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Martes:	
  
0.	
   	
  Introducción	
  al	
  curso.	
  
1. 	
  Introducción.	
  
2. 	
  Física	
  a	
  escala	
  microscópica	
  	
  
Miercoles:	
  
3. 	
  Hidrodinámica	
  a	
  escala	
  microscópica	
  
4. 	
  Transporte	
  y	
  régimen	
  de	
  Stokes	
  en	
  microfluidica.	
  
Jueves:	
  
5. 	
  Difusión	
  Molecular	
  y	
  Transporte	
  de	
  Masa	
  
6. 	
  Dispersión	
  y	
  mezclado	
  en	
  microfluidica	
  
Viernes:	
  
7. 	
  ElectrocinéXca	
  
8. 	
  Aplicaciones:	
  Separación	
  de	
  parZculas	
  suspendidas	
  
Lunes:	
  
9. 	
  Métodos	
  de	
  fabricación	
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Formato	
  y	
  Evaluación	
  	
  

15	
  hs	
  	
  Contenidos	
  teóricos	
  (martes	
  15	
  a	
  viernes	
  18	
  de	
  10	
  a	
  13	
  y	
  viernes	
  18	
  de	
  14	
  a	
  17).	
  
	
  
9	
  hs	
  	
  Prác?cas	
  de	
  Laboratorio	
  (martes	
  22	
  al	
  jueves	
  24,	
  de	
  10	
  a	
  13)	
  

	
  Los	
  profesores	
  mostrarán	
  el	
  funcionamiento	
  de	
  algunos	
  disposiXvos.	
  Además	
  
enseñarán	
  las	
  técnicas	
  de	
  fabricación,	
  paso	
  por	
  paso.	
  Los	
  alumnos	
  dispondrán	
  de	
  
material	
  y	
  aprenderán	
  las	
  técnicas	
  para	
  elaborar	
  y	
  testear	
  sus	
  propios	
  disposiXvos.	
  
	
  
4hs	
  Seminario	
  (exposición	
  de	
  alumnos,	
  lunes	
  21,	
  14-­‐18hs)	
  

	
  Los	
  alumnos	
  elegirán	
  una	
  publicación	
  de	
  una	
  lista	
  dada	
  por	
  los	
  profesores	
  y	
  
expondrán	
  sus	
  ideas	
  principales	
  en	
  25	
  minutos	
  con	
  5	
  minutos	
  para	
  preguntas.	
  
	
  
2	
  1/2hs	
  Evaluación	
  contenidos	
  teóricos	
  (martes	
  	
  10-­‐12:30)	
  
	
  
3	
  1/2hs	
  Evaluación	
  Laboratorio:	
  (martes	
  	
  29,	
  13:30-­‐17)	
  
Los	
  alumnos	
  habrán	
  ensamblado	
  su	
  propio	
  disposiXvo,	
  lo	
  conectarán	
  y	
  demostrarán.	
  



Breve	
  repaso	
  de	
  la	
  literatura	
  
y	
  material	
  disponible	
  	
  

impreso,	
  electrónico,	
  online…	
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Libro	
  disponible	
  online	
  

hbp://www.kirbyresearch.com/index.cfm/wrap/textbook/microfluidicsnanofluidics.html	
  
	
  
Incluye	
  clases	
  en	
  youtube!	
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Libros	
  (impresos	
  y	
  pdfs)	
  

Clases	
  también	
  en	
  pdf	
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Algunas	
  revistas	
  interesantes	
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Otros	
  recursos	
  online	
  

Foro	
  online	
  donde	
  discuten	
  aspectos	
  experimentales	
  en	
  microfabricación	
  	
  

hbp://blogs.rsc.org/chipsandXps/	
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Guías,	
  videos,	
  classes…	
  	
  
Prof.	
  Yager,	
  Universidad	
  de	
  Washington	
  
hbp://faculty.washington.edu/yagerp/microfluidicstutorial/tutorialhome.htm	
  
	
  
Prof.	
  Wereley,	
  Purdue	
  
hbps://engineering.purdue.edu/~wereley/fundamentalsofmicrofluidics_files/v3_document.htm	
  
	
  
Prof.	
  Whitesides,	
  Harvard	
  
hbp://gmwgroup.harvard.edu/index.php	
  
	
  
Prof.	
  Weitz,	
  Harvard	
  
hbp://weitzlab.seas.harvard.edu/	
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  Craighead,	
  Cornell	
  
hbp://www.hgc.cornell.edu/	
  
	
  
Prof.	
  SanXago,	
  Stanford	
  
hbp://microfluidics.stanford.edu/	
  
	
  
Videos	
  @	
  Duke	
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Microfluidos:	
  PerspecXvas	
  	
  

What is microfluidics? It is the science and technology of systems that 
process or manipulate small (10–9 to 10–18 litres) amounts of fluids, 
using channels with dimensions of tens to hundreds of micrometres. 
The first applications of microfluidic technologies have been in analy-
sis, for which they offer a number of useful capabilities: the ability to 
use very small quantities of samples and reagents, and to carry out 
separations and detections with high resolution and sensitivity; low 
cost; short times for analysis; and small footprints for the analytical 
devices1. Microfluidics exploits both its most obvious characteristic 
— small size — and less obvious characteristics of fluids in microchan-
nels, such as laminar flow. It offers fundamentally new capabilities in 
the control of concentrations of molecules in space and time.

As a technology, microfluidics seems almost too good to be true: it 
offers so many advantages and so few disadvantages (at least in its major 
applications in analysis). But it has not yet become widely used. Why not? 
Why is every biochemistry laboratory not littered with ‘labs on chips’? 
Why does every patient not monitor his or her condition using micro-
fluidic home-test systems? The answers are not yet clear. I am convinced 
that microfluidic technology will become a major theme in the analysis, 
and perhaps synthesis, of molecules: the advantages it offers are too com-
pelling to let pass. Having said that, the answers to questions concerning 
the time and circumstances required for microfluidics to develop into a 
major new technology are important not just for this field, but also for 
other new technologies struggling to make it into the big time.

The origins and the future of microfluidics
George M. Whitesides1

The manipulation of fluids in channels with dimensions of tens of micrometres — microfluidics — has emerged 
as a distinct new field. Microfluidics has the potential to influence subject areas from chemical synthesis and 
biological analysis to optics and information technology. But the field is still at an early stage of development. 
Even as the basic science and technological demonstrations develop, other problems must be addressed: 
choosing and focusing on initial applications, and developing strategies to complete the cycle of development, 
including commercialization. The solutions to these problems will require imagination and ingenuity. 

1Department of Chemistry and Chemical Biology, Harvard University, Cambridge, Massachusetts 02138, USA.

The field of microfluidics has four parents: molecular analysis, 
biodefence, molecular biology and microelectronics. First came analysis. 
The distant origins of microfluidics lie in microanalytical methods — 
gas-phase chromatography (GPC), high-pressure liquid chromatography 
(HPLC) and capillary electrophoresis (CE) — which, in capillary format, 
revolutionized chemical analysis. These methods (combined with the 
power of the laser in optical detection) made it possible to simultaneously 
achieve high sensitivity and high resolution using very small amounts of 
sample. With the successes of these microanalytical methods, it seemed 
obvious to develop new, more compact and more versatile formats 
for them, and to look for other applications of microscale methods in 
chemistry and biochemistry. 

A second, different, motivation for the development of microfluidic 
systems came with the realization — after the end of the cold war — 
that chemical and biological weapons posed major military and 
terrorist threats. To counter these threats, the Defense Advanced 
Research Projects Agency (DARPA) of the US Department of Defense 
supported a series of programmes in the 1990s aimed at developing 
field-deployable microfluidic systems designed to serve as detec-
tors for chemical and biological threats. These programmes were 
the main stimulus for the rapid growth of academic microfluidic 
technology.

The third motivational force came from the field of molecular biology. 
The explosion of genomics in the 1980s, followed by the advent of 
other areas of microanalysis related to molecular biology, such as 
high-throughput DNA sequencing, required analytical methods with 
much greater throughput, and higher sensitivity and resolution than 
had previously been contemplated in biology. Microfluidics offered 
approaches to overcome these problems. 

The fourth contribution was from microelectronics. The origi-
nal hope of microfluidics was that photolithography and associated 
technologies that had been so successful in silicon microelectronics, 
and in microelectromechanical systems (MEMS), would be directly 
applicable to microfluidics. Some of the earliest work in fluidic micro-
systems did, in fact, use silicon and glass, but these materials have 
largely been displaced by plastics. For analyses of biological samples 
in water, devices fabricated in glass and silicon are usually unneces-
sary or inappropriate. Silicon, in particular, is expensive, and opaque 
to visible and ultraviolet light, so cannot be used with conventional 
optical methods of detection. It is easier to fabricate the components 
required for microanalytical systems — especially pumps and valves 
— in elastomers than in rigid materials. Neither glass nor silicon has 
all the properties (especially permeability to gases) required for work 
with living mammalian cells.

Figure 1 | A microfluidic chemostat. Microfluidic devices — here, a 
microfluidic chemostat used to study the growth of microbial populations 
— now routinely incorporate intricate plumbing. This device includes a 
high density of pneumatic valves. The colours are dyes introduced to trace 
the channels. (Image reproduced, with permission, from ref. 65.)

368

INSIGHT OVERVIEW NATURE|Vol 442|27 July 2006|doi:10.1038/nature05058

Whitesides.indd   368Whitesides.indd   368 17/7/06   11:03:17 am17/7/06   11:03:17 am

Nature  Publishing Group ©2006

G.	
  M.	
  Whitesides:	
  	
  
-­‐  Pionero	
  en	
  microfluidos	
  
-­‐  Introdujo	
  la	
  idea	
  de	
  fabricación	
  en	
  PDMS	
  

10	
  



PerspecXvas	
  	
  

Introduction

The ability to create structures and patterns on micron and
smaller length scales has triggered a wide range of scientif-
ic investigations, as well as the development of many

devices to transport and manipulate fluids and pattern surfaces.
The engineering paradigm, therefore, turns to design, manipula-
tion, and control on length scales that are increasingly approaching
the molecular. These types of investigations involving fluids,
broadly identified under the theme of microfluidics, have rekindled
interest in a classical area of fluid dynamics: low-Reynolds-num-
ber flows.  The objective of this article is to highlight some avenues
of research and development in microfluidics. Given the limited
format of this article, extensive referencing is not possible, but
research papers with novel ideas in this field are appearing at a
rapid pace.  One particularly interesting aspect of the research is
the imaginative use of engineering, chemistry and physics to
achieve devices with specific functions.

Modern developments in the design and utilization of microflu-
idic devices for fluid transport have found many applications, rang-
ing from the life sciences industries for pharmaceuticals and bio-
medicine (drug design, delivery and detection, diagnostic devices)
to industrial applications of combinatorial synthesis (such as rapid
chemical analyses and high throughput screening).  In other branch-
es of medicine, new paradigms for noninvasive diagnostics and
surgery are enabled by small (possibly implanted or ingested)
microdevices. As an example of the rapidly increasing demand for
biomedical microdevices, the biochip market was $400M in the
year 2000 and is expected to increase fivefold by 2005 (Jain, 2000).
Other areas of applications for microdevices for the transport of liq-
uids and gases include the aerospace and automotive industries,
microreaction engineering, printing, and optical applications. Novel
electrical devices assembled using microfluidic components are
also a possible area for technological innovation. Two recent arti-
cles in the AIChE Journal’s “Perspectives” column provide exam-
ples of some of these applications (Jensen, 1999; Langer, 2000).

Generally, microfluidics refers to devices or flow configurations
that have the smallest design feature on the scale of a micron or
larger. Frequently, this means rectangular channels with cross-sec-
tional dimensions on the order of tens or hundreds of microns. For
most cases involving the flow of small molecule liquids like water,

this scale is well suited to the standard continuum description of
transport processes (such equations of change as the Cauchy stress
equations supplemented by appropriate constitutive equations and
body forces), even though surface forces play a more important role
than is usual. The development of mechanical structures on the
nanometer length scale is another area of rapid progress. Since
many of these nanofabrication processes take place in the liquid
state, the understanding of “nanofluidics” is a  research challenge
that will likely involve contributions from continuum, statistical,
and molecular mechanics.  In general, the design paradigm faced by
the engineer is scale-down rather than the more familiar scale-up.

Micro- and nanodevices are useful because they allow manipula-
tion with fast response times, they can handle small fluid volumes,
sense and control flows and pattern substrates on small length scales,
and, what promises to be very important, they can selectively address
the cellular scale.  Traditionally, silicon micromachining methods
have been used to make micron-scale electrical and mechanical
devices from silicon and glass. More recently, elastomeric materials
have been used (McDonald et al., 2000). The latter systems offer
potential advantages of faster design times, low cost, the ability to
fabricate nanoscale features, and the possibility of deformable shapes
(Quake and Scherer, 2000). Both fabrication techniques will likely
continue to play important roles in future applications.

Many challenging research and design questions are posed by
micro- and nanofluidic systems.  Because the field has seen rapid
recent development, several review articles have already been writ-
ten (e.g., Gad-el-Hak, 1999; Ho, 2001).  Most of these articles have
focused on specific microdevices (Ho and Tai, 1998; Quake and
Scherer, 2000; Whitesides and Stroock, 2001), such as the design
of valves, pumps, actuators, mixers and reactors, sensors, and
three-dimensional networks of channels. Many of these ideas are
important in light of the development of the lab-on-a-chip concept
(or micro-total-analysis systems), where transport processes,
including mixing, reactions, separations, and manipulation of par-
ticles, are being applied on smaller scales than traditional engi-
neering technologies. Another area of significant interest is in
active control, for example, manipulating the boundary layer in
high-speed flow; these applications are of less interest to most
chemical engineers and will not be discussed further.

In addition to the design of new devices, there are research ques-
tions  raised concerning transport processes, in particular the motion
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ENGINEERING FLOWSIN SMALLDEVICES:
Microfluidics Toward a Lab-on-a-Chip

H.A. Stone,1 A.D. Stroock,2 and A. Ajdari3
1Division of Engineering and Applied Sciences, Harvard University, Cambridge,
Massachusetts 02138; email: has@deas.harvard.edu
2School of Chemical and Biomolecular Engineering, Cornell University, Ithaca,
New York 14853; email: ads10@cornell.edu
3Physico-Chimie Théorique, UMR CNRS-ESPCI 7083, ESPCI, 10 rue Vauquelin,
75005 Paris, France; email: armand@turner.pct.espci.fr

Key Words low-Reynolds-number hydrodynamics, electro-osmosis, nanofluidics,
microdevices, mixing

■ Abstract Microfluidic devices formanipulating fluids arewidespread andfinding
uses in many scientific and industrial contexts. Their design often requires unusual
geometries and the interplay of multiple physical effects such as pressure gradients,
electrokinetics, and capillarity. These circumstances lead to interesting variants of
well-studied fluid dynamical problems and some new fluid responses. We provide an
overviewof flows inmicrodeviceswith focus on electrokinetics,mixing and dispersion,
and multiphase flows. We highlight topics important for the description of the fluid
dynamics: driving forces, geometry, and the chemical characteristics of surfaces.

1. INTRODUCTION

Microfluidics refers to devices and methods for controlling and manipulating fluid
flows with length scales less than a millimeter. Studies of such fluid-related phe-
nomena have long been part of the fluid mechanical component of colloid science
(e.g., Russel et al. 1989) and plant biology (Canny 1977) and draw on many clas-
sical features of the dynamics of viscous flows (e.g., Happel & Brenner 1965,
Batchelor 1977). However, the subject has received enormous recent attention be-
cause of (a) the availability of methods for fabricating individual and integrated
flow configurations with length scales on the order of tens and hundreds of microns
and smaller (e.g., Ho&Tai 1998, Stone&Kim 2001,Whitesides& Stroock 2001),
(b) rapid developments in biology and biotechnology for which manipulations on
the cellular length scale (and below) and the ability to detect small quantities
and manipulate very small volumes (typically less than 1 microliter) offer advan-
tages (Voldman et al. 1999, Jain 2000, Beebe et al. 2002), (c) the quest for cheap
portable devices able to perform simple analytical tasks, and (d) the potential use of
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Microfluidics: Fluid physics at the nanoliter scale

Todd M. Squires*

Departments of Physics and Applied & Computational Mathematics, California Institute of
Technology, Pasadena, California 91125, USA

Stephen R. Quake†

Departments of Applied Physics and Physics, California Institute of Technology,
Pasadena, California 91125, USA

!Published 6 October 2005"

Microfabricated integrated circuits revolutionized computation by vastly reducing the space, labor,
and time required for calculations. Microfluidic systems hold similar promise for the large-scale
automation of chemistry and biology, suggesting the possibility of numerous experiments performed
rapidly and in parallel, while consuming little reagent. While it is too early to tell whether such a vision
will be realized, significant progress has been achieved, and various applications of significant scientific
and practical interest have been developed. Here a review of the physics of small volumes !nanoliters"
of fluids is presented, as parametrized by a series of dimensionless numbers expressing the relative
importance of various physical phenomena. Specifically, this review explores the Reynolds number
Re, addressing inertial effects; the Péclet number Pe, which concerns convective and diffusive
transport; the capillary number Ca expressing the importance of interfacial tension; the Deborah,
Weissenberg, and elasticity numbers De, Wi, and El, describing elastic effects due to deformable
microstructural elements like polymers; the Grashof and Rayleigh numbers Gr and Ra, describing
density-driven flows; and the Knudsen number, describing the importance of noncontinuum molecular
effects. Furthermore, the long-range nature of viscous flows and the small device dimensions inherent
in microfluidics mean that the influence of boundaries is typically significant. A variety of strategies
have been developed to manipulate fluids by exploiting boundary effects; among these are
electrokinetic effects, acoustic streaming, and fluid-structure interactions. The goal is to describe the
physics behind the rich variety of fluid phenomena occurring on the nanoliter scale using simple
scaling arguments, with the hopes of developing an intuitive sense for this occasionally
counterintuitive world.
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Abstract
Droplet based microfluidics is a rapidly growing interdisciplinary field of research combining
soft matter physics, biochemistry and microsystems engineering. Its applications range from
fast analytical systems or the synthesis of advanced materials to protein crystallization and
biological assays for living cells. Precise control of droplet volumes and reliable manipulation
of individual droplets such as coalescence, mixing of their contents, and sorting in
combination with fast analysis tools allow us to perform chemical reactions inside the droplets
under defined conditions. In this paper, we will review available drop generation and
manipulation techniques. The main focus of this review is not to be comprehensive and
explain all techniques in great detail but to identify and shed light on similarities and
underlying physical principles. Since geometry and wetting properties of the microfluidic
channels are crucial factors for droplet generation, we also briefly describe typical device
fabrication methods in droplet based microfluidics. Examples of applications and reaction
schemes which rely on the discussed manipulation techniques are also presented, such as the
fabrication of special materials and biophysical experiments.
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