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Learning Outcomes
In this module, students will:
•  Appreciate the small scale at which nanoscientists work.
• Recall the parts and functions of the light microscope.
• Outline the limitations of the light microscope.
•  Differentiate between the variety of microscopy methods used to examine  

nanomaterials and discuss the limitations of the individual techniques.

microscopy
The aim of this module is to provide students 
with an introduction to the methods used to 
observe and manipulate nanomaterials. Using a 
PowerPoint presentation and worksheet, students 
will be introduced to the wave nature of light 
and the limitations of the light microscope. They 
will also be introduced to a variety of electron 
and scanning probe microscopic techniques. 
The practical aspect of this module is designed 
to re-acquaint students with the preparation 
and viewing of a variety of samples using a light 
microscope; the students will then be able to 
compare their results to images of samples  
taken using CRANN’s electron microscopes. 
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How much can we see?
Without help, the human eye can distinguish two points that are about 0.2 mm apart. 
Anything closer than this will appear as a single line. This distance is known as the 
resolution of the eye. A practical example of this can be demonstrated by magnifying 
a picture in a newspaper or an LCD screen; you will see the image is made up of small 
dots. These ‘dots’ (pixels) are too close together to be resolved by the human eye alone.

What are light microscopes and how do they work?
The microscopes used in standard school labs are light microscopes, they are also 
known as compound microscopes because they contain two magnifying lenses.  
These microscopes use a combination of visible light and magnification to detect small 
objects. The first lens (eyepiece lens) on standard school microscopes will have a x10 
magnification. The second lens (objective lens) is the lens that is immediately above the 
specimen. There are three objective lens; scanning (x4), low power (x10) and high power 
(x40). The total magnification can be calculated by multiplying the magnifying power of 
the eyepiece lens by the magnifying power of the objective lens.

The limitations of light microscopes 
It was the English Physicist, Thomas Young, who proved that light travelled in waves 
by way of his double slit experiment. This involves passing light from a monochromatic 
source (i.e. light of one wavelength) through two closely spaced slits. Diffraction occurs  
at each of these slits with both constructive and destructive interference occurring.  
This leads to a series of bright lines (interference pattern) being produced on a screen. 
This interference tells us that light travels in waves.

teachers’  
notes

Fig 1 Standard laboratory microscope

SYLLABUS LINKS

JC Science 
>  The microscope (Biology)

LC Biology 
>  Identify the parts of a light 

microscope
>  Distinguish between the light  

and the electron microscope
>  Calculate magnification

LC Physics 
> Waves and wavelength 
> Light

LC Chemistry 
> Electrons

NCCA Proposed LC Revisions (2011) 
> Nanoscience terms

SUGGESTED TIMING

Lesson plan:  
>  80 minute class + lab activity;  

40 minute ICT activity 

Introduction Teacher activity 
>  5 minutes

Powerpoint (PPT) presentation: 
Slides 1–6 Teacher activity 
>  10 minutes 

Lab activity Student activity 
> 25 minutes

Remaining (PPT) slides Teacher activity 
> 40 minutes

ICT Activity Student activity 
>  40 minutes 
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Light is a form of energy, it moves from one place to another in the form of  
waves. These waves move in cycles, the distance from one point on a wave to  
the corresponding point on the next cycle is known as the wavelength.

Visible light has a wavelength between 400 and 800 nm depending on the colour  
of the light. Dark colours such as purples and blues have a short wavelength, while reds 
and oranges have a longer wavelength. 

Modern light microscopes can now magnify objects 1000 times, this allows the eye 
to resolve objects separated by 200 nm. The amount of detail that can be seen with a 
light microscope is limited by the wavelength of visible light which at its smallest is 390 nm. 
Ultraviolet light, which possesses an even shorter wavelength, gives a small improvement  
as does using materials that improve the refraction (bending) of the light but the wavelength 
of visible light is too big to see the finer details of the nanoscale (10-9) that scientists require.

Microscopy is used to view samples that cannot be seen unaided with the human eye.  
There are 3 main branches of microscopy:  
• Optical (light microscope)
•  Electron (Scanning Electron Microscopy [SEM] and Transmission Electron  

Microscopy [TEM])
•  Scanning probe (Scanning Tunnelling Microscopy [STM] and Atomic Force 

Microscopy [AFM])

CRANN’s Advanced Microscopy Laboratory (AML) contains some of the most  
powerful electron and scanning microscopes in the world.

How do electron and scanning probe microscopes work?
optical microscopes have been discussed above; they essentially focus visible light 
through lenses to make a magnified image. 

electron microscopy uses a beam of electrons to illuminate a specimen and produce 
a magnified image. Electrons have wavelengths 100,000 times shorter than photons 
(visible light) thus achieving a resolution up to 50 picometres (10-12 m).  
There are two common types of electron microscopes: scanning (SEM) and  
transmission (TEM). 

scanning electron microscope (sem) This produces an image by scanning it  
with a high-energy beam of electrons. The electrons emitted interact with the atoms  
of the sample being scanned. Electrons produced from this interaction are detected  
and used to build up an image of the specimen as they contain information about the 
sample surface, such as it’s topography and composition. For conventional imaging in 
the SEM, specimens must be electrically conductive, at least at the surface. Biological 
(non-conductive) samples e.g. living cells and tissues have to be first coated with a  
metal (usually gold or silver) that readily conducts electrons. 

transmission electron microscope (tem) This technique also uses a beam of 
electrons. This time the beam of electrons is transmitted through an ultra-thin specimen, 
interacting with the specimen as it passes through. An image is formed from the interaction 
of the electrons transmitted through the specimen. The image is magnified up to over 
x1,000,000, and is detected using a detector known as a charge coupled device [CCD].

ACTIVITIES

Worksheet 
>  There is a worksheet to 

accompany this module. It is 
designed to be used in conjunction 
with the PowerPoint presentation.

Lab Activities 
>  The experiment sheet outlines 

an activity requiring students to 
examine a variety of materials 
under a light microscope and 
compare them to electron 
microscope images.

ICT Activities 
>  There are a wide variety of virtual 

microscopes available online 
for free. These can be used on 
an individual or group basis by 
students or as a demonstration. 
The first two sites are used in the 
accompanying ICT worksheet.

www.olympusmicro.com/primer/java/
electronmicroscopy/magnify1/index.html  
This is a very well laid out and easy to use 
application. Students can adjust the focus, 
contrast, brightness and magnification (up to 
6000 times in some cases) of a variety of insects 
including beetles, ants, bees and grasshoppers, 
to name but a few. 

school.discoveryeducation.com/lessonplans/
interact/vemwindow.html This website from 
the Discovery Channels education section 
simulates an electron microscope (no download 
necessary). The application is in the format of 
a puzzle – students must place a sample under 
the SEM and identify it. 

www.udel.edu/biology/ketcham/microscope/
scope.html This website contains a virtual  
compound microscope (no download 
necessary). The microscope has full functionality 
and there is a choice of 4 samples. 

webanatomy.net/microscope/microscope.htm  
This site, while not imitating the functionality 
of an electron microscope does provide a vast 
array of electron microscope images from the 
human body including blood, bone, kidney and 
digestive system.

bugscope.beckman.uiuc.edu/ (Bugscope)  
This website is run by the Imaging Technology  
Group at the Beckman Institute at the University  
of Illinois, which provides free interactive access 
to their scanning electron microscope. Students 
can propose the experiment and in real time 
look at insects under high magnification, 
discussing what they see with scientists. You 
can send your own insect or use one of theirs 
and it’s all completely free. Remember if you are 
booking the session that there is a 6 hour time 
difference between Ireland and Illinois!
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http://www.olympusmicro.com/primer/java/electronmicroscopy/magnify1/index.html
http://www.olympusmicro.com/primer/java/electronmicroscopy/magnify1/index.html
http://school.discoveryeducation.com/lessonplans/interact/vemwindow.html
http://school.discoveryeducation.com/lessonplans/interact/vemwindow.html
http://www.udel.edu/biology/ketcham/microscope/scope.html
http://www.udel.edu/biology/ketcham/microscope/scope.html
http://webanatomy.net/microscope/microscope.htm
http://bugscope.beckman.uiuc.edu/
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Fig 2 Wave diagram

Fig 3 Wavelength of visible light

scanning probe microscopy (spm) is a type of microscopy that uses a probe to scan 
the surface of a specimen. An image of the surface is gathered by moving the probe 
over the specimen. Two common types of SPM are Scanning Tunnelling Microscopy 
(STM) and Atomic Force Microscopy (AFM).

scanning tunnelling microscope (stm) A very fine probe with a conductive  
metal tip the size of a single atom is held extremely close to a surface (10 Angstroms  
or the size of 1 atom). As the probe moves over the surface, a voltage is applied to  
both the probe and the surface. A potential voltage difference is created between the 
two conducting surfaces. This allows the electrons to move, or ‘tunnel’, between the 
surface of the sample and the tip of the probe over small distances. This creates a 
current which can be measured,as the tip’s position scans across the surface, and  
the information is then usually displayed in image form. STM provides atomic-size 
details of material surfaces, e.g. for carbon nanotubes and metals. Development of  
the STM at IBM Zurich won the Nobel Prize for Physics in 1986. The STM is used by 
companies like IBM and many universities. They are used for developing next generation 
solutions in integrated circuit [IC] logic processing and data storage.

atomic force microscope (afm) An atomic force microscope works by ‘feeling’ 
the surface of a material with a mechanical probe. A sharp tip (the size of one atom at 
the tip) is moved accurately back and forth across a surface. The tip is attached by a 
spring to a cantilever that moves up and down like a diving board as the tip is being 
dragged across the surface. The cantilever can be deflected by mechanical, magnetic 
and electrostatic forces. It is so sensitive it can also be deflected by forces that hold 
atoms and molecules together. The distance of the deflection is measured by a laser 
that is reflected off the top of the cantilever and into an array of photodiodes creating 
an image. Resolutions can be achieved in the order of fractions of a nanometre. AFM 
can be used in multiple industries, for example determining manufacturing defects on 
coated stents and other biomedical surfaces and measuring the roughness of a variety 
of physical materials, from metals to food. 

The accompanying PowerPoint 
presentation provides helpful 
imagery and graphics
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Aim  
In this experiment, students will view 
some samples under a light microscope 
at low and high magnifications. They 
will then match their images to images 
provided which were taken using a 
scanning electron microscope in CRANN.

Materials 
•  Microscopes
•  Slides
•  Coverslips

Samples  
•  Fabric (a thread from a school jumper)
•  Shaving from a pencil
•  Sand
•  Feather (one feather can be cut  

up into many pieces)
•  Charcoal
•  Pollen (Lily pollen recommended)

Safety  
•  Make sure slides are not removed  

when the high power objective lens  
is in position. 

•  Microscope must be carried  
with both hands. 

Solutions to Image Quiz 
A  Pencil shaving (top is the wood,  

bottom is the graphite tip)
B  Fibre from school jumper
C  Feather
D  Sand
E  Pollen
F  Charcoal

These images are available on 
Microscopy PowerPoint. 

How can we manipulate nanomaterials?
Nano-scale surfaces can be manipulated using a Focused Ion Beam (FIB). A FIB 
is almost identical to an SEM but it uses beams of ions rather than electrons. Ions 
(which are charged atoms) are much bigger than electrons and are used to dislodge 
(mill) particles from a surface. This milling is an extremely exact process that can be 
controlled with nanometre precision. The FIB can also be used to accurately deposit 
material. During this process a small quantity of gas is injected near the ion beam.  
The beam decomposes the sample and deposits non-volatile decomposition products 
onto the surface. The volatile products are removed via a vacuum. FIB is used in the 
electronics industry to mill, rewire and integrate circuits. It is also used to prepare 
samples for TEM as samples are required to be very thin (approx. 100 nm). There  
are two types of ions used for FIB, Helium and Gallium. The Helium Ion Microscope  
is more accurate than the Gallium as its ions are smaller.

Helium Ion Microscope
The Helium Ion Microscope (HIM), is a recent advance in imaging/nanofabrication. 
It features a very finely focused beam of helium ions. The beam is sharper than a 
traditional SEM microscope or FIB. With sharper beams, researchers and industry  
can perform higher resolution imaging and nanofabrication. You can picture the  
HIM as an atomic chisel, or an atomic power-hose, for feature modification on very 
short length scales – only a few atoms!  Imagine a surgeon with a very fine scalpel, 
performing very intricate operations. The HIM is a subtle knife which gives scientists  
the ability to visualise and pattern materials like never before. 

Differences between AFM and SEM

References (accessed July 2011)
•  www.education.ie/home/home.jsp?maincat=17216&pcatego
ry=17216&ecategory=17233&language=EN 

•  Introduction to electron microscopy www.issuu.com/fei-
company/docs/intro-to-em?mode=embed&layout=http://
www.fei.com/issuu/white/layout.xml 

•  www.biologycorner.com/bio1/microscope.html 
•   www.thephysicsteacher.ie/LC%20Physics/.../18.%20

Light%20Waves.doc
•   scienceaid.co.uk/physics/waves/properties.html 
•  www.antonineeducation.co.uk/physics_gcse/Unit_1/Topic_5/

topic_5_what_are_the_uses_and_ha.htm
•  en.wikipedia.org/wiki/Electron_microscope 
•   en.wikipedia.org/wiki/Scanning_electron_microscope
•  en.wikipedia.org/wiki/Transmission_electron_microscopy
•  en.wikipedia.org/wiki/Scanning_probe_microscopy
•  virtual.itg.uiuc.edu/training/AFM_tutorial/ 
•  www.youtube.com/watch?v=EX8ClPVkD1g

experiment

Sample treatment required

Sample types

Resolution

Scanning area

Scanning speed

Type of image produced

AFM

None

Can examine wider variety of biological 
molecules and living organisms 
 
Higher than SEM, comparable to TEM

Max area of about 150 x 150 µm

Not as fast as SEM, several minutes  
for average scan 
 
3D

SEM

Can require metal coatings

More limited

Not as good

Bigger than AFM – in the order of mm2

Can be done in realtime

2D
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http://en.wikipedia.org/wiki/Electron_microscope
http://en.wikipedia.org/wiki/Scanning_electron_microscope
http://en.wikipedia.org/wiki/Transmission_electron_microscopy
http://en.wikipedia.org/wiki/Scanning_probe_microscopy
http://virtual.itg.uiuc.edu/training/AFM_tutorial/
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worksheet

TASK 1: Watch the video clip entitled 
‘CRANN’s AML’ and in the box below,  
write one important piece of information 
you learned from the clip.

TASK 3: Do you remember the functions of the parts of the microscope?

Part Function 

Name

Date

TASK 2: How many parts of the 
microscope can you name?
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TASK 5: Do you remember your abbreviations?

TASK 6: A lot of nanomaterials are kept dust and dirt free before they are placed under a high powered microscope. 
Why do you think it is so important to keep the samples clean?

AML 

SEM 

TEM 

AFM 

STM 

FIB 

TASK 4: In your own words explain why we cannot use light microscopes to view nanostructures. You may use diagrams.

nano in my life > microscopy > worksheet
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Name

Date

The aim of this experiment is to examine a 
number of samples under a light microscope 
and compare them to images provided taken 
using electron microscopes. 

Materials and Equipment 
•   Light microscope
•  Slides
•  Coverslips

Samples  
•   Fabric (a thread from a school jumper)
•  Shaving from a pencil
•  Sand
•  Feather (one feather can be  

cut up into many pieces)
•  Charcoal
•  Pollen (Lilly pollen recommended)

Method
In this experiment you will prepare and 
view a number of samples under a light 
microscope at various magnifications. 

Setting up the microscope
1  Switch on light.
2  Make sure that the stage is all the way 

down and the objective lens is set to 
the lowest magnification.

3  Place the slide on the stage making 
sure the sample you want to view is 
over the aperture. 

4  Move the stage clips over the top  
of the slide to hold it into place.

5  Beginning with the lowest magnification 
look through the eyepeice at the 
specimen.

6  Use the coarse adjustment knob to 
move the stage upward until the image 
becomes clear.

7  To magnify the image rotate the 
nosepeice and while looking through 
the eyepeice use the fine focus knob 
only to focus the image.

8  Repeat to increase magnification.
9  The total magnification can be 

calculated by multiplying the magnifying 
power of the eyepiece lens by the 
magnifying power of the objective lens 
e.g. total magnification of the low power 
objective lens 4X x 10X = 40X.

Preparing a slide for viewing:
All samples must be placed on a slide 
and covered using a coverslip. This will 
hold the sample in place and ensure no 
damage to the lens.

experiment

Can you identify these images? How do they differ to your observations using a light microscope?

A B C

D E F
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Sample 

Observations: Is there anything that surprised you when you viewed the structure at high magnification? 

Results

Sample 

Diagram under Low Magnification 

Observation 

Diagram under High Magnification 
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