Contrasting in electron microscopy

Contrasting samples for TEM

The resolution of samples in a transmissionelectron microscope depends on the
scattering of electron beams upon impact on the sample. This dispersion
depends on the atomic weight of the elements from which the specimen is made
(the higher the atomic weight of the given elements, the higher the density will
be reflected in the image). Biological structures themselves have a low contrast,
because the biogenic elements (C, O, H, N) of which they are composed have
small atomic weights, the values of which do not differ much from each other, so
they are not discernible in an electron microscope.

There are many ways to increase the contrast of samples, for example, we can
use the method of reducing the object aperture, reducing the accelerating
voltage or increasing the thickness of the sample. However, these methods are

not widely used because they lead to image blur. is mainly used to enhance .i:igure 1 - Example of disp|ayi.ng
contrast. Nowadays, absorption of heavy metal compounds onto biological structures using positive contrast.
structures.

The following metals are mainly used: U, W, Pt, Pb and Mn, also called electron
dyes. These metals can increase the scattering of primary electrons and thereby
increase the contrast of the sample structures.

"Positive" contrast method

Compounds of heavy metal bind to such surfaces that contain reduction sites
(eg double bonds) and thus create high contrast structures that stand out
against a less dense background.

= By incubation with vapors OsOy; Figure 2 - Example of imaging of
= double staining with uranyl acetate (uranyl acetate) and lead citrate, when adenovirus. negative contrast.
uranyl acetate reacts mainly with nucleic acids and proteins and lead
citrate then reacts with membranes proteins, nucleic acids and glycogen. After double-contrast, the sample
thus obtains a uniform contrast of all cellular structures.

"Negative" contrast method

The method involves surrounding the sample with an electron-dense contrast agent containing heavy metal, which
creates a dark background against which the lower-density sample will appear brighter. This method is suitable for
observing small structures such as proteins a [[Polysaccharides, organelles, membrane systems, viruses and
bacteria.

The most commonly used contrast agents are:

= AM = ammonium molybdate;
= UA = uranyl acetate;
= PTA = phosphotungstic acid solution.

Shading method

Shading consists in covering the preparation with a thin layer of metal, this ensures the highlighting of fine fibrillar
structures and details of small macromolecules, e.g. collagenu, DNA, RNA, Ribosomes or cell wall. Metals with a
high density (Au, C, U, Cr, W, Pt, Pd, Ni, Ge) are most often used. Plating is carried out in a high vacuum (10 -4 Pa)
with the help of a vaporizing source of metal particles, when the heavy metal particles travel through the vacuum
in a straight direction in different planes and accumulate on and around the sample. Where the sample is
shadowed by the source, fewer metal particles will accumulate and this area will appear brighter - this is why rotary
shading is already used today, where the sample rotates uniformly on a rotary platform during spraying. (In
general, the rougher the surface of the preparation, the greater the angle of incidence of the sputtered metal we
choose and vice versa.) The result of shading is a very fine granularity of metal particles, thanks to which fine
structures are clearly visible.

Contrasting samples for SEM

The scanning electron microscope is mainly used for viewing the surface relief of samples up to 15x15 mm in size.
It works on the principle of detecting reflected or ejected secondary electrons from the specimen. For observation,
it is necessary that the preparations meet certain properties, such as being dust-free, stable in a vacuum, stable to
the electron beam, sufficient thermal and electrical conductivity, preserved structure and volume, and minimal
water content. Dried biological preparations do not meet these properties - they have low conductivity and when
viewed in SEM without contrast, charging by the primary electron beam would occur, resulting in surface
deformation and loss of image sharpness. The solution is to cover the preparation with a thin layer (10-20 nm) of a
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conductive material - most often a metal (Au, C, Pt, Pd, Ag), which will ensure protection of the preparation from
thermal damage and at the same time increase the formation of secondary electrons, which will result in an
increase in the signal (density) of the preparation.

This plating can be done in three ways:
By vacuum evaporation

When a high vacuum is created in the steaming apparatus and the metal is heated (electrically) to a temperature
at which individual molecules begin to be released (evaporated) from its surface. These released metal molecules
spread evenly in all directions through the vacuum and condense on the cooler specimen.

By ion evaporation

Which is based on the creation of rectified el. discharges (due to electric voltage) in a low-pressure argon
atmosphere. The effect of electricity discharge will ionize the gas. The gas ions then travel to the cathode, around
which there is a metal ring with which we want to dust the preparation. Accelerated gas particles eject metal
particles from it, which spread evenly through the space of the vaporizer and collide with other gas ions. This
creates a dense cloud of small metal particles in the entire space of the steamer, which uniformly covers the
preparation with a thin layer.

Impregnation

Which is a chemical route that uses osmium or tannic acid. It is used in cases where vaporization equipment is not
available, or when the preparation is partially conductive.
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