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This instrument automates the CE separation process with high
reproducibility of analytical results such as peak areas and migration
times. A diode array detector with an optimized optical path including a
new extended lightpath capillary provides spectral information with high
detection sensitivity. The liquid handling and sample injection systems are
designed for flexibility and usability.
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Capillary electrophoresis was initially regarded as an analytical separation tool for
proteins and peptides. Its characteristics imply that biomacromolecules theoreti-
cally should take the biggest advantage of the technique. However, it has turned
out that more then a decade after the birth of the technique the applications have
spread into many more areas than just the bioscience area. In fact, for many pro-
teins it has proven to be a bit of a problem to get a separation with the required
high sensitivity using the fused silica columns. All in all this has not hindered the
growth of the technique. When the first commercial instruments became available
in 1990 the market was estimated to be several million dollars in size. In 1994 the
expected market size might very well reach 50 million dollars. The main user
groups of CE are found in the pharmaceutical market (both traditional and biophar-
maceuticals), the bioscience market, and the chemical industry (see Table I).

Although still mainly in use in R&D laboratories, the technique is definitely migrat-
ing towards controlled analytical laboratories such as QA/QC and product testing
labs. This indicates that the technique does offer unique benefits and can expect
sustained growth in the future.
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Fig. 1. Capillary electrophoresis (CE) separation of a mixture of basic
chiral drugs using cyclodextrin as chiral selector.

Table I
CE Users

Market Segment Estimated Share (%)

Pharmaceutical Industry 35
Bioscience 35
Chemical Industry 20
Food/Beverages 5
Others 5

Some successful applications of CE include:
• Analysis of optical impurities (chiral analysis) (see Fig. 1)
• Tryptic digest analysis of recombinant biopharmaceutical drugs (peptide 

mapping) (see Fig. 2)
• DNA analysis (e.g., PCR product analysis) (see Fig. 3)
• Organic acid analysis (e.g., in beverages) (see Fig. 4).
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Fig. 2. Repetitive separation of a tryptic digest of recombinant human
growth hormone by CE.
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Fig. 3. Separation of PCR products using cap-
illary gel electrophoresis.

Table II
CE Applications and Benefits

Application Other Analysis Methods CE Benefits

Chiral Analysis HPLC, GC, TLC, SFC Speed
Easy Method Development
Cost of Analysis

Peptide Mapping HPLC Speed
Orthogonal Mechanism

DNA Analysis Slab Gel Electrophoresis,
HPLC

Superior Resolution
Speed
Online Quantitation

All of these applications have in common that CE offers significant benefits over
previously existing techniques (see Table II).

The future outlook for CE is positive although further development of capillaries
suitable for protein analysis under native conditions and the development of other
detection modules such as CE-MS will be important for long-term establishment of
the technique.

Martin L. Verhoef
Product Manager
Waldbronn Analytical Division
David N. Heiger
Application Chemist
Analytical Marketing Center, Little Falls
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Buffer: 5 mM phthalate, 0.25 mM CTAC, 0.07% �-CD, pH 3.5
Sample: Sake (diluted 1:5 with water)
Capillary: Leff = 56 cm, L = 64.5 cm, i.d. = 75 �m
Injection: 200 mbar�s
Temperature: 15�C
Field Strength: 390 V/cm, Reversed Polarity

Fig. 4. Analysis of organic acids in sake employing indirect UV detection.
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Looking at the new product generation process, often there is a long chain of
activities involved, starting from basic research and proceeding to applied research,
technology development, new product development, and finally, manufacturing.
Later, while the product is being marketed, an improved and enhanced series of
products will be generated in an R&D process sometimes referred to as current
product engineering. Throughout this sequence of steps, knowledge, experience
and competence are being built up, hopefully in a continuous, smooth, unidirec-
tional way. However, since many people and different organizations are involved,
losses, frictions, and interfacing issues associated with the transfer of know-how
will occur and must be resolved or at least kept to a minimal negative impact.

Unlike the typical situation of 20 years ago, when the same group of people carried
out the entire new product generation process all the way from research to manu-
facturing through many sequential steps, the scenarios of today’s new product
research and development projects have changed considerably. Given the complex-
ity and breadth of most of HP’s products, not only the analytical products, there is
no way of making all of the key components entirely within HP. Instead, many
things have to be acquired from external parties in various stages of development,
be it fundamental research results, patented technology, methods, processes, or
other know-how. In many situations even complete products or system compo-
nents come from outside sources.

In our case of adding CE to the LPA (liquid phase analysis) product line, certainly we
did look at the alternatives of acquisitions or external R&D collaborations, but
before the final decision was made to take advantage of the accomplishments of an
HP Laboratories research project and transfer technology and know-how from there
to the Waldbronn Analytical Division and plunge into new product development,
we had been thinking about mechanisms of technology transfer in general, and
tried to reflect our conclusions in the organizational structure of our R&D function.

Generally, R&D divides its forces into activities of current product support and
enhancement, development of next-generation products, and investigations, which
include new products, new technology, key components, and fundamental re-
search. The size of each of these segments depends on the business situation,

which may change quickly. There is always a temptation to sacrifice the long-term
investigations for short-term, market-driven problems or opportunities.

To stabilize the long-term, high-risk, but strategically important projects against the
pressure of the tactical projects, we decided to divide the R&D function into two
units: a smaller unit focusing on development, acquisition, and transfer of new
techniques and generic components and a larger unit focusing on current and
next-generation product development. The structure of the technology unit reflects
the major technical and functional areas of the product line and therefore this unit
has a few resident engineers and scientists who are specialists and experts in
those categories. A larger number of members are set up in transient project
teams and remain in the technology unit only during acquisition or investigation
phases. We then transfer the project together with the transient team into the
product development environment. This model should ensure minimal loss of
know-how in the transfer from the investigation phase to the lab engineering phase
and still keep a stable base of technical expertise and competence beyond one
particular project cycle. In addition, it helps synchronize projects of different time
scales and keeps the rules of the project life cycle flexible enough to adapt to new
product design as well as to current product engineering.

The HP CE project was the first technology transfer project to be completed under
this organizational structure and following these rules. The technology transfer
from HP Laboratories to the Waldbronn Analytical Division yielded a very successful
product. We have transferred technology from HP Laboratories before, but this
transfer in particular went smoothly and pleasantly, I tend to believe, because of the
new organizational model, but as much because of the enthusiasm, the dedication,
and the support of the engineers and managers involved on both ends, including
our marketing, manufacturing, and business people.

Alfred Maute
Engineering Manager
Technology Center
Waldbronn Analytical Division
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It is not always recognized, and consequently not acted upon, that the contents and
significance of industrial design for the success of products and the image of the
company have changed in the past few years. Products have not only a technical,
but also an aesthetic function. Together with some other representative features,
such as advertising, company buildings, letterheads, packaging, exhibition booths,
and the like, product design determines a major part of a company’s image.†
Today, products must not only be reliable, efficient and user-friendly, but also look
like it. Visible quality today is the main attractor in many cases. In particular, the
leveling out and standardization of technical achievements, even on the highest
levels, lead to outward appearance being the decisive factor in the purchasing
decision process more and more frequently. Last but not least, products, which
also represent the company concept, have to be in line with the identity of the
company. Thus, what is important is not avant-garde industrial design, but the
successful combination of innovative and traditional elements.

Industrial design, therefore, is a part of product quality. Whether we thereby
achieve the improvement of quality of use or acceptance among a specific target
group, or capitalize on the identity of the company, proper industrial design is a sales
promoting product feature. This applies not only to consumer products but also to
commercial products. Very often, the first look at something determines whether
we continue dealing with it or leave it alone. The quality of product design should
make product quality the focus of customer interest right at first sight.

Internal Architecture
The first step towards good industrial design consists in laying out the components
inside the instrument. As early as the investigation phase of the HP CE instrument
project, the engineers were prompted to think about the dimensions and forms of
the components they were responsible for. Rough details were then used to create
all components from cardboard in duplicate. In a joint creative session, the entire
project team used the models to arrange the components in multiple ways, finally
deciding on one alternative. Understanding for each other’s problems was gained
within the team at a very early project stage: airflow and thermal problems, safety
concerns, cooling, ease of use for service staff and users (which the industrial
designer is also responsible for), and the like. This process not only led to the
project being faster and more focused, but also had a teambuilding character.

† Image means the company as perceived by its customers. Identity means the company as it
really is. Ideally, image = identity.

The immediate effects of the internal layout on the user interfaces become obvious
in the vials, bottles, and cassette, which can be exchanged easily and intuitively.
This ease of use is supported by the design of the instrument exterior, which
visually reduces complexity.

As the project proceeded, a model of the outside cover was built (see Fig. 1). The
visibility of the product in the form of the model further enhanced identification with
the project, even beyond project team borders.

Appearance
Industrial design is not entirely up to the industrial designer. Carefully balancing
innovative design with company-specific design within the sense of the corporate
identity on the one hand, and on the other hand, emphasizing product-specific
features to the best advantage, benefit both the product and the company.

The outward appearance of the HP CE instrument is designed to achieve a num-
ber of objectives:

• Emphasizing system character with a view to the HP PC, since the HP instrument
is controlled by a PC. If the outward appearance of these two components is
harmonized, it not only suggests that they come from the same company, but much
more important, that they easily communicate with one another. In our case, this is
achieved by equal use of volumes and forms as well as by HP identity elements
such as coloring (bottom: dark grey, top: light), radii, HP nameplate, and power
switch (see Fig. 1).

• Emphasizing system character with a view to HP analytical systems. The HP CE
instrument is often to be found side by side with other HP analytical instruments in
a lab or as part of an analytical system. If the outward features of our analytical
instruments are in harmony with one another, this suggests to the customer that a
complete solution to a problem is available from one source. In the case of the HP
CE instrument, this is achieved by using, in addition to the design elements already
mentioned, HP Analytical Products Group typical design or user elements such as,
for example, the baseplate image, the semicircular pushbuttons set off by coloring,
equal textures, equally colored windows, doors always opening in the same direc-
tion, equal status LEDs, equal fonts, and the like. The constant repetition of these
visual and functional characteristics of the user interfaces makes a major contribu-
tion to ease of use by recognition. The particular challenge is always to find new
solutions for new requirements that are technologically feasible but also continue
the HP design tradition, so the customer finds it easy to get along and immediately
accepts the solution as an evolutionary step.

Fig. 1. Industrial design features of the HP
CE instrument.
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• The individual character of the HP CE instrument is emphasized by the basic
instrument volume as well as by the visibility and form of some specific areas. The
window parts show the areas relevant to the customer (cassette, sample tray, and
replenishment bottles). Like these parts, the tray balcony, for example, is designed
in such a way that it facilitates function (access to vials) on the one hand, while at
the same time characterizing the look of the instrument clearly and unmistakably
(and also optically reducing instrument depth). Emphasizing the vertical lines of
the instrument optically supports the narrowness of the instrument.

• What is also particularly important is the visual expression of quality. Especially at
a time when some instruments show only slight technological differences, custom-
ers should be convinced of the quality of our instruments at first sight. By using the
right materials and manufacturing processes, we have attempted to distinguish our
products qualitatively from those of our competitors, so that workmanship and
finish provide our instrument with a highly professional appearance.

At the International iF Design Competition 1994, the HP CE instrument was awarded
a prize for its good design and was seen by more than one million visitors in a
special exhibition at the Hannover Fair and Cebit
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