
Micro- and Nanofluidic



Dimensionless Numbers



Reynolds Number

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





Magnetic Separation in H-Channel System

Outlet Outlet

Inlet Inlet

Magnetic bar        

Using Laminar Flow



Peclet Number







Capillary Number

4/3πR3ρg=γR



http://www.seas.harvard.edu/projects/weitzlab/coolpic02122006.html

http://www.seas.harvard.edu/projects/weitzlab/coolpic03102006.html







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





















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









Chapter 26
SPR/SERS























BIAcore X



The Corner Stones of 
Biacore Technology

Gold-Dextran Surfaces

SPR (Surface Plasmon Resonance)
Detection System

Microfluidic System



Biomolecular Binding in Real 
Time

Principle of Detection - SPR (Surface Plasmon Resonance)





SulfoSuccinimidyl-4-(N-Maleimidomethyl)Cyclohexane-1-Carboxylate
SSMCC 

The most popular NH2- and SH- crosslinker

NH2 => amide

R1NH2 + NHS-R2 = >R1NHC=OR2

N-hydroxysuccinimide















































Glass Surface Modification



Gold Surface Modification















For a cell to move, it must adhere to a substrate and exert traction. 
Adhesion occurs at specific foci at which the actin cytoskeleton on the 

inside of the cell is linked via transmembrane receptors (integrins) to the 
extracellular matrix on the outside. These adhesion sites are composed 

of complexes of more than 50 different proteins 

Highly simplified schematic illustration 
of the organisation of a focal adhesion. 
Transmembrane integrins (alpha/beta) 
bind to matrix ligands on the outside 
of the cell, and to a complex of 
molecules inside the cell that link to 
actin filaments. At focal adhesions, 
the actin filaments are bundled by 
actin filament cross-linkers, including 
the contractile protein myosin. 
Tension in the bundle, generated by 
myosin, is required to maintain the 
clustering of integrins and the integrity 
of focal adhesions 



The formation of substrate adhesion sites in a 
migrating goldfish fibroblast. The cell was 
transfected with GFP-actin (green) and 
microinjected with rhodamine-tagged vinculin (an 
adhesion component; red). The protruding cell front 
is marked by a diffuse band of actin filaments (the 
lamellipodium), which contains radial filament 
bundles (filopodia) that project beyond the cell edge. 
Different types of adhesion foci (red) can be 
distiguished: small foci in association with 
lamellipodia and filopodia (focal complexes) and, 
behind the lamellipodium, larger foci associated with 
actin filament bundles (focal adhesions). Focal 
adhesions are also observed at the periphery of 
retracting cell edges (bottom region of figure). Focal 
complexes and focal adhesions in the advancing 
front remain stationary, relative to the substrate, 
whereas, focal adhesions at the retracting edges 
can slide. 




