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Transmission electron microscopy
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To increase the effective resolution:

1. Decrease wavelength of incident
beam
1. monochromatic blue/UV
2. electrons

2. Increase lens quality

3. Decrease section thickness
1. Resin embed + ultramicrotomy
2. confocal microscopy (optical
sectioning)






For the TEM:
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d = resolution in nm

d = 0.753 a = half aperture angle

a VV1/2 V = accelerating velocity

Solving for 100,000 volts, the result is
0.24nmor 2.4 A,



The first TEM was built by Max

Knoll and Ernst Ruska in 1931, with this group
developing the first TEM with resolution
greater than that of light in 1933 and the
first commercial TEM in 1939.

Over time, electron microscopes have
become more powerful (in terms of KV),
so their resolutions have correspondingly
improved from:

10 nanometers (STM, 1989) to

0.05 nm (million KV field emission TEM,
2000 June) »1,000,000X magnification


http://en.wikipedia.org/wiki/Max_Knoll
http://en.wikipedia.org/wiki/Max_Knoll
http://en.wikipedia.org/wiki/Ernst_Ruska
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What are problems/differences between
TEM compared to LM?

I T

Atmosphere Air High vacuum
Specimen size >1cm3 1mm3
Fixation Formaldehyde (immersion) Glutaraldehyde (perfuse)
Section thickness <>10pum 60-80nm
Embedding Wax Resin
Sectioning Steel knife Glass or diamond knife
Mounting Glass slide Copper grid (3mm)

Stain Organic basis Heavy metals (Pb, Ur)
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Sectioning - ultramicrotome










Figure 17. Interference card for determination of section thickness.



Figure 22. A-G. Diagrams illustrating the use of a Perfect Loop




1. Structure - gualitative -, classic TEM

2.5tructure - guantitative size'image
analysis TEM

3.Structure - guantitative composition’

G)elemenTGI = Ener'gy Dispersive Xr'ay Spectroscopy
(EDS or EDX)

b)protein - immunocytochemistry









1. Structure - gualitative -, classic SEM,
TEM

2.5tructure - guantitative size'image
analysis TEM

3.Structure - guantitative composition’

G)miner'al - Ener'gy Dispersive Xray SpecTroscopy (EDS or
EDX)

b)protein - immunocytochemistry
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1. Structure - gualitative -, classic SEM,
TEM

2.5tructure - guantitative size’'image
analysis TEM

3.Structure - guantitative composition’

C()elemen'ral = Ener'gy Disper'sive Xr'ay Spec’rroscopy
(EDS or EDX)

b)protein - immunocytochemistry



1012319Q

Aeu-x




cps/eV

key




1. Structure - gualitative -, classic SEM,
TEM

2.5tructure - guantitative size'image
analysis TEM

3.Structure - guantitative composition’

G)Z'ZmenTGI = Ener'gy Dispersive Xray Spectroscopy
(EDS or EDX)

b)protein - immunocytochemistry



IMMUNOHISTOCHEMISTRY AND
IMMUNOCYTOCHEMISTRY













The End



