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Nanomaterials for Sensing

A. Bead concentration

B. Ligand density

C. Ligand (DNA/ Antibody)

D. Conjugation Chemistry

etc etc

Nanoparticle 

Characterisation

e.g. Zeta potential, size, 

shape, concentration

Protein Corona – Nanoparticle

e.g. Serum, Plasma

Microparticles

e.g. microplastics, 

bacteria, silica 

particles

DNA – DNA

e.g. epigenetics, 

sequences

Metal Ions – DNA

e.g. Pb, Hg, Ca, Ni, Cu

DNA – Small Molecule

e.g. Pesticides, anticancer

DNA – Proteins

e.g. CRP, Cancer markers, 

cardiovascular

DNA – Bacteria

Peptide – Protein

e.g. CRP

Peptide – Metal ions

e.g. Ni, Cu, Fe. 
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Sensors

Resistive Pulse Sensors

Dip = Particle volume

Peak Width = Particle velocity (zeta potential)

J = Pulse Frequency/ Rate (particles/ unit 

time)

Pulse shape = Particle/ Pore shape

FIB

3D Printed

Commercial 

Polymer

Time (s)



Sensors

Pros

• Easy to fabricate (FIB)

• Testing for particles 

>100nm

• Size and concentration

Cons

• Limited lifetime

• <5 runs

Testing Silicon nitride



Sensors

Shape analysis

Jenna Bowen – Cardiff University

Nanoscale, 2020,12, 262-270



Sensors

Ie, 91% of spherical particles are identified by just their shape data as spheres, 

and 72% of rod particles are identified by just their shape data as rods.

Shape analysis

Nanoscale, 2020,12, 262-270
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Sensors

• Size and concentration

• AND Shape 

classification 

• Optimising the data 

extraction.

Shape analysis - SiN



Sensors

• 100 mm pores

• Rapid data capture 

• Characterised particles 

• 10 mm

• Applications in food/ drink/ 

cosmetics/ algae

Polyamide



Sensors

Polyamide

J. Phys. Chem. C 2011, 115, 7, 2999-3004

• 100 mm pores

• Rapid data capture 

• Characterised particles 

• 10 mm

• Applications in food/ drink/ 

cosmetics/ algae

• Chemical information in 

the direction of the pulse?



Dip = Particle volume

J = Pulse Frequency/ Rate (particles/ unit time)

Peak Width = Particle velocity (Flow Rate or Zeta potential)

Fluidic Technologies

Flow RPS sensors

Anal. Chem. 2019, 91, 4, 2947-2954
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Sample No of Conductive No of Resistive

Tea bag 1 250 47

Tea bag 1 163 44

Tea bag 2 128 1

Tea bag 2 95 1

Tea bag 1 2 103

Tea bag 2 152 148

0.25 mM KCl

50 mM KCl 
• 100 mm pores

• Flow rates > 1mL/min

• Characterised particles 

• 2 mm

• Applications in food/ drink/ 

cosmetics/ algae

• Chemical information in 

the direction of the pulse?

Flow RPS sensors

Sample No of Conductive No of Resistive

Toothpaste 270 0

Toothpaste 180 0

Toothpaste 206 0

Toothpaste 2 3

Toothpaste 1 6

Toothpaste 1 9

Toothpaste 2 75

Toothpaste 3 48

Toothpaste 2 28

0.25 mM KCl

50 mM KCl

100 mM KCl



Sensors

• SiN is ok – But we are still working out our SOP’s

• Shape information is being developed

• The larger pores are very easy to use

• Capable of some very weird and wonderful samples

• Chemical information within the pulses?

Flow

• Higher count rates

• Combined multiples RPS sensors in one easy to 

manufacture chip, SiN, Glass pippete, polymer pores

Nanopore reader
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