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What is Nanotechnology?

- understanding and control of matter at dimensions less

than 100 nanometers- unique phenomena enable novel 

applications.

- Unusual physical, chemical, and biological properties can 

emerge in materials at the nanoscale. These properties 

may differ in important  ways from the properties of bulk 

materials.

- Nanotechnology is going to change the world and the 

way we live, creating  new scientific applications that are 

smaller, faster, stronger, safer and more reliable - Solve 

the current problems including energy, medical, 

environmental, and manufacturing problems.



Application fields of Nanotechnology

From. Nano Science and Technology Consortium



Nanotechnology commercial products

 A variety of nanotechnology products

- Health and fitness products, drug, clothes, cosmetics, constructions, electronics etc.

Photo by D. Hawxhurst courtesy Wilson Center)

http://www.wilsoncenter.org/index.cfm


Cheap and clean Energy

New solar panel films incorporate          

nanoparticles to improve performance 

(Gui Bazan).

- to develop clean, affordable and          

renewable energy sources.

- Nanotechnology incorporating solar  

panels- more efficiently converting          

sunlight to electricity

- new batteries

- hydrogen storage materials 

- catalysts for fuel cells



Clean Water and Pollution Reduction 

• clean water through inexpensive water purification

• lighter cars and machinery that requires  less fuel; 

alternative fuel and energy sources

Photo credit: Nanorust Cleans Arsenic     

from Drinking Water. 

Environmental  monitoring 

Nanotech- enabled sensors may be able to detect and 

identify harmful chemical or biological agents in the     

environment.



Reduced size of the sensing parts and transducer 

: miniaturization the devices

Surface properties are important due to large 

surface-to-volume ratio

: Surface engineered nanomaterial can be used 

as chemical and biosensor

- increased sensitivity

- improved detection limits

- faster instrumental responses

- smaller amounts of samples

Why Nanosensors?



 Carbon Nanotube

 Metal Nanoparticles

 Quantum Dot

 Nanowires

 Nanocantilever

Nanosensors



Carbon Nanotube based Nanosensor

- Single walled carbon nanotubes (SWNTs) 

- Multiwalled carbon nanotubes (MWNTs)

The advantages of CNT for chemical sensing

- Nano dimensions

- Surface chemistry

- High surface area

- Electronic properties

Environmental Monitoring 

- gas sensor 

- organophosphorus pesticides

- phenolic compounds

- herbicides



- Electrical properties of CNT 
: sensitive to the effects of charge transfer and chemical doping

- The target molecule - changes in electrical conductivity

-high sensitive 

- inability to identify analytes

Carbon Nanotube Field Effect Transistor 



Dai, Science (2000)

Carbon Nanotube Field Effect Transistor 

Electron donor NH3

Electron Acceptor NO2



Carbon Nanotube based chemical sensor

Change in resistance of poly(m-aminobenzenesulfonic acid)-functionalized 

SWNTs films in response to 20 ppm NH3.

Haddon, JACS (2007)



- Functionalization process of the SWCNTs; 

-adsorption of human estrogen recepot(ER)-

onto the SWCNTs network; 

- SWCNTs are covered by a PBSTG blocking 

solution

Carbon Nanotube based chemical sensor

bisphenol A (BPA)- xenoestrogens

detection

Gate voltage (Vg) dependence of ISD as a function of 

concentration of BPA. VSD = 0.25 V. 

ISD vs. BPA concentrations at Vg =−5V.

Riu (2009)



Applications of Gold Nanoparticles

- particle aggregation

- changes in local refractive index

- surface-enhanced Raman scattering (SERS) 

Murphy, ACC. CHEM. RES. (2008)



Size and shape dependence of 

surface plasmon resonance

Murphy, ACC. CHEM. RES. (2008)



Monitor the Localized Surface Plasmon Resonance to 

measure local changes in the refractive index of the Ag 

nanoparticles.         Van Duyne, J. Phys. Chem. B 107 (2003).

Sensing Mechanism of silver pyramidal NP 



Plasmonic-based chemical sensing

- chemical, biochemical, biomedical research application

- improve the detection limits, sensitivity, selectivity, 

dynamic range. Brolo et al. Acc. Chem. Res. (2008)  



The effects of molecular adsorption on 

Extraordinary optical transmission

- Monolayer sensitivity of the SPR from arrays of nanoholes

- Characteristic peak shift due to the changes in the 

dielectric properties of the surface. 

Brolo et al. Acc. Chem. Res. (2008) 



Nanohole-enhanced Raman scattering

Nanohole-enhanced Raman scattering of oxazine 720 

Periodicity (a) 560 (b) 590 (c) 620 nm 
Brolo, Nano Lett. (2004)



AuNP/ DNAzyme based Pb2+ sensor

Liu, J. Am. Chem. Soc. (2003) 

- high metal selectivity of DNAzymes

- strong distance-dependent optical properties of AuNP



Colorimetric detection of Hg2+ based on 

DNA/AuNP

DNA/AuNPs sensing system in the 

presence of 5 μM Hg2+ ions

Absorption spectra of 

DNA1/DNA2/AuNPs sensing 

system as a function of Hg2+

concentration. 

Xu, Biosensors and Bioelectronics (2009) 



Colorimetric AuNP/aptamer-based 

sensor for ATP

Schematic representation of the sensing  

mechanism of Apt-Au NPs for the 

colorimetric determination of ATP

UV–vis absorption spectra of Apt-Au NPs  

solutions (3.0 nM) in the (a) absence and   

(b) presence of 10.0 μM ATP



Fluorescent AuNP-based sensor for Cu2+

GSH-capped F-AuNPs for Cu2+

Guo, Chem. Commun., (2009)



Luminescent CdS QD for Ion Probes

Effect of 1 mM ions on the luminescence 

Rosenzweig, Anal. Chem. (2002)

Polyphosphate- l-Cysteine- Thioglycerol-

capped CdS QDs
ion-free sample          100 μM Zn2+ 100 μM Cu2+

100 μM Zn2+

100 μM Cu2+



CdS QD/Peptide-based sensor Cu2+ & Ag+

Effect of metal ions on PL of peptide coated 

CdS QDs. 

Leblanc, Chem. Commun., (2003)



QD/Glutathione for Pb2+ Detection 

Fluorescence intensity of GSH-ZnCdSe (□) GSH-ZnCdSe (▪) GSH-CdTe

Ying, Anal. Chem., (2007)



SiNW pH sensor

D

(A) Schematic of an amino-functionalized nanowire device. 

(B) Changes in nanowire conductance as a function of pH of solutions

(C) Schematic of an unmodified nanowire sensor containing silanol groups. 

(D) Conductance of an unmodified Si nanowire device (red) versus pH.

Lieber, Nature(2001)



SiNW-based Fluorescence Sensor for Cu2+

Fluorescent N(quinoline8yl)2(3triethoxylsilyl 

propylamino) acetamide(QlOEt)-modified SiNWs

ST Lee, Nano Lett., (2008)



SiNW sensors for Hg2+ and Cd2+ ions

(a)Setup of the sensing system. 

(b) I-V characteristics of a SiNW before (dotted) 

and after thiol modification (solid). 

(c) Current change percentage vs Cd2+

concentrations. 

(d) Current change of SiNW sensor vs Hg2+

concentrations during the first (the left) and

the second use (the right).

Current responses of MPTES-

modified SiNW sensors for various 

metal cations at 10−2M.

ST Lee, Appl. Phys. Lett. (2009)



SiNW/AChE/AuNP-based pesticide 

sensors

ST Lee, Appl. Phys. Lett. (2008)

Effect of incubation concentration of DDV (µg/L)  at Nafion/ 

acetylcholinesterase/AuNPs/SiNWs/GCE

- DDV irreversibly inhibited the activity of AChE



Oxide based Nanosensors

V2O5 nanofibres 1-Butylamine, toluene, propanol

SnO2 nanobelts CO, NO2, ethanol

In2O3 nanowires NH3, NO2

ZnO nanowires Ethanol

MoO3 nanorods Ethanol and CO

Cd-ZnO nanowire humidity

SnO2                                        DMMP

- Changes in electrical conductivity in the presence of 

sample

- Sensing mechanism is related to ionosorption of species 

over their surfaces



Cantilever-based nanosensor

Applications

– Gas sensing           – Protein/DNA detection

– Particle detection   – Chemical detection



- Nanotechnology has made an important impact on sensing 

applications, which are expected to grow exponentially during 

the next few years.

- Nanomaterial possess unusual electronic, chemical, and 

physical properties that are highly sensitive to changes in their 

chemical environment.

- CNT, AuNP, AgNP, QD, NW based Nanosensors can detect 

heavy metals, chemicals, biomaterials with increased sensitivity, 

improved detection limits, faster instrumental responses, 

smaller amounts of samples.

- Further detailed understanding of binding property and 

sensing mechanism is required to develop the efficient sensors
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