
Luminescence is the production of light by a substance, without being heated. There are various 
luminescence pathways such as radio-luminescence, bio-luminescence, tribo-luminescence and 
others. In this snippet the focus will be on photoluminescence. 
 
Background  
 
Photoluminescence is the production of light using high energy 
photons.  With photons being light particles, this means we can 
produce light by stimulating a compound with light particles!   
 
Fluorescence & phosphorescence are the easiest examples of this 
phenomenon, to demonstrate in the classroom. In the excitation 
process an atom absorbs a photon (light particle), bumps an outer 
orbital electron to a higher energy level and then, when the electron 
returns to its original (ground) state, it radiates a photon (light). In 
fluorescence the period between absorption and radiation is typically 
extremely short, in the order of 10 nanoseconds. Therefor emission is 
almost immediately. 
In phosphorescence there is a delayed emission of light, between 
50 nanoseconds to minutes and even hours.  This produces the well-known “after-glow” effect.  

Photoluminescent materials are activated by 
exposure to higher energy light photons such as UV light 
which is found in varying degrees of intensity in sources 
such as sunlight and incandescent lighting.  

For many years zinc sulphide was the only 
photoluminescent material in use. Its major drawback 
being a much shorter after-glow period and deterioration 
by UV radiation. Strontium oxide aluminate, another 
effective photo luminescent compound, produces bright 
after-glow effects but is expensive. Modern 
photoluminescent pigments are designed for a wide 
range of applications and slower rates of after-glow 
decay in coatings and plastics (12 hrs plus). These newly 
developed compounds are crystals of the aluminate-
silicate family doped with rare-earth elements.  

German scientist, Max Planck, won the Nobel Prize in Physics in 1918 for his discovery of the energy 
quanta and determined the relationship between the photon energy of light and its frequency, as:  

E = hƒ 
   

where E is the photon energy associated with the light source  
h is the Planck constant, ƒ the frequency and ƒ = c/ℷ with c the speed of light in a vacuum. 

Applying Planck’s equation one can indicate that UV light at 380nm has twice as much energy as red 
light at 630 nm. Thus, high-frequency electromagnetic waves have a short wavelength and high 
photon energy; low-frequency waves have a longer wavelength and lower photon energy.  
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This correlates with the photoelectric effect postulated by Albert Einstein that states that electrons 
can be liberated from a substance exposed to electromagnetic radiation matching the appropriate 
threshold energy levels. The kinetic energy of the electrons emitted, is related to the frequency of 
the radiation.  

Although no free electrons are emitted from phosphorescent material radiated by light, the material 
gives a clear indication of the energy associated with the radiation source. Light sources with higher 
energy levels will excite the screen visibly longer and with a more intense after-glow than lower 
energy sources. These observations confirm the particle properties of light. 

 
Prepare a photoluminescent screen (phosphorescent screen) 

If you do not have a photoluminescent screen, then you can easily prepare one. 

Required  
Photo-luminescent pigment (Found at novelty or party shops as “glow-in-dark face paint”)  
Sturdy cardboard or hardboard sheet  
Wood glue (PVA or other)  
Lab scale  
Containers for mixing  
Wooden stick  

Safety  
If you use aluminate-silicate pigment, it is classified a non-hazardous chemical and contains tiny 
particles that may cause mechanical eye irritation. Avoid eye exposure or the breathing of the dust. 
Use exhaust ventilation and wear proper protection when handling. 

The procedure 

Prepare photoluminescent paint with the following 
composition:  
 
PVA Glue    75%  
Luminescent pigment  25%  

Coverage: 15g of the paint provides an even, thick coating of 
a 100 cm2 surface area. Spread the paint evenly across the 
cardboard surface with the stick. A thicker spread will 
provide a better after-glow effect. Leave to dry overnight. 

Demonstration 

You will require sources of coloured & UV light.  Fortunately, there are many types of coloured LED 
lights and UV torches available through online suppliers.  

1. Fluorescence:  Show that emission is only possible while excitation lasts 
In a darkened room expose various objects that contain fluorescent pigments to a UV source: 
certain bank notes; tonic water; minerals and rocks; glow-germ (a chemical used in the 
hospitality industry to teach hygienic practices); party objects such as wands, paint, masks and 
bright plastic objects. 
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2. Phosphorescence: Show that emission lasts well beyond excitation  
Ask students: “Which colour in the rainbow has the most energy and can therefore cause the 
most damage to human skin?”  I am sure you will get all the colours in the rainbow as answers! 
In a darkened room, expose the phosphorescent screen to various light sources such as micro 
lights, white light, coloured LED lights, red, green and UV lasers, toy shop spy pens, UV torches, 
etc.  The three coloured lasers (red, green & UV) will produce a surprising effect in your 
classroom. Most students perceive a red laser as “powerful” and therefore will be surprised that it 
does not produce a visible glow! In luminescence it is all about the photon energy! 

3. This demonstration is a winner! Cover the screen with an open hand and expose it for a few 
seconds to a UV source. Remove the hand and show the ‘etched’ image on the screen.  

Happy teaching! 

Carl
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