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From ancient artifacts to modern Gadgets, X-ray Fluorescence
(XRF) is a powerful scientific tool that allows us to peek inside materi-
als and understand what they are made of. We can uncover their hid-
den secrets, guiding archaeological digs, geological surveys, and indus-
trial processes alike. We will explore why XRF is so important, how it
works, and its applications in fields like archaeology and geology, and
consider the big questions it helps us answer about the world around us.

X-rays were discovered by German physicist Wilhelm Conrad
Roentgen in 1895 while experimenting with cathode ray®. X-rays are a
form of electromagnetic radiation, similar to light but with much higher
energy. They are invisible to the human eye and can pass through most
objects, including the human body. XRF uses X-rays in a blend of physics,
chemistry, and technology that lets scientists analyze the elements pres-
ent in a wide range of substances. This allows scientists to examine the
elemental composition of materials without damaging them. It is similar
to having a microscope that can see atoms, the building blocks of matter.

Henry Moseley, born in 1887 in Weymouth, England, was a pioneer-
ing physicist whose groundbreaking work revolutionized our understand-
ing of the atom®. While studying at the University of Oxford, he conducted
experiments under Ernest Rutherford, leading to the discovery of the rela-
tionship between X-ray spectra and atomic number, known as Moseley’s
Law. This fundamental breakthrough laid the groundwork for the modern
periodic table and significantly advanced the field of atomic physics. Tragi-
cally, Moseley’s promising career was cut short when he was killed in action
during World WarIattheage of 27, leaving behind alasting legacy in science.

X-ray Fluorescence is a technique that works by shooting X-rays at a
sample, which excites atoms inside (Figure 1). These excited atoms then emit
characteristic X-rays, which can be detected and analyzed to determine what
elements are present in the sample. Because of the way an atom’s electrons
are arranged in shells around the nucleus when an electron from a higher
energy shell drops down to fill a vacancy in a lower energy shell, it releases
energy in the form of an X-ray photon. This energy corresponds to the dif-
ference in energy levels between the two shells involved in the transition.
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Figure 1. An incident X-Ray, causing ejection of ground state electron,
higher shell electron fills in vacant spot releasing characteristic X-Rays.

The equipment used helps achieve our goals by emit-
ting X-Rays into a select sample. That sample’s atoms emit their
unique X-Rays (Figure 1) which can be interpreted by a detector.
The computer then takes that interpretation and displays it on a
graph that scientists can analyze (Figure 2 and Figure 3).
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Figure2. Apparatus with an X-Ray Source pointed ata Titanium sample.
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Figure 3. Example spectrum graph of a Titanium element sample.

XRF serves as a critical tool for evaluating fundamental scien-
tific principles such as Moseley’s Law, which elucidates the correla-
tion between the energy of characteristic X-rays and the atomic number
of an element denoted by (Z - b)> where ‘Z’ is the atomic number and
‘b’ is the shielding constant.'??! Scientists design and execute exper-
iments employing XRF, directing X-rays at materials of known com-
position (Figure 2) and subsequently distilling the results against the
theoretical predictions derived from Moseley’s Law. This process con-
tributes significantly to validating our comprehension of atomic struc-
ture and the underlying principles of physics such as quantum me-
chanical functionality - particularly through the behavior of electrons,
energy levels, and transitions - re-conceptualizing the periodic table.

Following the execution of experiments, and rigorous data analy-
sis, scientists derive conclusions regarding the fidelity of Mosely’s Law,
particularly in the significance of the shielding constant. The shielding
constant lies in its influence on the energy levels and arrangement of elec-
trons within atoms. It helps explain phenomena such as the ordering of el-
ements in the periodic table and the progression of electron configurations
within elements. Through comparative analysis with established bench-
marks, these findings yield profound insights into the intricacies of atomic
structure, furthering our understanding of the inherent natural behavior.

The outcomes derived from these experiments bear substantial sig-
nificance for future scientific investigation and practical applications of
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XREF. Pottery and ceramic artifacts are abundant in archaeological sites and
provide valuable insights into past civilizations, cultures, and technolog-
ical advancements. XRF helps date these ancient artifacts and identify the
materials they’re made of, as well as their manufacturing techniques and
geographical origins. In Geology, it aids in mineral analysis, ore explora-
tion, and mapping the Earth’s surface, helping us understand our planet’s
history and resources. One example that fulfills all these investigations is
the analysis of the obsidian in its ore form and tools*. XRF catalyzes the re-
finement of analytical techniques, the development of innovative technolo-
gies, and the resolution of real-world challenges spanning diverse domains.

In summation, X-ray Fluorescence emerges as a strong tool, fa-
cilitating the exploration of the concealed properties inherent in ma-
terials. By fully understanding the operational mechanisms of XRF,
and leveraging its capabilities to validate scientific principles, we
are positioned to unravel the mysteries of the universe and pro-
ceed in advancements that add to the benefit of society at large.
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in bibliographies. Material contained herein should be treated as personal commu-
nication and should be cited as such only with the consent of the author
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