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R. Ditz

1.1
Liquid Chromatography — its History

For obvious reasons the ‘official’ birth date of chromatography is linked with the first
use of the name ‘Chromatography’ (writing with colors) by M.S. Twsett in his article
on chlorophyll substances published in 1903.

However, the existence and utilization of adsorptive methods for substance purifi-
cation was practiced well before that time. Applications of liquid phase separations
started as early as the turn of the 19" century, that is if one does not acknowledge
wood as the first described adsorption medium (Moses 2, 15 (23-25))

Interesting or naturally enough the early history of liquid chromatography has
been all preparative. Also, a significant amount of separation work was performed in
an engineering environment long before the fundamental work of Michael Twsett,
and this is a kind of parallelism, which has continued until today. For almost a cen-
tury, separation methodology therefore has been developed and practiced in the two
different fields without too much interaction and interfacing. In today’s world, where
as fast a transfer as possible from basic research to practical application has become
mandatory, the integration of chemical research and process engineering is key to
success. This is one of the major driving forces for producing this book, in order to
describe the approaches to and the aspects of chromatography from the side of the
chemist as well as from the side of the engineer.

Milestones in the development of Chromatography are linked to the work of many
outstanding scientists, such as Ramsay, Langmuir, Berl and Schmidt, Kuhn, Martin
and Synge, Cremer and others. It would expand the scope of this contribution to
highlight the historical merits of these scientists and the reader is referred to special
references (Wintermeier, s. Unger, 1990 and Ettre, 1996).

Also, as this book deals with preparative and process scale aspects and applications of
chromatography, the vast efforts made in the analytical fields cannot be covered here.

After the first, and in many ways pioneering, work of Michael Twsett, further
development of Column Liquid Chromatography (CLC) was hampered because his
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work had only limited public exposure as it was not published in English or, at least,
German. Therefore, it took more than a decade, before Kuhn and Lederer in Heidel-
berg applied Twsett’s approach to carotinoid separation in the late 1920s, which was
followed by another dormant period until the late 1940s (Fig. 1.1).

Towards the end of the Second World War basic and directive studies on Gas
Chromatography (GC) were performed. GC became a powerful separation method in
the analysis of hydrocarbon mixtures obtained from petroleum fractions. It was fol-
lowed by Thin Layer Chromatography (TLC) in the mid-1950s.

Between 1950 and 1960 Size Exclusion Chromatography (SEC) became a popular
technique in two branches: the fractionation of synthetic polymers, described as gel
permeation chromatography, and in the resolution of biopolymers, termed as gelfil-
tration. The former was performed on cross-linked porous synthetic polymers, the
latter on cross-linked polysaccharides (Sephadex).

The real advancement of High-Performance Liquid Chromatography (HPLC)
began during the late 1960s when small porous particles became available. It took
several years before spherical porous particles were accepted over irregular chips.
However, before porous particles took the floor porous layer beads with a solid core
of 40 um and a thin porous layer of 1-2 um were the adsorbents of choice. The seri-
ous limitations of such packings were quickly recognized. The breakthrough of
HPLC as a routine technique occurred in the mid-1970s with commercial availability
of reversed phase silica packings that carried bonded n-octadecyl and n-octyl groups
at the surface. One of the latest developments takes advantage of the thermodynamic
properties of super-critical fluids and modified HPLC technology — so-called Super-
critical Fluid Chromatography (SFC).
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Figure 1.1 Development of chromatography over one century.
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Finally, as a hybrid between pressure-driven chromatography and capillary electro-
phoresis, Capillary Electrochromatography (CEC) has emerged over the last decade.

In retrospect, the development of chromatography was not straightforward, follow-
ing circles and dead ends before real breakthroughs.

The rapid development of HPLC columns for example was due to three major
technical achievements: the ability to manufacture micro-particulate silicas, the
invention of air elutriation technique as sizing technology and progress in the slurry
technique for packing HPLC columns. However, it took more than ten years to build
up sufficient know-how to produce stable, robust and reproducible HPLC columns
that satisfied the continuously increasing demands of the chemical and pharmaceu-
tical industry (Fig. 1.2).

The advancement of chromatographic separation techniques during the last cen-
tury is closely linked to the synthesis of novel products and the isolation and purifica-
tion of natural substances. The production needs for high-value compounds
employed as pharmaceuticals, agrochemicals, food additives etc. put high demands
on the purity of these products. The separation of racemates into pure enantiomers
is one of the striking examples that highlight the importance and achievements of
chromatography.

However, the ‘Twsett’ period of chromatography has also gone through a bifurca-
tion during its maturization process. Originally conceived by Michael Twsett as a

Moses 2, 15 (23-25) removal of bitter taste from waters of mara by addition of specific wood

turn of 19" century adsorptive capacity of carbon for purification of beet juices

appr. 1850 Runge’s capillary work with coloured chemicals on paper

1870’s ion exchange studies by Eichhorn and Boecker

1886 use of natural and synthetic ion exchangers in sugar production patented

1903 Twsett — chromatographic separation of plant pigments explained by adsorptive
effects

1904 Wislicenus requests defined materials for adsorptive purposes

1930 Lederer, Kuhn — separation of carotin and zeaxanthin

1934 standardised aluminium oxides according to Brockmann

1941 James and Mar'tin - gas liquid chron}atography - trigger for development of
chromatographic principles at analytical and preparative levels

since 1970’s liquid chromatography plays an ever increasing role

1981 1* process scale HPLC system (Kiloprep)

1986 1* preparative chromatography symposium in Paris

1993 1" scaled down SMB units for pharmaceutical applications

1996 1* example of large scale chiral purification process (UCB)

2000 1* 800 mm inner diameter SMB unit for contract purification (Aerojet)

2001 advanced SMB-applications (Multi-Component, VariCol, ...)

Figure 1.2 Historic dates in preparative column liquid chromatography.
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preparative method for the isolation and identification of plant pigments, the
method still retained its preparative thrust during the reinvention in the 1930s by the
Heidelberg research group of Kuhn, Lederle and Brockmann. Then, during the sec-
ond rebirth in the 1960s as the extension of gas chromatography, it became
reoriented for quite some time to serve as an analytical tool, driven not least by the
instrument manufacturers. Preparative applications of liquid chromatography
remained an exotic aspect for quite some time, served only by a minority of suppliers
and estimated to be employed by a few hundred users throughout the world.

During the ‘historical’ chromatographic period, separations were developed mostly
on a trial-and-error experimental basis due to lack of understanding of the underly-
ing principles and the inability to address the complex interactions in fluid-phase
systems by a computing approach.

Therefore, the ‘chemical’ scale-up approach was based on

1. Finding separation conditions for the mixture

2. ‘Optimizing load’ until elution profiles start to overlap (touching bands)

3. Go through a ‘linear scale up’ protocol by increasing the column geometry to
deliver the required amount and purity of material while maintaining load and
separation conditions.

While this protocol produced the ‘predicted’ product, its process economics were
usually close to disastrous, allowing only extremely expensive materials to be pro-
cessed. Therefore, preparative HPLC was long considered unsuitable for large-scale
operation.

Both the ‘understanding’ as well as the ‘computing’ aspect have been significantly
advanced during recent years by

e Applying more and more already well-known engineering concepts and
approaches to chromatography and

o The availability of high-speed computing power at reasonable cost, allowing fast
processing of complex data on-line to enable monitoring and control of chromato-
graphic systems even under complex operating conditions.

1.2
Focus of the Book

The present book focuses on preparative chromatography, and is distinct from ear-
lier approaches in that it will describe and develop access to chromatographic purifi-
cation concepts through the eyes of both engineers and chemists. This is because, to
develop a method that can be scaled up to a process environment, the earliest possi-
ble interaction and cooperation between chemist and engineer is required to achieve
time and cost-effective solutions.

The differentiation between preparative and analytical chromatography has often
been a point of heated discussion in the chromatographic community, especially















