further 
characterization determined that the peak 
was a leachable generated from prolonged 
storage of sample in polypropylene 
tubes, and that organic solvent in the 
mobile phase caused the leachable 
to be eluted off the column. Indeed, 
organic solvents such as isopropanol 
are also used as extraction solvents 
during extractable studies (14). Therefore, 
careful consideration of sample container 
materials may be needed to avoid new, 
undesired peaks resulting from leachables. 

Bispecific Antibodies
As described previously, bispecific 
antibodies are designed to simultaneously 
bind to two different epitope targets due 
to the different amino acid sequences in 
each Fab arm. In some cases, one Fab 
arm of the bispecific antibody may be 
longer than the other Fab arm (11). Unlike 
standard mAbs, bispecific antibody 
products have unique but undesirable 
product variants such as homodimer 
(both Fab arms bind to the same target), 
mispaired or scrambled light chain, and 
single arm half‑antibodies (15). Some 
of these variants may be resolved 
using SEC, with SE‑UHPLC resulting 
in better resolution of these bispecific 
variants compared to SE‑HPLC (11). 

In one study, SEC directly coupled 
to native mass spectrometry (SEC‑MS) 
was developed to rapidly characterize 
a bispecific antibody and its variants 
(15). Generally, SEC methods do not 
have sufficient resolving power to resolve 
size variants of similar masses; however 
coupling MS to native SEC (SEC‑MS) 
can be used to identify noncovalent 
and covalent size variants with similar 
elution times. This tool is of particular 
importance for bispecific antibodies 
because bispecific aggregates and 
fragments often have similar SEC 
elution times as their homologous 
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homodimer variants, thus requiring 
an orthogonal technique (in this case, 
MS) to identify the peaks of interest. 

Because bispecific molecules have 
different types of size variants than 
traditional mAbs as a result of their 
asymmetrical structure (two different 
antibody halves in one mAb), their SEC 
profiles tend to have different peak profiles 
than traditional mAbs. The arrows in 
Figure 5 show fragment peaks eluted at 
different times for the standard mAb and 
the bispecific mAb. These differences 
result from the fact that the fragment in the 
mAb profile is Fab/c (otherwise known 
as a desFab or one-armed antibody), 
whereas the fragment in the bispecific 
mAb profile is primarily half antibody, 
which has a lower molecular weight and 
later elution time than the Fab/c fragment. 
Thermally stressing the bispecific mAb 
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co-formulation (mAb7 + Fab1). Operating conditions for SE-UHPLC are as 
follows: flow rate = 0.2 mL/min, run time = 40 min, column temperature 
= 40 °C, protein concentration = 14 mg/mL mAb7 and 5 mg/mL Fab1. 
Two Waters Acquity BEH200 SEC columns (4.6 mm × 300 mm, 1.7-µm) 
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(HMW), main peak, and low-molecular-weight forms (LMW) are denoted 
for each molecule. Monoclonal antibody size variants are illustrated.
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produces more Fab/c fragment, and the 
Fab/c and half‑antibody peaks in the 
stressed sample profile can be partially 
resolved by SE‑UHPLC (Figure 5).

Coformulation of Multiple 
Protein Products
With an increasingly diverse selection of 
mAb products in development and on the 
market, combination therapies of multiple 
biotherapeutics are being developed, 
further leveraging the wide selection of 
biotherapeutics available to treat complex 
diseases. Combination mAb therapies 
can be sequentially administered at 
the clinic (one drug after another) or 
co‑administered (two drugs in the same IV 
bag). For increased patient convenience, 
some manufacturers are moving towards 
coformulated drug products where two 
or more biotherapeutics are combined 
in the same vial and released by the 
manufacturer for shipment to the clinic 
(5). While the coformulated drug product 
is more convenient for the patient, it can 
be challenging for the manufacturer 
to develop analytical methods and 
specifications to ensure acceptable 
product quality of each individual 
drug in the comixed product (16). 

A typical SEC method, such as the 
USP <129> SE‑HPLC method, can be 
used to analyze coformulated or comixed 
biotherapeutics (16). However, the 
resolution of the USP <129> method 
may not be adequate for product quality 
assessment in a coformulation, particularly 
for two drugs having similar molecular 
weights. In these cases, various strategies 
may be employed to further increase the 
resolution to enable quantitation of the size 
variants in the coformulated drug product. 
For instance, an analyst may switch to 
SE‑UHPLC or multiple SE‑UHPLC columns 
in series to further improve the separation 
(17). Figure 6 shows the chromatograms 
obtained from a mAb + Fab (antibody 
fragment) coformulation using dual‑column 

or tandem SE‑UHPLC (for example, two 
columns connected in series). Although 
not all peaks are fully resolved, tandem 
SE‑UHPLC provides better resolution than 
single‑column SE‑HPLC. For degraded 
mAb + Fab samples (not shown), it may 
be difficult to determine by SEC which 
product variant from either mAb7 or Fab1 
has increased in the overlapping peak 
regions. SEC‑MS (15) or SEC with multi‑
angle light scattering (SEC‑MALS) (16) can 
be employed to elucidate the identities 
of the product variants in degraded 
coformulation samples, and SEC‑MS may 
provide relative quantities of the product 
variants in the overlapping peak regions. 
With this information, the likely degradation 
pathway of the coformulated product may 
be predicted, and the tandem SE‑UHPLC 
method may be used to monitor the size 
variants of the coformulated product 
based on the predicted degradation 
pathway. In other words, although the 
tandem SE‑UHPLC method may not 
resolve all size variants, the improved 
resolution and knowledge of the 
degradation pathway may be leveraged 
to interpret results from accelerated stress 
studies or real‑time stability studies.

Discussion and Conclusion
This article presents examples of SEC 
analysis of novel biotherapeutic products, 
which are generally more complex than 
traditional mAbs. Specifically, we covered 
hydrophobic molecules, ADCs, bispecific 
mAbs, and coformulations, all of which 
have unique considerations when 
developing and performing SEC methods. 
For hydrophobic molecules and ADCs, 
we demonstrated that adding organic 
modifier in the mobile phase reduced 
elution time of the main peak because 
of the disruption of the hydrophobic 
interaction between the protein and the 
stationary phase. We also showed that 
the addition of organic modifier can alter 
the peak pattern of the SEC separation. 

Therefore, one must use caution when 
adding organic solvent to the mobile phase, 
as unwanted changes to the peak pattern 
may occur in addition to the desired 
improvements in elution time and resolution.

Bispecific molecules and 
coformulations generally have more 
size variants than standard mAbs. 
Bispecific molecules may have unwanted 
half‑antibody in the sample that SEC 
can resolve from Fab/c (desFab) and 
Fab. Coformulated drug product 
samples have roughly twice as many 
product variants as a single API drug 
product. Because bispecific antibodies 
and coformulations have more variants 
to resolve, improved resolution in SEC 
analyses may be required for thorough 
physicochemical characterization 
of the product. In addition to the 
strategies presented here, other 
techniques, such as multidimensional 
LC (18), may be developed to 
achieve improved peak separation.

The rapid development of 
biotherapeutics has resulted in 
increasingly complex products, 
including ADCs, bispecific mAbs, 
and coformulations. Size‑exclusion 
chromatography techniques have 
also improved to allow for better 
resolution, faster run times, and 
improved characterization of these 
analytically challenging formats. Here 
we presented examples of SEC 
approaches for the analysis of ADCs, 
hydrophobic mAbs, bispecific mAbs, 
and coformulations. These examples 
demonstrate that although a generic 
SEC method has been published in the 
pharmacopeia, additional SEC method 
development may be required for the 
analysis of complex biotherapeutics. 
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Tackling Top-Down Protein Analysis
Kevin Schug discusses the advantages of using mobile phases with different pH values in the first and second 
dimension when using comprehensive two‑dimensional liquid chromatography (2D‑LC) methods for top‑down 
protein analysis. 
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Professor and Shimadzu 
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Biochemistry at The University of Texas 
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a Ph.D. in chemistry at Virginia Tech 
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Lindner. Schug was named the LCGC 
Emerging Leader in Chromatography 
in 2009. He is a fellow of both the 
U.T. Arlington and U.T. System-Wide 
Academies of Distinguished Teachers.

Q. You recently developed a 

comprehensive two‑dimensional liquid 

chromatography (2D‑LC) approach 

for “top‑down” protein analysis. Why is 

“top‑down” protein analysis important?

A: Protein analysis, proteomics, and 
other related -omics approaches have 
been major drivers of technological 
advances in separation science. 
These fields of research have 
driven instrument manufacturers to 
build more sensitive and capable 
analytical instruments, particularly 
for the different “flavours”of mass 
spectrometers that exist. Omics 
research has also prompted other 
suppliers to develop new sample 
preparation and chromatography tools 
to improve separations of complex 
biological mixtures. However, for the 
analysis of intact proteins, there is still 
plenty of room for more development.

The vast majority of protein analysis 
has been performed in a “bottom-up” 
fashion, where proteins are digested into 
constituent peptides before instrumental 
analysis. The so-called shotgun proteomics 
approach, developed initially by Yates 
et al. (1,2), has been perhaps the most 
popular approach for protein discovery. 
Additionally, a wide variety of methods 
exist to conduct quantitative protein 
analysis in a “bottom-up” fashion (3).

In contrast, “top-down” methods 
have grown substantially recently. This 
approach refers to introducing intact 
proteins for instrumental analysis, and 
using instrumental methods, such as 
different gas phase dissociation methods, 
to interrogate the protein (4). Top-down 
methods have the advantage of preserving 
fractions of different proteoforms, or 
proteins that might possess different 
combinations of post-translational 
modifications. Top-down methods have 
been used much more in the context 
of qualitative discovery experiments, 
rather than for quantitative analysis.

The large growth in protein 
biopharmaceuticals has spurred the need 
for more and better methods for quality 
control in the pharmaceutical industry. 
What is striking to me is how this has 
prompted analysts to adopt, utilize, and 
improve both bottom-up and top-down 
methods, including a wide array of 
chromatographic and mass spectrometric 
(MS) approaches (5). Even “middle-down” 
approaches are useful, where partial 
digestion of proteins can provide a middle 
ground compromise between accessing 
more complete aspects of intact protein 

proteoforms, while taking advantage of 
analytical methods that are more attuned 
to peptide or short protein analysis (6). 

Ultimately, in our laboratory, we are 
interested in two primary aspects of 
the protein analysis research. First, 
we would like to be able to develop 
quantitative methods that target multiple 
intact proteins. We believe these could 
be useful, both in clinical analysis 
to determine biomarkers, as well as 
for pharmacokinetic-type analyses 
associated with biopharmaceuticals. 
We have published several papers 
already along these lines, utilizing 
triple quadrupole mass spectrometry 
for multiple reaction monitoring (MRM) 
of intact proteins (7–10). Second, we 
are interested in advancing more 
complex methods, including the use of 
multidimensional separations, which can 
either handle more complex mixtures 
or reduce the need for manual analyst 
intervention (for example, on-line 
sample preparation) (11). This work on 
comprehensive 2D-LC using a reversed 
phase × reversed phase approach (12) 
certainly pushes the boundaries on the 
latter, and ultimately, we are interested 
in making a quantitative version of 
this method. It is important to note 
that mass spectrometry-compatible 
mobile phase systems are inherently 
desirable in all of these efforts.

Q. You developed a novel 2D‑LC 

approach for “top‑down” proteomics 

combining a high pH mobile phase in 

the first dimension followed by low pH 

mobile phase in the second dimension. 

Interview by Alasdair Matheson, Editor-in-Chief, LCGC Europe
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What is novel about this approach and 

what benefits does it offer the analyst?

A: If you took an instrumental analysis or 
analytical chemistry class in college, then 
you probably covered chromatography in 
some depth. The problem, in the context 
of this discussion, is that your instructor 
probably never touched upon protein 
separations. Everything was based on 
small molecules. Maybe some aspects 
of protein separations were covered in 
your biochemistry class, but those were 
probably not focused around the use 
of modern analytical instrumentation. 

That said, there is quite a bit of previous 
research on protein separations to draw 
upon if you want to start using your 
LC–MS instrument for protein analysis. 
However, one problem is that much of the 
older literature did not use MS detection. 
A quick overview of literature from the 
end of the 20th century will show that 

most of the published methods relied 
on a fairly high concentration (0.1% and 
greater) of trifluoroacetic acid (TFA) in the 
mobile phase. This is not a good mobile 
phase for MS detection; therefore, some 
additional effort was needed to make intact 
protein separations compatible with MS 
detection. We initially achieved this in a 
one-dimensional LC–MS method using a 
combination of formic acid, and a lower 
concentration of TFA (0.05%) (8). Some 
TFA is necessary to act as an ion-pairing 
reagent to aid separations, while the formic 
acid provides for good ionization efficiency.

Suffice it to say that protein separations 
are more complicated than small 
molecule separations. Slower diffusion 
and interaction kinetics lead to the use of 
wide pore stationary phase supports and 
potentially elevated temperatures. Proteins 
also exhibit a steep adsorption isotherm 
when introduced to chromatographic 

stationary phases (13). This means 
that small changes in mobile phase 
composition can drastically affect protein 
retention. For example, in reversed-phase 
separations, this behaviour means that 
a protein may be essentially irreversibly 
retained (a very high capacity factor) at 
30% organic in the mobile phase, but 
unretained with 35% organic. This amounts 
to an “on/off” retention mechanism. In 
previous work, Regnier and coworkers 
have discussed a stoichiometric 
displacement model, which is consistent 
with on/off retention (14,15). The premise 
is that a protein in a given conformation 
will remain adsorbed to the stationary 
phase until a sufficient mobile phase 
strength exists to desorb the protein. At 
that point, the protein is eluted. One should 
also be careful not to ramp the mobile 
phase gradient too quickly, because 
if the protein is desorbed and begins 

Smaller. Simpler. Safer.
Introducing the smallest and 
easiest to use hydrogen 
generator for GC-FID

The smallest laboratory-grade hydrogen generator in its 
class, Precision SL produces hydrogen gas at the push 
of a button. Simple to operate and maintain, featuring 
advanced fail-safe technology, Precision SL is the safer 
way of supplying hydrogen for your GC detector flame. 
Streamline your GC workflow with Precision SL

www.peakscientific.com/precisionSL
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to elute, but then experiences a high 
organic mobile phase on its way out of 
the column, it may then be retained by 
a hydrophilic interaction retention mode. 
Thus, protein separations usually involve 
modest or slow mobile phase gradients.

A practising chromatographer will 
realize that the best way to affect selectivity 
in chromatography is to change the 
stationary phase. This does not work 
as well in protein separations. Because 
the proteins sit down and adsorb to the 
stationary phase surface, and are then 
desorbed and elute when they experience 
a strong enough mobile phase, selectivity 
is more significantly controlled by 
protein conformation (14,15). Changing 
the protein conformation changes the 
adsorption isotherm and will change 
the point at which the mobile phase can 
activate the on/off retention switch. 

This thinking guided our choice of mobile 
phase conditions for developing reversed 
phase-based protein separation methods, 
which exhibited different selectivities. We 
already knew that comprehensive LC×LC 
in a reversed phase × reversed phase 
format could be very effective for peptide 
separations. Donato et al. showed that 
using a combination of a high pH mobile 
phase in one dimension with a low pH 
in the second dimension could achieve 
the highest degree of orthogonality in 
an LC×LC method (16). This means 
that such a configuration provides the 
best way to spread peptides across 
the two-dimensional separation space. 
Peptides that coelute in the first dimension 
separation can be well separated in the 
second dimension. We felt that this was a 
good approach to altering reversed-phase 
selectivity for intact proteins. We 
investigated this first in one-dimensional 
separations (17), and then we extended 
this to LC×LC methodology (12).

Further considerations guiding this line 
of research included the fact that we could 
use a, perhaps, less MS-compatible mobile 

phase in the first dimension (high pH) 
and then a more MS-compatible mobile 
phase in the second dimension (low pH). 
It is worth noting that the high pH mobile 
phase, which comprises the addition of 
triethylammonium carbonate (modified 
to pH 10), is indeed MS-compatible. 
However, it does not provide such sensitive 
detection as the low pH mobile phase, 
incorporating formic acid and TFA, to 
generate the typical multiply-charged 
(multiply-protonated) protein ion envelopes 
typically observed during electrospray 
ionization. Another reason for choosing 
a reversed phase × reversed phase 
approach is because there are more 
column chemistries and formats available, 
compared to other potential separation 
modes that might be considered.

Q. Could other characteristics of 

mobile phases be altered in the 

first and second dimension? 

A: Perhaps they could, but they might not 
be as effective. Protein separations require 
the addition of some sort of ion-pairing 
reagent. TFA provides that role in the low 
pH separations that we have reported, 
as well as in a lot of studies reported in 
the past. The modifier provides multiple 
effects. The acidic nature suppresses 
ionization of residual unbonded silanols on 
the stationary phase support surface; this 
reduces their ability to generate secondary 
interactions with analytes as they traverse 
the column; secondary interactions are 
the primary culprit for poor peak shapes. 
Additionally, the trifluoroacetate can ion pair 
with basic residues on the protein surface. 
This further masks potential interactions 
between basic residues and silanols, 
and it enhances the hydrophobicity 
of the protein, which ought to support 
reversed-phase retention on alkyl-bonded 
stationary phases. If one only uses formic 
acid in the mobile phase, then there 
can be carryover issues and poor peak 
shapes. The addition of a little bit of TFA 

quite drastically ameliorates this issue, 
but as mentioned above, care should 
be given to keeping the concentration 
low enough to avoid ion suppression 
during the transfer of separated 
species into the mass spectrometer.

One very promising alternative modifier 
to use instead of a TFA and formic acid 
mixture is difluoroacetic acid (DFA). While 
little has been shown in the literature 
to date (18), we recently evaluated the 
use of DFA as a suitable modifier for 
LC–MS of proteins. Suffice it to say that 
DFA appears to provide the best of both 
worlds. It has sufficient solution-based 
ion-pairing capabilities to enable quality 
protein separations, and it also exhibits 
much less deleterious effects for protein 
ionization. We found as much as an order 
of magnitude increase in sensitivity with 
the use of DFA. The article reporting 
that work is currently going through 
the review process for publication.

With the desire to switch the mobile 
phase to a basic pH to alter the selectivity 
associated with protein separation, a 
suitable ion-pair reagent was needed. In 
the end, triethylammonium bicarbonate 
(adjusted to pH 10) was found to provide 
the best results. Here, one would expect 
the high pH conditions to induce more 
negative charge on the proteins; the 
triethylammonium cation can then 
effectively ion pair with these negatively 
charged sites to improve peak shape 
and reduce secondary interactions and 
carryover during the chromatographic 
separations. Of course, the use of pH 10 
rules out the potential to use standard 
silica gel columns because these are not 
stable at high pH. This drastically reduces 
the number of column choices. In the 
end, it was possible to use a hybrid silica 
particle phase, which exhibits enhanced 
pH stability. Indeed, a very significant 
change in selectivity could be achieved 
using this basic mobile phase relative to 
the standard acidic mobile phase. This 
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choice enabled us to also combine the 
basic (1st dimension) and the acidic (2nd 
dimension) mobile phases to create the 
reported reversed phase × reversed 
phase method. Solvent mismatch issues 
were partially solved through the use of 
partial loop filling during modulation.

Indeed, it might be possible to 
find some alternative modifiers for 
creating suitable basic pH mobile 
phases. Very little research has been 
performed to investigate this further.

Q. How does this technique benefit 

the analyst?

A: Unfortunately, for the routine analyst, this 
method may not yet be so useful. That is 
because so many challenges still exist 
for the widespread implementation of 
LC×LC methods in general, much less 
for separating intact proteins. Overall, 
incorporating the second dimension into 
LC separations increases peak capacity, or 
the number of compounds, which can be 
separated in one analytical run. The overall 
peak capacity of an LC×LC method is 
equal to the peak capacity of the first 
dimension multiplied by the peak capacity 
of the second dimension. Therefore, it 
is not unreasonable to gain an order of 
magnitude in peak capacity by adding 
a second dimension to the separation. 

Development of such methods helps 
push the limits of what is currently available 
to researchers in a multitude of fields, 
particularly in omics research. Once 
various other hurdles to adoption and use 
are overcome (most notably the limited 
advances of LC×LC software, especially 
for quantitative applications), I believe we 
will see wider use of multidimensional LC 
separations. After all, there are scientists 
working on solving these problems (19). 
Currently, I think there is much more 
development and use of these techniques 
in Europe, compared to the United 
States. For this reason, in 2016, I took a 
sabbatical at the University of Messina 

(Italy) with Luigi Mondello and Paola Duga 
to learn comprehensive multidimensional 
techniques. I sense that the disparity in 
adoption of these techniques between 
Europe and the US stems from the greater 
emphasis on and monetary support 
for fundamental separation science in 
Europe. Such support in the United States 
is very focused on applications and 
short-term gains, and as such, we are 
lagging behind other parts of the world 
in this important area of development.

Q. What are the current challenges 

associated with quantitative top‑down 

protein analysis?

A: This is an area of research where there 
are no shortage of challenges. Compared 
to small molecules, there is much less 
fundamental understanding about the 
extent and nature of matrix effects that 
might exist during LC–MS of intact 
proteins. The majority of top-down work in 
the past has been discovery-based and 
has not focused on quantitative aspects. 
There are also fewer choices in terms of 
chromatographic columns and formats 
available for intact protein separations. 
This can limit flexibility and, ultimately, may 
limit the ability to solve some challenging 
separation problems. Non-immuno-based 
sample preparation technologies for 
intact proteins are virtually non-existent. 
I am still amazed that a commercial 
microplate-based wide-pore solid-phase 
extraction format does not exist. Sample 
preparation often requires micro-formats as 
a result of the limited availability of samples 
and the often low amounts and high costs 
of proteins. What about internal standards? 
There are not many choices, and it could 
cost tens of thousands of dollars to create 
stable isotopically-labelled variants of a 
protein. The availability of intact protein 
standards is rapidly increasing, but there 
is a high probability that these standards 
could contain different proteoforms than the 
same protein targeted from an individual. 

I do not think we will be considering 
LC–MS assays for the quantitative 
determination of intact proteins for routine 
analysis soon. That said, there can be 
some significant advantages to pursuing 
such a route. I will not expand on this now. 
Suffice it to say, this is a good area for 
research and development—to try to start 
to address and solve some of the existing 
challenges, and to add to the existing 
literature base with more information for 
others to drive further. After all, that is how 
science works and how things progress.
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Micro-Pillar Array Columns
PharmaFluidics has introduced the new µPAC capLC 
column for highly sensitive LC–MS analysis with shorter 
run times or higher throughput. Taking advantage of its 
micromachined pillar structure, µPAC capLC columns 
offer high reproducibility and robustness, according to 
the company. The flow rate range of 1–15 µL/min allows for applications such as 
proteomics, lipidomics, metabolomics, as well as biopharmaceutical applications.

www.pharmafluidics.com 
PharmaFluidics, Ghent, Belgium.

GPC/SEC Software
WinGPC UniChrom is a macromolecular 
chromatography data system (MCDS) developed for 
comprehensive analysis of macromolecules using LC in 
one or two dimensions. The Compliance Pack enables 
users to comply with regulations. The latest update 
introduces the WinGPC Data Safe for data security and 
support of automated sample pretreatment.

www.pss-polymer.com 
PSS GmbH, Mainz, Germany.

Purge Valve
The purge valve, with an PTFE frit, is an appropriate 
option to use with Agilent HPLC instruments. This 
purge valve has been engineered and tested to be 
equivalent to the corresponding OEM product. The 
valve uses a replaceable gold seal and a PTFE frit to 
protect the HPLC system.

www.sciencix.com 
Sciencix, Burnsville, Minnesota, USA. 

Breath Sampler
Markes’ BioVOC-2 breath sampler is a lightweight 
and simple-to-use device designed for non-invasive 
biological exposure monitoring of VOCs, according to 
the company. The device is simple to use and does not 
require medical training. Samples can be transferred 
to sorbent tubes for thermal desorption (TD)–GC–MS 
analysis, enabling the detection of trace-level VOCs.

http://chem.markes.com/BioVOC
Markes International Ltd, Llantrisant, UK.

Degasser
The Degasi high flow 1000 
degasser works with high flow 
rates and ultra-high degassing 
efficiency. With water-based 
solutions the system removes 
dissolved gases at flow rates up 
to 1000 mL/min. The degasser 
is equipped with the Systec DST 
pump and is suitable for clinical 
chemistry analyzers, dispensing 
applications, dissolution 
testing, process applications, 
high-throughput applications, and 
ink degassing.

www.biotechfluidics.com
Biotech AB, Onsala, Sweden.

(U)HPLC Column
Similar to the YMC-Triart Bio C4 
material, YMC-Triart Bio C18 offers 
300 Å pore size and is specifically 
designed for peptides, proteins, 
and oligonucleotides. The hybrid-
silica base (1.9, 3, or 5 µm) and 
polymeric bonding provide a robust 
C18 phase with a wide temperature 
(up to 90 °C) and pH range (1–12) 
to separate mid-MW biomolecules, 
according to the company.

www.ymc.de 
YMC Europe GmbH, Dinslaken, 
Germany.
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AF4 System
Asymmetric flow field-flow fractionation (AF4) is an advanced technique 
for achieving analytical and semi-preparative separations, applicable to a 
range of analytes including: proteins, polymers, nanoparticles, colloids, and 
complex fluids. Wyatt Technology’s Eclipse instruments cover a range of sizes 
from 1 nm to 10 µm. The systems allow separation 
to occur without shear or adverse, non-ideal column 
interactions.

www.wyatt.com/eclipse
Wyatt Technology, Goleta, California, USA.

Preparative Chromatography
Shimadzu’s Nexera Prep Series Preparative Purification Liquid Chromatograph 
(LC) provides excellent prep processes for extraction of target compounds and 
impurities during drug discovery in the pharmaceutical industry and purification 
of functional components in the chemical and food 
industries, according to the company. The product 
improves productivity via efficient preparative 
workflows using LC or LC–MS methods.

www.shimadzu.eu 
Shimadzu Europa GmbH, Duisburg, Germany.

Chromatography Accessories 
Action Europe offers bottles, closures, caps, seals, and syringe filters. Crimping 
and screwing bottles are offered from 2 mL to 1 L, as are closures and seals for 
all types of bottles and caps. Caps, aluminium standard caps, flip-off caps, flip 
tear-off caps, flip tear-up caps, and magnetic 
caps are available. Electric crimping machines 
are also available. Samples and a catalogue are 
available from the company. 

www.sertir.fr 
Action Europe, Sausheim, France.

Leak Detector
Restek’s new electronic leak detector can pinpoint small 
gas leaks quickly and accurately before they cause 
bigger problems, according to the company. The unit 
can be operated during charging or used up to 12 h 
between charges. In addition, it now comes with a 
flexible charging kit that includes both an universal AC 
power adaptor and an USB charging cable.

www.restek.com/leakdetector
Restek Corporation, Bellefonte, USA.

Pyrolysis System
The Gerstel Pyro performs 
automated pyrolysis at up to 
1000 °C of 40, 80, or 120 samples 
in combination with the Gerstel 
MultiPurpose Sampler (MPS) 
robotic system. Thermal desorption 
before pyrolysis-GC–MS removes 
interfering volatiles ensuring a 
clean pyrogram. Smart Ramped 
Pyrolysis (SRP) reportedly provides 
additional information on polymer 
mixtures without prior method 
development.

www.gerstel.com  
Gerstel GmbH & Co. KG, 
Mülheim an 
der Ruhr, 
Germany.

Hydrogen Generator
Designed for GC–FID, Precision 
SL is a small and easy-to-use 
laboratory-grade hydrogen 
generator, according to the 
company, producing hydrogen 
gas at the touch of a button. 
Available in both 100 cc and 
200 cc, the hydrogen generator 
is reportedly simple to use 
and maintain with advanced 
technology, to offer a safer 
solution for flame detectors.

www.peakscientific.com/
precisionSL 
Peak Scientific, Scotland, UK. 
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1–5 MARCH 2020
Pittcon Conference and Expo 2020 
McCormick Place, Chicago, Illinois, USA
E: info@pittcon.org
W: https://pittcon.org

5–8 APRIL 2020
The 36th International Symposium 
on Microscale Separations and 
Bioanalysis 
Saint-Malo, France
E: info@msb2020.com
W: www.msb2020.com

21–22 APRIL 2020
The 13th International Scientific 
Conference on Ion Chromatography 
and Related Techniques 2020
Zabrze, Poland
E: rajmund.michalski@ipis.zabrze.pl
W: http://ipis.pan.pl/pl/pm-konferencje/
konferencje-planowane

24–29 MAY 2020
The 44th International Symposium 
On Capillary Chromatography 
(ISCC) and 17th GC×GC Symposium
Palazzo dei Congressi, Riva del Garda, 
Italy
E: iscc@chromaleont.it
W: www.chromaleont.it/iscc

31 MAY–3 JUNE 2020
33rd International Symposium 
on Preparative and Process 
Chromatography
Baltimore, Maryland, USA
E: janet@barrconferences.com
W: www.PREPsymposium.org

22–24 JUNE 2020
LabWorld China 2020
Shanghai, China
E: salesoperations@ubm.com
W: https://www.pmecchina.com/labworld/
en

21–25 SEPTEMBER 2020
ISC 2020 Conference
Budapest, Hungary
E: elesetele@diamond-congress.com
W: www.isc2020.hu

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

Analytica 2020 

The International Trade Fair for Laboratory 
Technology, Analysis, Biotechnology and 
Analytica Conference 2020 will take place in the 
International Congress Center (ICM), Munich, 
Germany, from 31 March to 3 April 2020.

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 
increasingly rests on digitization in analytical disciplines: What do materials scientists 
use artificial intelligence 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 are being discussed 
by renowned researchers from around the world at the Analytica conference.

In addition to the overarching focus on digitalization, the conference agenda 
covers a wide range of current topics. The subject of doping control will be prominent 
with the Summer Olympic Games in Tokyo on the horizon. The wide variety of 
performance-enhancing substances—ranging from small inorganic substances 
to large biomolecules—are constantly changing and analytical techniques are 
in a constant race to keep up, making doping an exciting topic to cover.

The basis of the Analytica conference continues to be the numerous new 
developments in instrumental analysis. Thus, there are dedicated sessions 
on chromatography and mass spectrometry, spectroscopy, microscopy, and 
electroanalysis covering recent advancements and what the future holds 
for those techniques. A further session has been organized jointly by the 

“Pharmaceutical and Chemical Group” from Merck and the diagnostics company 
Immundiagnostik and will feature a series of lectures on biotechnologically 
produced active pharmaceutical ingredients. The importance of analysis for the 
pharmaceutical and healthcare sector is a major topic of interest at Analytica. 

The multifaceted programme, organized by the Association of German Chemists 
(Gesellschaft Deutscher Chemiker, GDCh), the Society for Biochemistry and Molecular 
Biology (Gesellschaft für Biochemie und Molekularbiologie, GBM), and the German 
Society for Clinical Chemistry and Laboratory Medicine (Deutsche Gesellschaft für 
Klinische Chemie und Laboratoriumsmedizin, DGKL), invites you to look beyond your 
own horizons and let yourself be inspired by colleagues from other analytical disciplines.

The Analytica conference offers a great opportunity to exchange experience with 
your peers—and in the age of digitization and digitalization, this is more important 
than ever. Despite the many digital techniques and extremely helpful methods of 
AI, the knowledge, inventiveness, and, last but not least, intuition of experienced 
analysts will remain irreplaceable in the future. The challenge is to combine human 
expertise with the capabilities of machines. At the Analytica conference in Munich 
from 31 March to 3 April 2020, visitors can learn how this is already being done 
today and what opportunities this will open up for the analysis of tomorrow.

The Analytica conference takes place in the ICM in the immediate 
vicinity of the exhibition halls and is free for all Analytica visitors. 
For more information, please visit www.analytica.de/conference
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