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About a year ago we were charged,
by the Lab on a Chip Editorial Board, to
edit a themed issue on fundamental
principles and techniques in micro-
fluidics. The outcome is this set of non-
traditional reviews, each written as
a primer for those in the Lab on a Chip
audience unfamiliar with the specific
topic and/or as a critical review of
recent developments for more advanced
researchers. Since microfluidics has
expanded rapidly in the past two
decades to a field with a variety of
dedicated journals, we have made no
attempt to be exhaustive in covering all
topic areas. Instead, we chose to cover
a few topics which are fundamental to
implementing microfluidic functional-
ities required for lab on a chip devices
and systems.

Understanding transport phenomena is
essential to the successful development of
microfluidic systems thus Tabeling (Lab
Chip, 2009, 9, DOI: 10.1039/b904937c)
introduces some basic flow physics of
microfluidics. Much of the fundamental
discussions on slippage, capillarity and
mixing are echoed in the discussions of
engineering implementation of micro-
fluidic systems. Persat et al. present two
companion articles (Lab Chip, 2009, 9,
DOI: 10.1039/b6906465f and Lab Chip,
2009, 9, DOI: 10.1039/b906468k) on the
basic principles of electrolyte chemistry.
The first of these focuses on theoretical
and applied aspects of acid-base equi-
libria in aqueous buffers which should be
of general interest. The second deals
with ion mobility theory and the effects of
electrolysis on electrolyte chemistry which

is ubiquitous in DC electrokinetic micro-
fluidics. The discussion on the important
topic of electrokinetics is complemented
by a critical review by Squires (Lab Chip,
2009, 9, DOI: 10.1039/b906909g) on the
advances and challenges in induced-
charge electrokinetics, in which the
physical modeling is cast in light of prac-
tical lab-on-a-chip applications.

An open challenge in the field is the
problem of robust and efficient sample
preparation and its integration with other
on-chip steps such as reaction, separation,
and detection. Price et al. (Lab Chip,
2009, 9, DOI:10.1039/6907652m) review
the historical development of strategies to
purify nucleic acids and the research
trends in miniaturizing DNA purification
using solid phase extraction. The problem
of on-chip chemical processing is
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reviewed by Aota et al. (Lab Chip, 2009,
9, DOI: 10.1039/b904430m) with an
emphasis on the physics, stabilization,
and applications of parallel multiphase
flows. In a related review, Hartman and
Jensen (Lab Chip, 2009, 9, DOT: 10.1039/
b906343a) cover microchemical synthesis
which requires controlled mixing of
reagents on-chip as well as separation and
isolation of reaction products.
Separation is a central task for many
micro total analysis systems. Salieb-Beu-
gelaar et al. (Lab Chip, 2009, 9, DOI:
10.1039/b905448Kk) review electrophoresis
of DNA in gels and nanostructures, where
the long-chained DNA polymer interacts
with the background matrix. Tia and
Herr (Lab Chip, 2009, 9, DOI: 10.1039/
b900683b) review on-chip multidimen-
sional electrophoresis for protein anal-
ysis, with an extensive discussion of

existing coupling modes and future
trends. The unavoidable topic of sample
dispersion during microfluidic separation
is taken up by Datta and Ghosal
(Lab Chip, 2009, 9, DOI: 10.1039/
b822948c) who discuss dispersions due to
hydrodynamic inhomogeneities and wall
interactions.

Two optical techniques for detection
and characterization are reviewed.
Lindken et al. (Lab Chip, 2009, 9, DOI:
10.1039/b906558)) review micron-resolu-
tion particle image velocimetry (uPIV) as
a diagnostic tool for microfluidic flows.
The guidelines for practical im-
plementations may be particularly useful
for beginners. Yao et al. (Lab Chip, 2009,
9, DOI: 10.1039/6907992k) review the
fundamental principles and recent devel-
opments in micro-rheology measurement
with optical tweezers. This non-intrusive

diagnostic tool is useful in measuring
cellular materials.

As with everything in Lab on a Chip,
this issue is unique in that these reviews
are all critical assessments of the literature
and not just summaries of what has been
published to date. They have each been
rigorously reviewed and revised. The
principles and techniques reviewed in this
issue have wide-ranging applications both
in the study of fundamental transport
phenomena (e.g., ion mobility) and prac-
tical microsystems (e.g., biochemical
analysis and synthesis). We hope you will
find them useful in your microfluidic
adventures.
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