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Ruby, you thrill me so!

Dan Boye, 
Physics Department, Davidson College

with help(!) from Ethan Cramer ’23

• Implemented in Modern Physics (PHY320) lab as “next experiment” beyond gaseous discharge tubes 
and line spectra.

• What happens to energy levels when atoms (ions) are exposed to an external electric field (Stark 
effect)?

• What happens to electron orbitals (probability clouds) when ion is placed among other, different 
regularly spaced charged ions?

• What happens when an excited ion with its probability cloud relaxes to a lower energy, differently-
shaped probability cloud?



What’s in a name?

Corundum (Al2O3) alumina, aluminum oxide

Dirty Corundum

Ruby (Cr3+:Al2O3)

Sapphire (iron, titanium, vanadium, magnesium)

Pink Sapphire vs Ruby (same thing, Cr concentration, other 
impurities)

Ti-sapphire 

Ref 1 & 2 Ref 1 & 2



Equipment:
• tungsten halogen lamp
• (flashlight)
• USB/fiber optic spectrometer
• 1cm cube ruby sample

2E

4T1
2T2

2T2

Interaction of light with matter - RATS (Reflection, Absorption, Transmission, Scattering) 



Cr3+ has an electronic 3d3 configuration

The free ion ground state of the electronic 
configuration is a 4F state.

Under the influence of an octahedral electric field the ground 
state splits to three energy sublevels (4A2,4T1,4T2).

2E level is the lowest energy excited state. 

The 4A2 -> 4T1 and 4A2 -> 4T2 absorptions are broad band.

Ref 1 & 2



Cr3+ in different crystal fields

Ref 1 & 2
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Temperature dependence

• line shift
• electron and lattice vibration coupling
• phonons
• phonon “sidebands”
• vibronics

Scattering (fluorescence)

• Elastic or inelastic?
• Why isn’t an ion in a crystal a sharp single line?

• sample – Edmund Optics ruby ball lens (~1-2% Cr3+)
• excite with 405nm laser pointer or diode laser



Equipment:

• pulsed diode laser
• digital oscilloscope
• photodiode or PMT

Lifetimes of Ruby and Alexandrite



Making nanorubies: recipe

*Entire process takes ~45 minutes



Concentration dependence

Lower energy components due to 
Cr3+ pairs and complexes coupled 
through spin-spin type exchange
interactions

See Ref 3.



Y-axis data taken as the natural log of the exponential decay fits of the 
decay data 

Nanoruby lifetimes

Probability of energy transfer 
between Cr3+ ions depends upon 
dipole-dipole interaction (1/r3).

See Ref 3.



Alumina crucible fluorescence
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Webpages with applicable material

Optical spectroscopy in ruby and hydrogen AAPT advlab Alpha Immersions wiki

A Low-Cost Time-Resolved Spectrometer for the Study of Ruby Emission, G.C. McBane, C. 
Cannella, and S. Schaertel, J. Chem. Educ. 2018, 95, 1, 173–177.

Spectroscopy of Ruby, D. Heiman, Northeastern U.

https://advlabs.aapt.org/wiki/Optical_Spectroscopy_in_Ruby_and_Hydrogen
https://pubs.acs.org/doi/10.1021/acs.jchemed.7b00438
http://northeastern.edu/heiman/3600/RUBY.pdf

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Alumina crucible fluorescence
	References:

