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 Nanotechnology is science, engineering, and technology conducted at the 

nanoscale 

65x106 nm 

6.5 cm 

Tennis ball 

Nanotechnology  



3 Source: www.engr.utk.edu 

A Human Hair is about 40 to 150 micrometer 

Single human hair 

Nanofibers 

Nanotechnology  



4 

Lycurgus Cup glass  

4th century, Roman 
Au, Ag Nanoparticles 

 (70 nm)  Medieval stained glass windows 

Nanotechnology in the pre-modern era 

A look back in history 

Source: www.nano.gov Source: wikipedia 
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“There’s Plenty of Room 
at the Bottom”  

Richard P. Feynman  
First HF 

transistor 

Introduction of 

“nanotechnology” 
Norio Taniguchi 

Invention of STM 

 ”Engines of Creation: 
The Coming Era of 
Nanotechnology” 

 K. Eric Dexler 

discovery of fullerenes 

1953 1959 1974 1981 1985 1986 

A look back in history 

”density of transistors 

on an integrated chip” 

1965 

Moore’s Law 

One trillion $ 

industry  

2015 
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Nanomaterials  

Materials of which a single unit is sized (in at least one dimension) between 1 and 100 

nanometers (10−9 meter) 

nanocrystals nanotubes, nanowires nanowalls, nanofilms 

Top-Down Bottom-Up 
Synthesis Techniques  
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Nanomaterials  

Materials of which a single unit is sized (in at least one dimension) between 1 and 100 

nanometers (10−9 meter) 

http://cdn.iopscience.com 
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Langmuir 2015, 31, 3527−3536 

Tunable absorption properties of Au  

 Bulk-Gold 

 
 Shiny 

  yellow noble metal 

 does not tarnish 

 non-magnetic  

 melts at 1336 K 

 Nano-Gold 

 
 appear red 

 melting temperature 

 magnetic  

Electron microscopy of Au 

nanoparticles 

NANO-wonders! 
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Catalysis                            Internet of things                   Energy/Environment 

 

Drug delivery                          Electronics                          Medical Diagnostics  

Applications of Nanotechnology 



10 

Nanotechnology in Food 

Food science 

processing 

products 

Safety/biosecurity 

Materials 

• delivery 

• packaging 

 Nanoparticles 

 Nanoemulsions 

 Nanocomposites 

 Nanostructured 

Materials 

• Nanosensors 

• Nanotracers 

• Nanoscale reaction 

engineering 

•  Molecular synthesis 

 Asian Australas. J. Anim. Sci. 2015, 28:290-302 
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Nanotechnology in Food 
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 Higher surface to Volume ratio  

Are Surface Area, Surface Charge/reactivity/functional groups, Morphology, 

Aggregation behavior now Key Parameters ?  

 Small size increases biological access, 
absorption and distribution  

Blood brain barrier, placental barrier, etc. 

• more atoms exposed 

• increased molecular activity 

www.nano.gov 

Total surface area 

6 cm2 

Total surface area 

60 cm2 

Total surface area 

60,000,000 cm2 

Nanomaterials do not behave like their bulk counterparts 

Benefits vs. Risks 
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Nanotoxicology 

• Nanotoxicology – Science of engineered nanodevices and nanostructures that deals 

with their effects in living organisms 

 Inhalation 

 

 

 

 

 Dermal 

 

 

 

 

 Ingestion 

 

Potential exposure routes 



14 Beilstein J. Nanotechnol. 2015, 6, 1769–1780. 

 carbon-based materials  

 Inorganic nanoparticles  

 metals  

 quantum dots  

 nanosized polymers  

 Composites 

Engineered nanoparticles  
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Inhibition of E. coli growth by MOx  nanoparticles 

toxic nanoparticles non-toxic nanoparticles 

Toxicity of Metal Oxide Nanoparticles in Escherichia coli 

significant growth inhibitory effects due to membrane damage and oxidative stress 

responses 

Environ. Sci. Technol. 2015, 49, 1105−1112 
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The dynamic transformations nanoparticles undergo in the body or the environment 

What Matters? 

 Solubility of NPs 

release of metal ions may 

induce cytotoxicity  

 Surface adsorption of 

NPs may adsorb proteins 

and soluble salts and 

induce cytotoxicity  

  Increase of surface 

area enhances surface 

activity e.g. ROS 

production 
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Surface Modification Matters ! 

citrate-Ag NPs were more toxic than PVP-Ag NPs 

Size-dependent toxicity silver nanoparticles 
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Nanotoxicology 7, 4, 2013  
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Morphology Matters!  



19 ACS Appl. Mater. Interfaces 2014, 6, 19327−19335 

Inhibition of Toxicity by Surface Encapsulation 
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Conclusions 

Toxicity : Still Debating 

 clear correlation is needed between the biological impact of nanomaterials and 

their properties such as size, surface structure, crystalline phase, chemical 

composition, presence of metal trace impurities  

  Every condition leads to a different biological response 
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