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Pressure-Driven:

Getting Round Pressure Drop Limitation

Pin Pout

Flow Driving Force at Channel Inlet

Shear-Driven:

Pin = Pout Pout

Flow Driving Force along Mantle Surface

wall+packing = flow resistance

wall=“ flow driver ”



Comparison with OTComparison with OT--LCLC

reduction of d restricted by 
∆P-limitation

u and d can be selected 
independently

Pressure-Driven:
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ShearShear--driven Flow Moduledriven Flow Module

stationary wallmoving wall

Cross-sectional view:

stationary wall

moving wall

0.1 to 5 mm
0.1 to 10 µm

Longitudinal view:



stationary disk

motor

moving disk

top view stationary disk:
inlet section

outlet section
Channel + stationary 

phase

SD Flow Module (Rotating Disk)SD Flow Module (Rotating Disk)



Tracer flow experimentTracer flow experiment

d = 400 nm d = 400 nm 
uumeanmean = 3 mm/s= 3 mm/s

L = 15 mmL = 15 mm
w = 4 mmw = 4 mm



Determination of Mean VelocityDetermination of Mean Velocity

d = 400 nanometer, d = 400 nanometer, uuwallwall = 6 mm/s= 6 mm/s

uavg = ½.umoving wall



d = 100 nanometer, d = 100 nanometer, uumeanmean = 1.4 cm/s= 1.4 cm/s

t = 0t = 0 t = 0.92st = 0.92szoom = 800%zoom = 800%

Still Image AnalysisStill Image Analysis



Colour Intensity PlotColour Intensity Plot

Plot of Colour Intensity Plot of Colour Intensity FotoFoto 1 + 1 + FotoFoto 2 :2 :
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Experimental RunExperimental Run

d = 100 nm, d = 100 nm, 
uumeanmean = 1.4 cm/s= 1.4 cm/s

∆∆P = 3400 bar !!P = 3400 bar !!



Peak BroadeningPeak Broadening--van van DeemterDeemter PlotPlot
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High performance, low High performance, low 
loadability = HPLC loadability = HPLC 
alternativealternative

Lower performance, Lower performance, 
higher loadability = higher loadability = 
HPTLC alternativeHPTLC alternative



transparency sheet

LaserLaser--Jet printerJet printer

printed lines (≅8µm) 
= channel spacer

8 µm

Experimental : Channel fabricationExperimental : Channel fabrication



Experimental: Channel AssemblyExperimental: Channel Assembly

transparency sheet

4 µm
4 µm

CrossCross--sectional View:sectional View:

Unsealed channel parts = no problemUnsealed channel parts = no problem

transparency sheet

⇓

microscope slide

8 µm

stat. phase



Pull direction

Experimental set-up I

Top View:Top View:

transparency sheet microscope slide

fixation frame

printed spacer lines actual channel 
length

(2.5 cm)



Goal: injection of 100 µm bands within 0.5 s 

Method: micro-
positioner and 
automatic 
displacement 
system (accuracy 
of 0.5 micron = 
>99% accuracy)

Injection MethodInjection Method



Injection ExampleInjection Example

Channel depth Channel depth 
= 200nm= 200nm2 mm



Stationary Phase LayerStationary Phase Layer--IaIa

Preparation of layer: 4 µm RP-HPLC beads 
contained within a poly-acrylic polymer matrix



Stationary Phase LayerStationary Phase Layer--IbIb

Monolayer of commercial 4 Monolayer of commercial 4 µµm m 
HPLCHPLC--beads immobilised with beads immobilised with 

Polyethoxysilane layerPolyethoxysilane layer



Separations in 8 Separations in 8 µµm channelm channel

Mobile phase = 
60%/40% water-

methanol

u = 1.25 mm/s u = 1.25 mm/s 
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Experiment Experiment vs.vs. TheoryTheory

CC460460 k’ = 0.4k’ = 0.4

CC440440 k’ = 0k’ = 0

8 µm deep channel8 µm deep channel
60/40 MeOH/H60/40 MeOH/H22O mobile phaseO mobile phase
4 µm RP4 µm RP--HPLC beads stat. phaseHPLC beads stat. phase



100 nm

dichroic
mirror

4x objective

Cooled CCD camera 
(ORCA-I, Hamamatsu)

Hg-vapor
lampUV-light

Injected sample

Monolayer C18

UV filter

Fused Silica

Sample injection 
position and mobile 
phase inlet reservoir

Mobile phase liquidVelocity profile

Experimental Setup IIExperimental Setup II



Stationary PhaseStationary Phase

•• Electrochemical etching of Si waferElectrochemical etching of Si wafer
•• Oxidizing Si Oxidizing Si →→ SiOSiO22
•• Surface modification with C8/C18Surface modification with C8/C18

⇒⇒ 100100--200 nm thin Porous Silica layer 200 nm thin Porous Silica layer 



Separations in  300 nm channelSeparations in  300 nm channel
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Stationary phase = porous siliconStationary phase = porous silicon



Separation of four Coumarin dyes on monolayer C8 Separation of four Coumarin dyes on monolayer C8 

•• u = 2 mm/su = 2 mm/s

•• Mobile Phase = 45/55 % Mobile Phase = 45/55 % MeOHMeOH/H/H22OO

•• t = 3 secondst = 3 seconds

Separations in 200 nm channelSeparations in 200 nm channel

2 mm



Separations in 200 nm channelSeparations in 200 nm channel

Baseline resolution of 4 compounds in 3 seconds Baseline resolution of 4 compounds in 3 seconds 
H H ≈≈ 0.5 µm  0.5 µm  ~ 2,000,000 plates/m~ 2,000,000 plates/m



van Deemtervan Deemter--plotplot
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Detectability in SDC

Take advantage of rectangular channel format to benefit 
maximally from Beer-Lamberts’ law: Log I0/I ~ Cmax.λ

FLOW

Light path

λ = 0.1 to 5 mm
(similar to 
HPLC !!!!)



2 µm
0.2 µm

Use of Thick Stationary Phase

e.g. use of HPTLC plate only few microns thick which can e.g. use of HPTLC plate only few microns thick which can 
be processed in a conventional way after separation.be processed in a conventional way after separation.



• Flow system without  ∆P or ∆E-limitation

• Continuous, chromatography enabling flows in  
channels as thin as 100 nanometer are possible

• Perfect predictability of flow rate

• Large potential gain in analysis time or resolution

ConclusionsConclusions

• Offers larger separation window than TLC (all 
compounds can be eluted at the end of the column)



The EndThe End


