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Fluorescence (@ y requlre int q ear-monochromatic, illumination
WhicMLSpread ike halogen lamps cannot provide. Four
main \types of light sourfe sed including xenon arc lamps or mercury-
vapor lamps with an ex01tat10n filter, lasers, supercontinuum sources, and

high-power LEDs. Lasers are most widely used for more complex fluorescence
microscopy.

Sample preparation

In order for a sample to be suitable for fluorescence microscopy it must be
fluorescent. There are several methods of creating a fluorescent sample; the
main techniques are labelling with fluorescent stains or, in the case of
biological samples, expression of a fluorescent protein. Alternatively the
intrinsic fluorescence of a sample (i.e., autofluorescence) can be used.[!l In the
life sciences fluorescence microscopy is a powerful tool which allows the
specific and sensitive staining of a specimen in order to detect the distribution
of proteins or other molecules of interest.




robustness against stochasticity of gene expression to the forefront of signaling
studies.

8) Scanning Electron microscope

The scanning electron microscope (SEM) is a type of electron microscope that
uses a focused beam of high-energy electrons to generate a variety of signals at
the surface of solid specimens. The signals that derive from electron-sample
interactions reveal information about the sample including external
morphology (texture), chemical composition, and crystalline structure and
orientation of materials making up the sample. In most applications, data are
collected over a selected area of the surface of the sample, and a 2-dimensional
image is generated that displays spatial variations in these properties. Areas
ranging from approximately 1 cm to 5 microns in width can be imaged in a
scanning mode using conventional SEM techniques (magnification ranging
from 20X to approximately 30,000X, spatial resolution of 50 to 100 nm) The
SEM is also capable of performmg analyses of selected point lo s on the
sample; this approach is especially useful in quahtatl‘élé.jﬁ cglantltatlvely

determining chemical compositions, crystalli and crystal
orientations. O‘—e

The most common SEM etectlon ry electrons emitted by
atoms exmted b tron bea er of secondary electrons
depends éngde at w eets surface of specimen, i.e. on
spec? graphy ?sakgnegJ the sample and collecting the secondary
electrons with a special *detector, an image displaying the topography of the

surface is created.
Principles and capacities

Accelerated electrons in an SEM carry significant amounts of kinetic energy,
and this energy is dissipated as a variety of signals produced by electron-
sample interactions when the incident electrons are decelerated in the solid
sample. These signals include secondary electrons (that produce SEM images),
backscattered electrons (BSE), diffracted backscattered electrons (EBSD that
are used to determine crystal structures and orientations of minerals), photons
(characteristic X-rays that are used for elemental analysis and continuum X-
rays), visible light (cathodoluminescence-CL), and heat. Secondary electrons
and backscattered electrons are commonly used for imaging samples:
secondary electrons are most valuable for showing morphology and topography
on samples and backscattered electrons are most valuable for illustrating
contrasts in composition in multiphase samples (i.e. for rapid phase
discrimination). X-ray generation is produced by inelastic collisions of the
incident electrons with electrons in discrete orbitals (shells) of atoms in the




sample. As the excited electrons return to lower energy states, they yield X-rays
that are of a fixed wavelength (that is related to the difference in energy levels
of electrons in different shells for a given element). Thus, characteristic X-rays
are produced for each element in a mineral that is "excited" by the electron
beam. SEM analysis is considered to be "non-destructive"; that is, x-rays
generated by electron interactions do not lead to volume loss of the sample, so
it is possible to analyze the same materials repeatedly. The signals result from
interactions of the electron beam with atoms at or near the surface of the
sample. In the most common or standard detection mode, secondary electron
imaging or SEI, the SEM can produce very high-resolution images of a sample
surface, revealing details less than 1 nm in size. Due to the very narrow
electron beam, SEM micrographs have a large depth of field yielding a
characteristic three-dimensional appearance useful for understanding the
surface structure of a sample. This is exemplified by the micrograph of pollen
shown above. A wide range of magnifications is possible, from about 10 times
(about equivalent to that of a powerful hand-lens) to more than 500,000 times,
about 250 times the magnification limit of the best light microscopes.

Back-scattered electrons (BSE) are beam electrons that a de t X“rom the
sample by elastic scattering. BSE are often used in t@ EM along with
the spectra made from the characteristic se the intensity of the
BSE signal is strongly related to th )&Eﬁber of the specimen. BSE

images can provide mfor a dlst i0 of different elements in
the sample. For th @ Qa can image colloidal gold
immuno- labe\s'¥ NI nm d1 hich would otherwise be difficult or
1mpogt‘ dttect 1n eectron images in biological specimens.
Chardctetistic X-rays ar d when the electron beam removes an inner

shell electron from the sample, causing a higher-energy electron to fill the shell
and release energy. These characteristic X-rays are used to identify the
composition and measure the abundance of elements in the sample.




Magnetic Lenses Guide the Electrons
A "light source" at the top of the microscope emits the electrons that travel
through vacuum in the column of the microscope. Instead of glass lenses
focusing the light in the light microscope, the TEM uses electromagnetic lenses
to focus the electrons into a very thin beam. The electron beam then travels
through the specimen you want to study. Depending on the density of the
material present, some of the electrons are scattered and disappear from the
beam. At the bottom of the microscope the unscattered electrons hit a
fluorescent screen, which gives rise to a "shadow image" of the specimen with
its different parts displayed in varied darkness according to their density. The
image can be studied directly by the operator or photographed with a camera.
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