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Abstract

Following the trend towards smaller channel
inner diameter for better separation performance
and shorter channel length for shorter transport
time, a modular construction of a miniaturized
‘total chemical analysis system’ is proposed. The
theoretical performances of such systems based on
flow injection analysis, chromatography and elec-
trophoresis, are compared with those of existing
chemical sensors and analysis systems.

Introduction

The continuous monitoring of a chemical
parameter, usually the concentration of a chemical
species, is gaining increasing attention in the chem-
ical production, environmental and medical sci-
ences. The chemical compound of interest is
usually accompanied by interfering species. Figure
1 shows the average concentrations of all known
compounds in human blood serum. If the com-
pound of interest has a concentration of 10~°
moles per liter (several ppm), the analysis system
must be sufficiently selective to reject at least 100
compounds of higher concentration. The state-of-
the-art strategy for solving analytical problems like
these is the introduction of a ‘total chemical
analysis system’ (TAS), which periodically trans-
forms chemical information into clectronic infor-
mation. Sampling, sample transport, any necessary
chemical reactions, chromatographic separations
as well as detection are automatically carried out
(see Fig. 2, for examples see ref. 2). This approach
presents a possibility for accommodating the
rapidly changing composition of industrial 1

An ideal sensor is specific, i.e. it transduces the
concentration of the chemical compound of inter-
est, to the exclusion of all others, into an electrical
signal. In addition, the sensor can be immersed
directly into a sample solution or stream. This
concept is the goal of many sensor technologists,
but so far the results (selectivity, lifetime) have
been unconvincing.

Analytical chemistry offers a great number of
methods for the analysis of almost every com-
pound in any environment. Most of these meth-
ods are time consuming and require a fully-
equipped chemical laboratory and a qualified
technician. Some of these techniques, such as
chromatography, electrophoresis or flow injection
analysis can be integrated into a TAS. The detec-
tor or sensor in a TAS does not need high selectiv-
ity, because the sample pretreatment serves to
eliminate most of the interfering chemical com-
pounds. Furthermore, calibration can be incorpo-
rated into the system.

If a TAS performs all sample handling steps
extremely close to the place of measurement, then
we propose that it be called a ‘miniaturized total
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(e.g., river water, chemical reaction mixtures, fer-
mentation broths). In this paper we present a
general concept for a miniaturized TAS.

Concept

A miniaturized TAS must be defined both in
relation to a chemical sensor and to a TAS
(Fig. 3).
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Fig. 1. Typical concentrations (moles per liter) of known

chemical components (molecular weight less than 1000) in
human blood serum [1).
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This Is also true on the

commercial/industrial

scale

Source: Caliper Life Sciences
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1. Explore the requirements of industrial

microfluidics vs. academic work

2. Lessons learned on the way

SOMETIMES I LIE AWAKE AT NIGHT, -
AND I ASK ‘WHERE HAVE I GONE WRONG?"
THEN A VOICE SAYS5 TO ME, “THIS IS 60ING
TO TAKE MORE THAN ONE NIGHT.”
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Commercial microfluidic devices should fulfill a

few basic criteria:

A Increasing demand for functional integration
In microfluidic chips: sample-in answer-out

A Demand for simpler instrumentation
(smartphonee . )

A Robustness

A Ease of use!
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groups.csail.mit.edu

Does this fulfill these critera?
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This clearly exemplifies the difference between
academic RESEARCH and industrial PRODUCT
DEVELOPMENT

As many of you will end up in industry, it might
be useful to spend some thought on the

di fferencesé.
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What is the difference to (most of) the academic
devices?
A Basic materials

Fully integrated complex protocols
Heterogeneous materials and integration
Complex assembly

Integrated valves

Do To o I» I»

Integrated reagents
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Long-term biocompatible

Great optical properties (transparency, autofluoresencee )
Tuneable stable (and defined) surface energy

No uptake of small molecules over time

No protein adsorption/accumulation on surface over time
Stiff/elastic or both?

High feature reproducibility in microfabrication

Large dynamic range of features

Volume manufacturing technologies exist

Cheap

Commercially available (ideally from different sources) in different

forms (pellets, sheets, filmse . )



Parameter
Biocompatibility
Optical properties
Surface chemistry
Small molecule uptake
Protein adsorption
Mechanical prop.
Feature size

Dynamic range
Volume manufacturing
Price

Availability

..and reality
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Thermoplastic
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Relative frequency in % of materials used in Lab-on-a-Chip
publications between September 2009 and September 2010.

H. Becker, C. Gartner, Science Progress (2012), 95(2), 175-198
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Academic research:

Proof-of-concept

\

o/

S Hypothesis Next hypothesis

l\\

K. R. Popper, Logik der Forschung, Springer, 1935; english edition, The logic of scientific
discovery, Routledge, London, 1959. 13
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Industrial product development:

r\j\J Prototype

Requirement Specs. Product

\
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Academic research:

Has to work once or a few times (enough to

write a paper, not necessarily to put error bars

on measurements)

Commercial product:

Has to work with (for all matters) identical

performance every time

15
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The other difference:

A product has to fulfill cost requirements

16
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Main Challenges

A Cost

Table 3 ASSURED criteria for current and near-commercialisation CD4+ counting POC devices

Clinie suitable devices Portable point-of-care devices

ASSURED criteria FACSCalibur FACSCount miniPOC Pima MBio Daktari Visitect Zyomyx
Affordable

Instrument (USS) 75 000 30 000 9380 5500 <5000 <5000 1200° 200
per test (USS) 3.00 3.50 3.96 6.00 6.50 8.00 5.00 < 8.00
Sensitive”

-~ R PR - —

From: Macdara T. Glynn, David J. Kinahana , Jens Ducrée , Lab Chip, 2013,13, 2731-2748

We see similar numbers in molecular diagnostic cartridges

A Skills in production
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Cost modelling: Device cost

alog

8 Q
NRE,l & /N2
dev( ) a %mat,l T C0 € 8
=1 C -
Cyey  :cCOst per device at a given production volume n
C.at - raw material cost per device
Cure . Non-recurring cost (development, tools, etc.)
Co . Initial process cost for the first device
N . process-specific cost-scaling factor

H. Becker, Lab Chip, 2009, 9, 27591 2762
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3 molded parts

1 molded cartridge body + 2
cover films

1 size separation membrane
4 molded parts

1 liquid reagents

4 lyophilized reagents

4 thermoformed blisters with
liquid reagents

—4 venting membranes

1 molded part

Total: 9 molded parts
5 membrane assemblies
4 blister filling & assembly
4 dry reagents
2 film bonding
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Cost modelling: Device cost

1. The more complex the device, the more complex
the cost modelling

2. The scaling factors can be extremely different and
depend on investments in tools and automation

3. It helps to identify which processes have the most
cost saving potential

4. Assembly cost tend to be underestimated

20
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Cost modelling: Yield
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H. Becker, Lab Chip, 2009, 9, 27591 2762
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