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It is generally known that electrons are subatomic particles with a negative elementary electric charge. But what is really scientifically important about them is the fact that they behave not only as particles but also as waves and so that they can be diffracted like light. And due to this function they can be used in electron microscopes. In contrast to the light, electrons possess an overwhelming advantage. Their wave length is much shorter than the light’s one so that we are able to observe unbelievably tiny samples – nano world. 
We are going to learn how to observe biological and inorganic samples and what are the main risks connected to the techniques of viewing samples. 

An Electron Microscope…What? Electron?

Everyone has probably heard about an optic microscope and there is also a distinct likelihood that almost everybody got in touch with it. But what do we know about an electron microscope? These are not so often seen; just a few universities possess this kind of microscope and just a part of students is allowed to work with it. Now it seems to look like a top secret, fortunately it is not. 

At first, we should make clear how this device works.The main part is an electron gun composed of cathode, extractive electrode and Wehnelt’s cylinder. Tension between cathode and extractive electrode determines accelerating tension of electrons. It actually means how many electrons will create electron beam. Cathode contains a wolfram fiber. When this fiber is heated up, an emission of electrons starts. Electron beam is then modified by a huge system of magnetic lens in order to cut off electrons which do not create a perfectly narrow and accurate beam. After being adjusted to focusing,an electron beam impacts on the sample. Secondary and back-scattered electrons are exposed from the sample and subsequently picked up by detectors. The detectors identify a signal of electrons and transform it to a final view. The signal differs from the material and surface of the sample. What we have to mention is the fact that the whole process runs in vacuum. If there is not a perfect vacuum in the draw-tube, electrons are absorbed. 
Theoretical resolution of an electron microscope is about 7, 1 pm but technical realization of a microscope reduces it. This measuring was performed with an electron microscope called Tescan Vega with resolution 3 nm. This microscope is in possession of the university VUT.
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Pic. 1 The structure of electron beam
Pic. 2 Theelectron microscopeTescan Vega
Want to See an Eye of a Fly? 
For observing biological samples is necessary to dry them up. Water causes charging electrons so that they do not impact right. Another thing we have to do is to deposit a slight layer of gold or another element on the sample to make the sample electrically conductive. Then we can start observing samples: 
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Pic. 3 Aneyeof a fly

Pic. 4 A detail ofthe eye
Dangers of Microscoping
When we are observing samples it is important to be aware of potential side effects of a microscope. Can the electron beam change the structure of a sample? Is that a parasitical effect of an electron microscope?
A sample of gold nanoparticles on silicon substratewas chosen to find out answers on these questions. Gold nanoparticles can beused for interception of light, for its transport and finally intension, for example. It has also a great potential in the growth of nanostructures on substrates. 
Gold nanoparticles were spotted on an oxide layer of silicon, whose thickness was about 3 nm. This layer was amorphous. 
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Pic. 5 Sample of gold nanoparticles on silicon substrate
At first, it is necessary tocarry out a few calculations. It was worked out that the electron beam with power of 2,5 ∙ 10-6 W produces heat of size about 2,5 ∙ 10-13 J. In this case, nanoparticles would be dissolved after 1 ∙ 10-7 s. 
An important thing is also a size of surface which touches nanoparticles. They are not connected just in one point. It can fundamentally influence a waste of heat. What can also cause this wasting is cooling, but it is not simple to quantify this effect. 
After theoretical preparation some experimental tests had to be carried out.

Picture number 5 shows a distribution of gold nanoparticles. Two similar nanoparticles were chosen (pic. 6) and then one of them zoomed to maximal magnification (pic. 7) so that the electron beam impacts only on this very tiny place. After focusing itwas possible to see an obvious change in the structure (pic. 8). 
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Pic. 5 Distribution od gold nanoparticles

Pic. 6 Group of nanoparticles
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Pic. 7 Maximal magnification

Pic. 8 Change in structure. 
It is evident that an electron beam had a smelting effect on the nanoparticles. At first both nanoparticles had the same size and accurate edges. After exposition, focused nanoparticle changed its structure. We can also observe a contrast of the materials –light places consist of gold and the darker ones of silicon. It is also possible to see grey areas where the reaction of gold and silicon occurred. It led to creating gold silicide Au5Si2. 
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Pic. 9 Gold silicide

And What to Add?
It was found out that an electron beam causes enormous changes in structures of samples. The smelting of nanoparticles can bring along problems in a research of gold nanoparticles. The intention is to warn users and researchers of electron microscopes before this undesirable effect. Another important thing is that the size of electric current (intension of the electron beam) does not have an influence on the effect of the beam. The only way how to reduce these negative effects is not to observe a tiny area of a sample for too long time. 
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