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Outline of Presentation

� What is Nanotechnology?

� Electron Microscopy Techniques

� Examples
� Delivery systems for cancer drugs
� Antimicrobial applications
� Raw materials
� Cosmetics
� Biological
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Nanotechnology

� “Nanotechnology is the understanding and control of matter at 
dimensions between approximately 1 and 100 nanometers, where 
unique phenomena enable novel applications. Encompassing 
nanoscale science, engineering, and technology, nanotechnology 
involves imaging, measuring, modeling, and manipula ting 
matter at this length scale .” - National Nanotechnology Initiative 
(www.nano.gov)
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The Promise of Nanotechnology

� Novel properties/ phenomena/ processes
• Richard Feynman (1959)
• “There’s Plenty of Room at the Bottom1”

� Revolutionize science, technology, and medicine

� A new world of products:

• In 2000, NSF estimated:
� $1 trillion US market by 2015
� 200 million workers

• In 2007, Cientifica estimated2:
� $1.5 trillion US market by 2015
� 80% of applications in the pharmaceuticals and healthcare sectors 

1There’s Plenty of Room at the Bottom, Annual Meeting of the American Physical Society at the California Institute of 
Technology, Dec. 29, 1959.

2 “Half Way to the Trillion Dollar Market? A Critical Review of the Diffusion of Nanotechnologies”, Cientifica, 2007. 
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� Stained windows from the16th 
and 17th centuries:

� Added gold chloride to molten 
glass resulting in a red tint

� Added silver nitrate to molten 
glass resulted in a yellow tint

� Analysis of glass from this era 
revealed gold and silver 
nanoparticles; reflected red and 
yellow light, respectively

Early Uses of Nanotechnology

Chang, Kenneth, “Tiny Is Beautiful: Translating ‘Nano’ into Practical,” New York Times, 22 February 2005, Science Desk Section.
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Nanotechnology Group at RJLG
� Naturally Occurring

� Asbestos
� Volcanic Ash
� Forest Fire Smoke
� Biological Structures

� Combustion (Incidental) Particles
� Soot and Diesel Emissions
� Metal Oxides
� Welding Fumes

� Engineered Nanoparticles
� Quantum Dots
� Coatings
� Catalyst Materials
� Carbon Nanotubes (CNTs)
� Carbon Black
� Medical Device Wear Debris
� Titanium Dioxide
� Gold Nanoparticle/Nanorods
� Silver Nanoparticles

Quantum Dots

Welding Fumes

Brochosomes
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Nanocharacterization Tools

TEM

STEM

FESEM/STEMFESEM

XPS
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Features of Electron Microscopy

SE ImageDepth of Field Three Dimensional Surface Topography
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Ultra-High Resolution Scanning Electron Microscope (SEM)

� Higher resolution and higher magnifications found in typical 
SEMs:

� 0.4 nanometer resolution 
� Magnifications up to 2,000,000 X

� Variety of imaging modes :
� Secondary Electron: Size, Morphology and Surface Texture
� Bright Field-STEM (BF-STEM): Density and Internal Structure
� Dark Field-STEM (DF-STEM) and Backscattered Electron: 

Compositional Information

� Highly sensitive energy dispersive X-ray spectroscopy (EDS) 
system is needed

� High-resolution spot/point elemental analysis
� High-resolution elemental mapping

� Ability to collect images and elemental information without 
moving the sample location (i.e. working distance)

� Typically can analyze samples without coating the surface 
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Dedicated Scanning Transmission Electron Microscope  (STEM)

� Higher resolution and higher magnifications 
then can be achieved in any SEM:

� 0.204 nm Lattice Resolution
� Magnifications up to 10,000,000 X

� Variety of imaging modes:
� Diffraction Capabilities: Crystal Structure
� Secondary Electron: Size, Morphology and 

Surface Texture
� Bright Field-STEM (BF-STEM): Density and 

Internal Structure
� Dark Field-STEM (DF-STEM): Compositional 

Information

� To obtain elemental information from 
nanoparticles, a highly sensitive EDS system 
is needed

� High-resolution spot/point elemental analysis
� High-resolution elemental mapping
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Welding Fumes

SE Image BF-STEM Image

DF-STEM Image EDS Map
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Importance of Sample Preparation

� New techniques and protocols must be developed for materials of this size 
since, in many cases, traditional sample preparation methods are not 
applicable.

� Sample preparation will directly facilitate or impede analysis and maintains 
high importance in this type of sample characterization. In the method 
development phase, several things must be considered:

• Sample media: powder, liquid, suspension, solid or bulk
• Preparation media: carbon film, lacey, holey TEM grids
• Sample state: ambient or cryogenic state, freeze fracture, WETSEM®

• Sample treatment needed: coating, staining, dialysis, ultramicrotomy
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Nanotechnology in Drug Design and Drug Delivery Sys tems

� Rate of absorption
� Distribution
� Metabolism
� Dosing 
� Bioavailability

� Particle size distribution
� Particle shape
� Particle morphology
� Agglomeration tendencies of drug 

components
� Elemental composition

Potential Effects Electron Microscopy

Carbon NanotubesIron DisulfideGold Nanospheres
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Delivery Systems for Cancer Drugs

� Gold nanoparticles
• Controlled drug delivery

• Detect cancer cells due to unique ability to scatter and absorb light

Secondary electron images of gold nanoparticles. The particles are approximately 
50 nm in diameter and appear to have a smooth surface. The images also show 
the agglomeration tendencies of the gold nanoparticles. The gold nanoparticles
were not coated prior to analysis.
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Delivery Systems for Cancer Drugs
� Gold nanoparticles

BF-STEM images of 1-3 nm gold nanoparticles and a corresponding EDS 
spectrum showing the gold peaks. The gold nanoparticles were sized in a semi-
automated fashion using offline software.
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Delivery Systems for Cancer Drugs

� Gold nanorods
� Potential tumor diagnostics

� Potential drug treatment particles with the use of near-infrared laser heating

Secondary electron images of gold nanorods. The particles are primarily rod-
shaped cylinders approximately 20 nm in diameter and 50 nm in length. However, 
there are spherical particles in the particle population. The SEM images show that 
the gold nanorods tend to agglomerate similar to the gold nanoparticles.



17

Delivery Systems for Cancer Drugs

� Gold nanorods

A BF-STEM and DF-STEM image of the gold nanorods at a lower magnification. 
These imaging modes were useful in locating the gold nanorods on the TEM 
carbon film grid. Secondary electron imaging was then used to obtain secondary 
electron images for size, shape, morphology and surface texture information.

BF-STEM DF-STEM
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Antimicrobial Applications

� Silver nanoparticles
• Soaps, sanitizers, fabric softeners, detergents, cosmetics, wound dressings, 

socks and clothing

A secondary electron image of silver nanoparticles. Research scientists believed 
they were producing spherical silver nanoparticles, but the SEM image shows that 
the particle population consisted of rounded, angular, and cylindrical particles. The 
higher magnification image shows that the round particles are slightly irregular and 
the surface has texture.
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Raw Materials

� Titanium dioxide nanoparticles
• Sunscreens, tablet coatings, toothpaste colorants, cosmetics

Secondary electron images of 5 nm titanium dioxide nanoparticles. The particles 
were prepared on a Lacey TEM grid. The particles tended to form micron size 
agglomerates making it difficult to observe the individual particle size and shape. 
The EDS elemental map confirms that the particles are composed of titanium and 
oxygen.



20

Cosmetics

� Sunscreen
• Composed of titanium dioxide nanoparticles and carbon spheres

A secondary electron image showing surface texture and a DF-STEM image 
showing compositional information of the agglomerated nanoparticles found in 
sunscreen. A corresponding EDS elemental map shows the location of the titanium 
dioxide and carbon spheres found in the sunscreen sample.
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Biological

� HeLa cancer cell culture
� Test targeting ability of drug delivery systems

DF-STEM images of an unstained HeLa cancer cell culture. 

Images courtesy of Hitachi High Technologies, Inc.
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Summary

� Nanotechnology is playing an increasing role in the area 
of pharmaceuticals and drug delivery development.

� Electron microscopy is an important tool for the 
characterization and understanding of:

• Size
• Morphology, Surface Texture
• Size Distribution
• Agglomeration State
• Elemental information

� Electron microscopy can not only be utilized during drug 
development but can aid during other phases of the life 
cycle process:

• Drug discovery for development
• Characterization during scale-up
• Validation
• Regulatory review
• Quality assurance post production

Gold Nanorods

Gold Nanoparticles

TiO2 Nanoparticles
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For More Information…

Dr. Kristin Bunker Dr. Jacqueline Sturgeon
Sr. Scientist Materials Scientist
Materials & Env. Svcs. Materials & Env. Svcs.
klbunker@rjlg.com jsturgeon@rjlg.com
724-387-1954 724-387-1825

Thank You!


