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Nanofluidics

is the study and manipulation of fluids/ions in channels/structures 

having dimension on less than 100nm

The Science of Fluids at the Nanoscale
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Nanofluidics

…is the study of the behaviour

transport, manipulation and

control of fluids/ions/molecules

that are confined to structures of

nanometer length scale…

Nanofluidics is an interdisciplinary field…

…open new “doors” and enables new applications…

..also includes the synthesis 

of novel nanomaterials/particles in the liquid phase..
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Nanofluidics
Interdisciplinary science integrates principles from.. 

..to develop novel technologies with applications in in healthcare, energy and materials science

http://web.ornl.gov/info/ornlreview/v41_2_08/images/a11_p12b_med.jpg
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Phenomena and Effects in Nanofluidics

• Surface-energy-related phenomena

• Shear-related phenomena

• Electric double-layer/surface charge-related phenomena

• Size-related phenomena

• Entropy-related phenomena

• Molecular-structure-related phenomena

surface-to-volume ratio increase →

importance of solid liquid interface 
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wettability

http://web.ornl.gov/info/ornlreview/v41_2_08/images/a11_p12b_med.jpg
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• dissociation of functional groups

• specific adsorption of ions

• desorption of ions

• lattice defects

Surface charge and Electrochemical Double Layer 

Electrochemical Double Layer (EDL)

origin of surface charge
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Surface charge     proton adsorption/desorption

• dissociation of functional groups

• specific adsorption of ions

• desorption of ions

• lattice defects

origin of surface charge

acidic reaction

basic reaction
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Surface charge     

• dissociation of functional groups

• specific adsorption of ions

• desorption of ions

• lattice defects

origin of surface charge

charge amplification

charge

inversion

x
0



x

Outer Helmholtz Plane



specific adsorption



0



10 42. Chemnitzer Seminar

Phenomena in Nanofluidics

Overlapped EDLs Zeta Potential

Acidic Surface

Basic Surface

Isoelectric Point
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Electrochemical Double Layer Overlapped EDLs

Ionic Diods/Donnan Exclusion

Zeta PotentialSite Binding Model

Electrochemical double-layer/surface charge-related phenomena

surface charge

Triple Layer Model 
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NANOFILTRATION

ENERGY HARVESTING
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Research fields and topics of the Nanoflidic Group 

Electrokinetic, Electrowetting, Energy Harvesting, Lab-on-Chip, nanofluidic circuits (ionic diode, FlowFET)
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Nanofiltration

Separation of bacteria and viruses, dissolved salts and heavy metals as well as pesticides

Nanofiltration Membranes for Efficient Lithium Extraction and Recovery (Xian Yang)

Removal of heavy metal ions by nanofiltration

Migori Gold Mining Area , Kenya

(Abisaki Esitsakha)

Research topic
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Is ion separation posible?

1nm =1000pm

ion radius < pore radius

ionic radii in water (called hydrated ionic radii) 
decreases in the order : Li+ > Na+ > K+ > Rb+ > Cs+

1 Å = 100 pm = 0,1 nm = 10−10 m

Nanofiltration

NF-Layer

https://de.wikipedia.org/wiki/Meter#Gebräuchliche_dezimale_Vielfache
https://de.wikipedia.org/wiki/Meter
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Is ion separation posible?

1nm =1000pm

ion radius < pore radius

ionic radii in water (called hydrated ionic radii) 
decreases in the order : Li+ > Na+ > K+ > Rb+ > Cs+m
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1 Å = 100 pm = 0,1 nm = 10−10 m

Nanofiltration

https://de.wikipedia.org/wiki/Meter#Gebräuchliche_dezimale_Vielfache
https://de.wikipedia.org/wiki/Meter
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microporosity < 2nm
„nano porous“

pore size 1nm surface charge/streaming potential

TiO2 nanofiltration membrane

Nanofiltration
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http://soft-matter.seas.harvard.edu/index.php/File:Debye_1.png
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Nanofluidic circuitry 

Transport is proportional to applied bias (resistor)

Transport can be made to move in one direction (diode)

Control of gain is possible by introduction of third pole (transistor)

Control of the forward/reverse direction by asymmetric gates (Field-effect reconfigurable diode)

Nanofluidic field-effect transistor (nFET) 
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AOPIM-1 -membrane 

Titania

6,5

Zirconia

5

inorganic organic

pH-tunable chargeability of 

materials under acidic or alkaline conditions

Surface (charge) modification
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Surface (charge) modification –plasma and silanisation

Streaming potential 
measurement
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Electrokinetic phenomena

Electro-osmosis

Streaming potential

Electrophoresis

Sedimentation potential

particlescapillaries

surface analysis to investigate the zeta potential 

based on a streaming potential measurement
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streaming potential measurement

Macro -Capillaries

1. Surface charge 

2. Fixed layer 

3. Mobile part of the diffuse layer  

4. Bulk phase with cations and anions

5. Shear plane 

Nano/Micro - Capillaries
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Nanofluidics Group

Solid-liquid interfaces and their significance

in nanofluidics

sensor technology

and energy harvesting

Electrokinetic Sensors and Energy Harvesters

Electrokinetic
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Energy Harvesting

streaming potential in nanochannel

dynamic electric double-layer (EDL) nanogenerator (DE-TENG)

Electricity generation related to electrokinetic effects
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Active sensors generate electric signals in response to an external
stimulus without the need of an additional energy source.

Electrokinetic (Streaming Potential) Sensor similar to piezoelectric effect
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Electrowetting on Dielectric (EWOD)

Electrowetting

Diana Chevelev

Digital Microfluidics and Electrowetting

▪ Most used effect in digital microfluidics

▪ Applying a voltage causes a change in wetting

▪ Creates an electrical double layer at the 
interface to the dielectric

▪ Enables targeted transport of liquids

“Digital” : discrete packets or droplets of liquid

Actuators:
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Starting

voltage

Minimum 

voltage

Time intervall

PCB Set-up 300 V 120 V 300 ms

Wafer Set-up 200 V 120V 200 – 400 ms

Isolation of the wafer with around 900 nm silicon dioxide

Fabrication of the structures on a wafer using laser lithography

Electrowetting on Dielectric (EWOD)
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Electrowetting on Dielectric (EWOD) Electrode-Design
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Digital micro- and nanofluidics for sensor, energy and environmental applications

▪ Microfluidic titration system with pH sensor

▪ Energy harvesting from vibration and deformation
/Reverse Electrowetting/

▪ Water recovery on an electrode array

Digital Microfluidics and Electrowetting

Sensors

Energy

Environment

Digital

Microfluidic



29 42. Chemnitzer Seminar

Task:

• Mixing of two liquids in a 
microfluidic system

• Use of an EGFET with a 
sensitive layer as a pH 
sensor

• Control of the system by 
means of electrowetting

Microfluidic titration system with Extended Gate Field-Effect Transistor

Microfluidic titration 

EGFET pH sensor
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EIS
Electrolyte – Insulator - Semiconductor
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Electrolyte – Insulator – Semiconductor (EIS)

Ta2O5
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Thank you!

Funding

Nanofluidics Group

Solid-liquid interfaces and their significance in nanofluidics, sensor technology and energy harvesting


