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ATOMIC SPECTRA

Atomic spectra refer to the spectrum of frequencies of electromagnetic radiation emitted or
absorbed when electrons transition between energy levels within an atom. Each element possesses
a characteristic spectrum, providing a distinctive fingerprint for identification. Within an atom,
electrons occupy discrete and specific energy levels, with more energy states than electrons. When
an electron moves between energy levels, it emits or absorbs light, producing photons with specific
wavelengths.

As electrons undergo transitions between different energy levels within an atom, they release or
absorb electromagnetic radiation, creating a spectrum. The emitted or absorbed light has a
particular wavelength corresponding to the electron's jump from one energy level to another.

The Rydberg formula plays a crucial role in dissecting the atomic hydrogen emission spectrum into
distinct spectral lines dependent on wavelength. Visible spectral lines in the hydrogen emission
spectrum result from atomic transitions between different energy levels. Spectral series, as
revealed by the Rydberg formula, are of great importance in astronomical spectroscopy.

Characteristics of Atomic Spectrum

The features of the Atomic Spectrum can be delineated as follows:

. Pure Line Spectrum: The Atomic Spectrum is expected to manifest as a pure line spectrum. This
implies that the spectral lines should be sharply defined, representing specific wavelengths
corresponding to the transitions between different energy levels of electrons within the atom.

. Emission Band Spectrum: In addition to being a pure line spectrum, the Atomic Spectrum can
also present as an emission band spectrum. This signifies that, in certain instances, multiple
closely spaced lines may collectively form a band, indicating simultaneous transitions from
various energy levels.

3. Absorption Line Spectrum: The Atomic Spectrum may exhibit characteristics of an absorption
line spectrum. This occurs when the spectrum displays dark lines or gaps at specific wavelengths,
signifying the absorption of light by electrons transitioning to higher energy levels.

4. Absorption Band Spectrum: Similarly, the Atomic Spectrum can manifest as an absorption band
spectrum. In this scenario, groups of closely spaced dark lines may collectively form a band,
indicating the absorption of light by electrons moving to higher energy levels.

These characteristics collectively provide valuable information about the energy transitions of
electrons within an atom, contributing to the understanding of atomic structure and behavior.
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Atomic Spectrum Overview

Under specific conditions such as pressure, temperature, and other relevant factors, the ensemble
of distinct wavelengths associated with the transitions between different energy levels within an
atom forms what is known as the Atomic Spectrum. Essentially, the Atomic Spectrum encompasses
the entire range of wavelengths specific to a given set of conditions, providing valuable insights into
the behavior of atoms.

This comprehensive understanding of atomic spectra involves a closer examination of three main
types: emission spectra, absorption spectra, and continuous spectra. Each type offers unique
information about the behavior of atoms in relation to light interactions. The discussion will further
delve into the Rydberg formula and explore the spectral series of the hydrogen atom, shedding light
on the intricate details of atomic behavior and spectral characteristics.

Spectral Series

Predictable patterns govern the light frequencies emitted by a specific element, exemplified by the
hydrogen atom, the most fundamental atom. Although the spectral lines initially appear disorderly,
they follow a systematic arrangement, particularly within sets known as spectral series. One such
series, the Balmer series, was first identified in the visible region of the hydrogen spectrum by
Johann Jakob Balmer, a Swedish schoolteacher.

The Balmer series in the hydrogen emission spectrum begins with the red line, characterized by the

longest wavelength at 656.3 nm. Subsequent lines in the blue-green spectrum exhibit decreasing
wavelengths: 486.1 nm for the second line and 434.1 nm for the third line, and so forth. As the
wavelength decreases, the lines in the Balmer series draw closer together and diminish in intensity.
This systematic arrangement of spectral lines provides valuable insights into the behavior of
hydrogen atoms and contributes to our understanding of atomic spectra.

Rydberg’s Formula

Rydberg's equation serves as a valuable tool for estimating the wavelength of spectral lines across
various chemical elements in the realm of atomic physics. Particularly applicable to all atomic
hydrogen transitions, the equation represents a broadened version of the Balmer series.

Defined in terms of the electron's ground-state energy within the Bohr model of the hydrogen atom,
the Rydberg formula incorporates several parameters in the cgs unit system. These parameters
include "me" for electron mass, "e" for the electron charge, h-bar for reduced Planck's constant, "Z"
for the atomic number, and "n" for the principal quantum number corresponding to the electron
state. This formula simplifies the calculation of spectral lines, providing a comprehensive approach
to understanding atomic transitions in various elements.

The Rydberg formula is expressed as follows:
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In the annals of physics, the Rydberg formula is adorned with certain symbols and parameters, each
carrying a specific significance:

e R = Rydberg constant, a venerable figure at 1.09737 x 10’m™1.

o A = the wavelength of the illuminating light.

e 7 = the illustrious atomic number, serving as an identifier for the atom in question.

e n = an enigmatic integer representing the upper energy level involved in the atomic transition.
e n' = another integer, depicting the lower energy level engaged in the spectral dance.

For the spectral series of single-electron atoms, such as the eminent hydrogen, the atomic number Z
gracefully takes on the regal value of 1. This constellation of symbols and values conspires to
unravel the secrets of atomic spectra in the intricate tapestry of quantum mechanics.

Atomic Spectroscopy

Atomic spectroscopy, a realm of scientific inquiry, delves into the nuanced study of electromagnetic
radiation either absorbed or emitted by atoms. This discipline unfolds through three distinct types
of atomic spectroscopy, each offering a unique lens into the intricate behavior of atoms in the
presence of electromagnetic phenomena.

Atomic Emission Spectroscopy

This encompasses the transfer of energy from a lower energy state, known as the ground state, to a
higher energy state, termed the excited state. The phenomenon of electronic transition serves as a

focal point in the realm of atomic emission, providing a framework for understanding the dynamic

shifts in energy levels within atoms.

Atomic Absorption Spectroscopy

For absorption to occur, there must exist a precise energy differential between the lower and
higher energy states. The fundamental principle of atomic absorption spectroscopy hinges on the
recognition that the liberation of free electrons within an atomizer has the capacity to absorb
radiation at distinct frequencies. This technique facilitates the measurement and quantification of
the absorption exhibited by ground-state atoms in a gaseous state.

Atomic Fluorescence Spectroscopy:

This process amalgamates both atomic emission and atomic absorption, incorporating the radiation
associated with both excitation and de-excitation.
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Uses of Atomic Spectroscopy

e Identification of Metallurgical Materials: This technique is employed to discern and identify the
specific spectral lines of materials utilized in metallurgical processes.

Pharmaceutical Industry Applications: In pharmaceutical industries, atomic spectroscopy serves
the purpose of detecting minute traces of materials used in various pharmaceutical formulations.

Study of Multidimensional Elements: Atomic spectroscopy proves valuable in the examination
and analysis of elements that exhibit multidimensional characteristics.

Tool for Atomic and Molecular Structure Studies: This method functions as a crucial tool for
investigating and understanding the intricate structures of both Atoms and molecules.

o Analytical Method for Unknown Compositions: Atomic spectroscopy provides a meticulous and
precise analytical method for determining the constituents present in materials with an unknown
chemical composition.

Occupational and Environmental Monitoring: It finds application in monitoring occupational and
environmental conditions, contributing to the assessment and control of various factors in these
contexts.

Example.

In the scenario where an Electron is elevated to the fourth orbit, resulting in subsequent
transitions back to lower Energy levels, the outcome is the generation of a Spectrum. This
process yields a total number of distinct spectral lines. The inquiry pertains to determining
the precise count of these spectral lines within the resultant Spectrum.

Solution.

An Electron excites in an Atom to the fourth orbit, n=4.
The total number of spectral lines in the Spectrum is,
nn—1)2=4(4—-1)2=4x%x32=6

When Atoms undergo excitation, they emit light at specific wavelengths, resulting in the
production of distinct colors. This emitted light is observed as a series of colored lines
separated by dark spaces, and this series is referred to as the line spectrum of atomic
spectra. Each element produces a unique set of spectral lines, contributing to its
characteristic line spectrum. In contrast, a rainbow is an example of a continuous spectrum,
displaying a seamless transition of colors without distinct lines. The line spectrum provides
a signature pattern for each element, enabling scientists to identify and study the
composition of materials based on the wavelengths of emitted light.
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