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Fig. 11. A series of patterns that confine cells to approximately the same 
projected geometry (visualized by the actin cytoskeleton) but distribute the 
focal adhesions (FAs; visualized by immunostaining for vinculin) differently. 
The bottom row shows that new focal adhesions formed 1 h after release in 
areas that were inert to attachment of cells prior to release (arrowheads).
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Potential Benefit of Miniaturization

• Improve performance ( reduced diffusion 
length, shorter separation distance, less 
band broadening, high field strength, 
parallel system)

• Integration (all in one)
• Added functionality (2D separation)
• Versatility ( compact, portable, easy to use, 

low energy an chemical consumption)



How much miniaturization make 
sense ?





Flow in small dimension

• Types of flow
– Turbulent flow
– Laminar flow
– Creeping flow

• Generation of flow
– Electroosmotic flow (plug flow)
– Pressure driven flow (Poiseuille flow)
– Shear-driven flow (Couette flow)



Newtonian Fluid



Basic

• Reynolds number

• Hydraulic diameter

vs - mean fluid velocity, 
L - characteristic length, 
μ - (absolute) dynamic fluid viscosity, 
ν - kinematic fluid viscosity: ν = μ / ρ, 
ρ - fluid density. 

A is the cross sectional area
U is the wetted perimeter of the cross-section 



Laminar flow
• Sometimes known as streamline flow, occurs when a fluid flows in 

parallel layers, with no disruption between the layers. In fluid 
dynamics, laminar flow is a flow regime characterized by high 
momentum diffusion, low momentum convection, and pressure and 
velocity independence from time. It is the opposite of turbulent flow. 
In nonscientific terms laminar flow is "smooth," while turbulent flow is 
"rough."

• The (dimensionless) Reynolds number is an important parameter in 
the equations that describe whether flow conditions lead to laminar 
or turbulent flow. In laminar flow, the Reynolds number is less than 
2100. Creeping motion or Stokes flow, an extreme case of laminar 
flow where viscous (friction) effects are much greater than inertial 
forces, occurs when the Reynolds number is much less than 1.



Turbulent flow
• In fluid dynamics, turbulence or turbulent flow is a flow 

regime characterized by chaotic, stochastic property 
changes. This includes low momentum diffusion, high 
momentum convection, and rapid variation of pressure
and velocity in space and time. a Reynolds number above 
about 2300 will be turbulent. 



How large must u be before 
turbulent flow (Re > 2000)

ρair = 0.0012 g/cm3

ηair = 0.0002 g/s cm

ρwater = 0.998 g/cm3

ηwater = 0.01 g/s cm

ρoil = 0.8 g/cm3

ηoil = 1.0 g/s cm

d = 100 μm 10 μm
u= 333 m/s 3333 m/s

Mach 1 Mach 10

u= 20m/s 200 m/s

u= 2500 m/s 25000 m/s







Pressure Driven Flow





Pressure Driven Flow

ΔP=100kPa (1atm)
η=10-3 kgm-1s-1

L = 100 μm

R= 1 μm   v= 30 mm s-1

R=100 nm V = 300 μms-1

L= 10 mm, R = 10 μm   v= 3 mm s-1 ΔP=100kPa
L= 10 mm, R = 100 nm   v= 3 mm s-1 ΔP= 1 GPa



Microfluidic design



Electrokinetic Flow



Electrophoresis



Electroosmotic flow





Electroosmotic flow



Dielectrophoresis





Dimensionless Numbers



Reynolds Number



Water Properties





Peclet Number



Capillary Number



Capillary Number





Sieving

• Ogston sieving
– R < d

• Entropic trapping
– R>d

• Electrostatic sieving
– Debye length

• pI < pH positively charged
• pI > pH negatively charged



DNA Length

• Contour length
• Persistence length

– The persistence length is a basic mechanical property 
quantifying the stiffness of a macromolecule of a polymer. It is 
defined as the length over which correlations in the direction of 
the tangent are lost. 

• Radius of gyration
– The radius of gyration Rg describes the distribution of particles 

(or infinitesimal elements) in a D-dimensional space by relating it 
to an equivalent distribution in a D-dimensional sphere, usually a 
circular (D=2) or spherical (D=3) distribution 

• Kuhn length
– The Kuhn length is a theoretical treatment of a real chain 

divided into N Kuhn segments with Kuhn length b, so that each 
Kuhn segments can be thought of as if they are freely joined with 
each other. The contour length L = Nb





Debye Strength

1 M NaCl => 0.5*1*1^2+0.5*1*1^2=1M

8.8541878176 × 10−12 F/m (or C2/(J m)), 

80.1 

5x TBE => I = ~130 mM Debye Length = 0.84 nm
0.05 x TBE => I = 1.3 mM Debye Length = 8.4 nm



Application of nanofluidic channels

• Single cell studies
– E-coli: 10 fL
– Eukaryotic cell: 10 pL

• Control factor
– DNA-protein interaction

• Genetic contents
– SNP
– Genome 

• Length distribution























Chapter 26
SPR/SERS







Thin film
Nanoparticle
Nanoparticle array


