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Elements with Light
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Spectroscopyv: A New Science

In the mid-19th century, a collaboration
petween a chemist, Robert Bunsen, and a
ohysicist, Gustav Kirchhoff, at the University of
Heidelberg led to a revolution in how we see
matter. They established the fundamental
principles of spectroscopy, creating a new
scientific field that would forever change
chemistry and astronomy. (Science History
Institute, 2017) Their work proved that every
element, when heated, emits and absorbs light at
unigue, characteristic wavelengths, acting as a
permanent "fingerprint.”

Pictured: Robert Bunsen on the right and Gustav
Kirchoff on the left. (Linda Hall Library, 2022)

Historical Context of
Spectroscopy

The journey to their discovery was built upon the work of others:

« 1666: Isaac Newton demonstrated that white light could be dispersed into a continuous
spectrum of colors using a prism. (Newton, 1704)

« 1802/1814: William Hyde Wollaston and Joseph von Fraunhofer independently observed
dark lines in the solar spectrum (Fraunhofer lines). Fraunhofer meticulously mapped
these lines and proposed they were inherent to sunlight.

« 1850s: Robert Bunsen perfected a new burner that produced a clean, hot, non-luminous
flame, ideal for heating chemical samples without the flame's light interfering. (Alignent,

2018)
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Experiment: Emission Spectroscopy

Bunsen and Kirchhoff's 1859 experiment revolutionized chemical analysis through their precision
spectroscope. Each component served a critical function:

- Bunsen Burner: Created a non-luminous, high-temperature flame that eliminated interference from soot or
colored combustion

- Sample Introduction: Platinum wire loops held purified metallic salts (NaCl, Li,COs) in the flame's hottest
region

- Optical System: A collimating lens captured emitted light into parallel rays, while a prism dispersed these
into constituent wavelengths

- Detection: A telescopic viewer magnified the spectrum, revealing fine details invisible to the naked eye
The breakthrough came when viewing elements through the telescope: instead of blended colors, they
observed discrete spectral lines at precise positions. Sodium emitted two bright yellow lines; lithium showed
a crimson line; strontium produced multiple red lines. These patterns remained consistent regardless of the
chemical compound used, proving they were fundamental atomic properties rather than general flame
colors. This established that each element has a unique spectral "fingerprint,” creating the foundation for
modern spectroscopic analysis (Linda Hall Library; Agilent, 2018, p. 8).

Kirchhoff and Bunsen
“passed a light beam
The apparatus through the heated
metallic salt and obtained
Fraunhofer absorption
lines” (Agilnet, 2018)

used by Bunsen
and Kirchhoff to
observe emission
spectra

Validation through Absorption
Spectroscopy

Building upon their emission spectroscopy results, Kirchhoff recognized the
profound implication for astrophysical observations. He hypothesized that
the dark Fraunhofer lines in the solar spectrum represented the inverse of
their laboratory emission spectra. To test this, they designed a critical
validation experiment: passing continuous-spectrum light from a calibrated
source through cooler vaporized elemental samples. (Kirchhoff & Bunsen,
1860) The experimental results confirmed Kirchhoff's theoretical prediction.
The cooler elemental vapors selectively absorbed radiation at precisely the
same wavelengths they emitted when excited thermally. This quantitative
demonstration of spectral inversion provided the first laboratory evidence
explaining Fraunhofer's astronomical observations. More significantly, it
established the fundamental principle that absorption and emission spectra
represent complementary manifestations of the same quantum mechanical
transitions within atomic structures (Agilent, 2018, p. 9).

This work formalized Kirchhotff's Laws of Spectroscopy, creating the
theoretical framework that directly enabled the determination of stellar
compositions and laid the groundwork for modern spectroscopic analysis
across the electromagnetic spectrum.
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Before Bunsen and Kirchhoff, colored flames were seen as a general,
qualitative property. Their genius was in moving from observing the
color to analyzing the spectrum, a fundamental shift from chemistry to
physics.

This breakthrough was guided by Kirchhoff's Laws of Spectroscopy,
which connected all spectral phenomena:

1.A hot, dense object (like a solid) produces a continuous spectrum (a
smooth rainbow).

2.A hot, low-density gas produces an emission-line spectrum (bright
lines on a dark background), which is what they saw from their
heated elements.

3.A continuous source viewed through a cool gas produces an
absorption-line spectrum (dark lines on a rainbow), explaining the
Fraunhofer lines in sunlight.

The profound implication was that an element absorbs and emits light
at the exact same wavelengths. This proved that spectral lines were an
immutable, intrinsic property of the atom itself—a direct fingerprint of
its internal energy structure. It demonstrated that the elements in the
sun (like sodium, identified by its dark lines) were the same as those on
Earth, founding the science of spectral analysis. (Kirchhoff & Bunsen,
1860)
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Immediate Impact and
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The analytical power of spectroscopy was proven through the discovery of new elements.
By examining mineral samples, Bunsen and Kirchhoff identified unique spectral signatures

unmatched by known elements:

. Cesium (Cs): Isolated in 1860 from mineral water, identified by two distinctive blue
spectral lines. Named from caesius (Latin for "sky blue").

- Rubidium (Rb): Discovered in 1861 in lepidolite, recognized by its sharp red spectral lines.
Named from rubidus (Latin for "deep red"). (Roscoe, 1873)

These discoveries demonstrated spectroscopy's superior sensitivity for elemental
detection at minimal concentrations. The method proved capable of revealing new
elements through their unigue electromagnetic signatures, establishing atomic
spectroscopy as an essential analytical technique

The Bunsen-Kirchhoff experiment is a
cornerstone of modern science. Its legacy
includes:

« Astrophysics: For the first time,
scientists could determine the chemical
composition of the sun and other stars,
founding the field of astrophysics.
Analytical Chemistry: Spectroscopy
became a fundamental tool for
identifying elements and compounds in
countless fields, from environmental
science to forensics.

Quantum Mechanics: The discrete lines
provided the first experimental evidence
for quantized energy levels in atoms,
paving the way for qguantum theory.
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