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The most common types of the AuNPs for potential photothermal therapy application (Nanospheres, Nanoshell, Nanorods, Nanocages, Nanostars) [6,37,85].
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Thermionic
cathode

Anode

Specimen

Flange to high vacuum pump

Uncover the fascinating world of scanning electron mi-
croscopy as this video delves into its components, op-
eration, and applications. Learn how this powerful tool
reveals intricate details of various specimens with preci-
.sion and accuracy

The Fundamental Components of the SEM

The SEM comprises several critical components that
work in harmony to produce high-resolution images of
sample surfaces, including the electron beam generation
column, the specimen chamber, the vacuum pump, and
.the control panels

Electron Beam Generation

The electron beam is the heart of SEM, produced within
the column. At the top of this column, a thermionic cath-
ode made of a thin V-shaped tungsten wire is heated by
an electric current, emitting electrons into the vacuum.
Below the cathode, a metallic disc known as the anode is

installed, which has a central borehole. The strong elec-

€. ylwmj -oyla2 o)l - Jgl Jlw-usg iU oe

Computer

The Scanning
Electron Microscope

a3yl byl (ggoeiiuils 1o ildnn alsls Luw
Jps 0Ll oo 038 iul> ajxi

tric field between the cathode and anode accelerates these
electrons downward, forming what is referred to as the
.primary electron beam

Specimen Chamber and Vacuum System

The specimen chamber houses the samples that are be-
ing scrutinized. To maintain the accuracy of the scanning
process, achieving a high vacuum environment with-
in the chamber is crucial. This is accomplished using a
high vacuum pump, essential for maintaining the vacuum
.within the entire microscope structure

The SEM Operational Process
Preparing the Specimen

Before scanning, the specimen chamber must be vented.
Opening the cover plate allows access to the chamber
where various specimens, such as a filament of a used
light bulb, a welded tube on a sample holder, or a small
.cobalt plate, can be placed on the round stage
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Creating the Vacuum

The cover plate is carefully closed, and the high vacuum
pump is activated. Achieving the required vacuum, which
typically takes around three minutes, ensures the chamber
is devoid of air molecules that might interfere with the
.electron beam

Initializing the Control System

Once the vacuum is stabilized, the SEM’s monitor and
control system are booted up. The high voltage and ther-
mionic cathode are then turned on, enabling the genera-
.tion of a primary electron beam

Acquiring the Image

The sample stage is adjusted using the trackball to posi-
tion the sample directly under the primary electron beam.
Gradual increases in magnification allow the operator to
hone in on the sample’s intricate details. For example, a
used filament might reveal the crystallization of tungsten
.atoms, caused by prolonged use

Imaging and Analysis
How the Plastic Image is Generated

The SEM produces images based on the interaction be-
tween the primary electrons and the sample material. At
the point of incidence on the sample surface, the primary
electrons knock out secondary electrons. These second-
ary electrons are then detected and used to construct an
.image

The raster scan generator plays a crucial role in directing
the electron beam systematically across the sample sur-
face. By recording the quantity of secondary electrons at
each point and translating these counts into visual infor-
.mation, a detailed image appears on the monitor

Advanced Techniques: Non-Destructive Chemical
Analysis

One fascinating capability of the SEM is the chemical
analysis of samples without destroying them. This is par-
ticularly useful in fields where maintaining the integrity
.of the sample is crucial

Generating Characteristic X-rays

When primary electrons hit the sample surface, they may
eject inner-shell electrons from the sample atoms. The
displacement creates an unstable state, immediately cor-
rected by electrons from higher-energy shells filling the
vacancies. This transition releases energy in the form of
X-ray photons, termed characteristic X-rays because their

energy levels are unique to the elements present in
.the sample

Practical Case: Examining a Golden Piece of
Jewelry

A gold piece of jewelry provides an excellent ex-

ample of SEM’s analytical prowess. By targeting
a specific area of the sample and using appropri-
ate magnification, the SEM can generate a detailed
X-ray spectrum. This spectrum reveals the elemen-
tal composition, determining the gold content and
identifying other elements, such as silver and cop-
.per

Calibration and Verification

Maintaining accuracy in SEM measurements is es-
sential. Thus, calibration using a known standard,
such as a cobalt plate, ensures that the system cor-
rects any deviations, achieving precise and reliable
.analytical results
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