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Theore8cal	
  plates:	
  N	
  =	
  L	
  /	
  H	
  

Peak	
  capacity:	
  	
  nc	
  =	
  L/w	
  =	
  L/4σ	
  	
  (at	
  Rs	
  =	
  1)	
  

the	
  max	
  number	
  of	
  separated	
  peaks	
  that	
  can	
  be	
  fit	
  (with	
  adjacent	
  peaks	
  	
  
at	
  some	
  specified	
  Rs	
  value)	
  into	
  the	
  path	
  length.	
  







Electrophoresis	
  	
  



Capillary	
  electrophoresis	
  



Field	
  flow	
  frac)ona)on	
  (FFF)	
  



1 bp = 3.4 Å (0.2 e-)  
Dia. = 2 nm 
1 helical pitch = 10 bp  



Gel	
  electrophoresis	
  apparatus	
  



Capillary	
  (Array)	
  Electrophoresis	
  



Calibrated Coefficient: 
d11, d21, d31, d41,…….. 

I(λ1)=d11c1+d21c2+d31c3+d41c4 

I(λ2)=d12c1+d22c2+d32c3+d42c4 

I(λ3)=d13c1+d23c2+d33c3+d43c4 

I(λ4)=d14c1+d24c2+d34c3+d44c4 

I(λ5)=d15c1+d25c2+d35c3+d45c4 
---------- 

c1, c2, c3, c4 are the dye 
(DNA) concentration 

λ1 λ4 λ3 λ2 
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What is needed: optical spectrum of 4 channels vs. time 



Agilent	
  2100	
  Bioanalyzer	
  	
  
Applied	
  microfluidic	
  lab-­‐on-­‐a-­‐chip	
  technology	
  





Micro-­‐CE	
  	
  injec)on	
  



Nature 358, 600 (1992) 



Separa)on	
  based	
  on	
  Rec)fied	
  Brownian	
  Mo)on	
  

Duke and Austin, PRL (1998) 
Ertas, PRL (1998) 



Chou et al, PNAS (1999) 

Continuous Lateral Separation 

Con)nuous	
  molecular	
  sor)ng	
  by	
  	
  
rec)fied	
  Brownian	
  mo)on	
  



Con)nuous	
  DNA	
  sor)ng	
  by	
  	
  
rec)fied	
  Brownian	
  mo)on	
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Nanofluidic	
  DNA	
  separa*on	
  device	
  with	
  
entropic	
  trapping	
  array	
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Band	
  launching	
  and	
  analysis	
  of	
  bands	
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Electric	
  field	
  dependence	
  of	
  the	
  separa*on	
  	
  
of	
  T2-­‐T7	
  DNA	
  mixture	
  

At	
  21.0	
  V/cm	
  (gray	
  line),	
  the	
  theore)cal	
  plate	
  number	
  (N)	
  was	
  4900	
  for	
  the	
  T2	
  peak	
  
and	
  970	
  for	
  the	
  T7	
  peak,	
  and	
  the	
  resolu)on	
  was	
  1.95.	
  
At	
  24.5	
  V/cm	
  (black	
  line),	
  N	
  =	
  8500	
  for	
  the	
  T2	
  peak	
  and	
  3400	
  for	
  the	
  T7	
  peak,	
  and	
  the	
  
resolu)on	
  was	
  0.89.	
  	
  
At	
  28.0	
  V/cm,	
  no	
  separa)on	
  was	
  achieved	
  (broken	
  line).	
  

ΔV/V: the fractional band 
velocity difference between 
two peaks. 

Resolu*on	
  of	
  separa*on:	
  	
  
Rs	
  =	
  (ΔV/V)	
  √(N/16)	
  	
  

T2 (164 kbp) 
T7 (37.9 kbp) 



Simultaneous	
  separa*on	
  of	
  the	
  Mono	
  Cut	
  Mix	
  sample	
  
(black	
  line)	
  and	
  5-­‐kbp	
  ladder	
  sample	
  (gray	
  line)	
  by	
  the	
  
entropic	
  trap	
  array,	
  run	
  at	
  80	
  V/cm.	
  

Large	
  molecules	
  move	
  faster!!	
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Anal. Chem. 2001, 73, 6053-6056 

Microscopic view of the pulsed hexagonal array 

On-­‐chip	
  pulsed-­‐field	
  electrophoresis	
  



On-­‐chip	
  pulsed-­‐field	
  electrophoresis	
  
(anima*on)	
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Device	
  configura*on	
  of	
  a	
  pulsed	
  	
  
hexagonal	
  array	
  





Single-­‐molecule	
  images	
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λ and T4 DNA pulsed at 244 V and with period T = 1 s after 
release from the entropic trap 

λ and T4 DNA separation  



DNA position as a function of time  

λ DNA 

T4 DNA  

Anal. Chem. 2001, 73, 6053-6056 



Asymmetric pulsed fields:  
The direction of the net flow motion of the DNA is 
angle-dependent.  

Continuous separation of BAC/PAC mixture of 114, 158, and 209 kbp 
fragments  (Huang et al., Nat. Biotech. 2001) 

DNA	
  Prism	
  


