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PROJECT TITLE

Effect of Light Intensity on the Rate of a Photochemical Reaction

Purpose: To study how light intensity affects the rate of a photochemical reaction.

Procedure: Test tubes of the same photosensitive solution were prepared using Oxalic acid and tincture of iodine. These

test tubes were then covered in aluminum foil so as to not expose the solutions to light until the time of testing. Test tubes
of this solution were exposed to light sources of the same color but having different light output intensities at a distance of
3.5cm. Enough test tubes were prepared to perform three trials for each of the different light sources. The intensity of the
light source measured in lumens and the amount of time elapsed measured in minutes was recorded after the
photochemical reaction reached completion. Data from each set of trials was averaged and also recorded.

Conclusion: The researcher found that the light source with the highest output intensity caused the photochemical reaction

to reach completion earlier than the other experimental groups. The photochemical reaction in question reacts faster when
a light source of higher intensity (lumens) is used to activate it.
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Purpose
To study how light intensity affects the rate of a photochemical reaction.

Hypothesis
If the intensity of light applied to a photosensitive solution increases, the rate of the resulting
photochemical reaction will also increase.
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Review of Literature
Photochemistry takes place all around us in ways most people wouldn’t even
think about. Our lives depend on a photochemical reaction in something people often take for
granted: plants. Green plants photosynthesize in order to create fuel for all living things (Farabee,
2010). Photosynthesis is an example of photochemistry because once plants combine water and
carbon dioxide, they then use the energy from light as the activation energy to react the two
chemicals and produce sugar and oxygen, two vital substances all living things need
(Photosynthesis, 1998). Photochemistry has many more uses in people’s daily lives.
Photochemical reactions occur when photons, small particles of constantly
moving light energy, break a chemical bond (Jones, n.d.). Therefore, the light becomes the
activation energy (Brown, 2010). One photochemical reaction that is very popular during the
summer time is sun tanning. This comes about when skin cells called metanocytes react with the
ultraviolet rays from the sun to create brown pigments in the skin known as a tan (Thompson,
2008). Another common use of photochemistry is picture taking. Although now-a-days most
people use digital cameras, a few film cameras are still around. The 35mm film is the most
commonly used, and the way it works is that when light hits it, a chemical reaction occurs that
creates the negative image seen on a film roll (Blackmon, n.d.). Unfortunately, there are not only
good photochemical reactions, but photochemistry can also have a negative impact. For example,
photochemical smog is when different pollutants react with sunlight to create harmful air
pollution (Harris, n.d.). Photochemical smog, which is usually invisible, is different to normal
smog, which is the fog created by pollution (Smog, 2003). Both kinds of smog can be extremely
damaging to human health and both can be prevented with simple precautions such as limiting
the use of gas-emitting cars. If there is no pollution, then no chemicals can react to the light;
henceforth, the world will slowly be rid of hurtful pollutants.
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Photochemistry is also used by people in order to observe other photochemical
reactions with their sense of sight. Vision is often considered the most important of all our five
senses. People’s eyes use light in order to send an image to their brain. First, the light must pass
through the first layer of the eye: the cornea; then it travels through several other parts of the eye
until it reaches the retina (Bianco, n.d.). Once in the retina, the light causes two cells, called the
rod and cone, to react (Bianco, n.d.). This reaction produces electric charges that are sent to the
brain through the optic nerve, and from there, the brain is able to interpret an image (Bianco,
n.d.). The retina is where the vital photochemical reaction takes place. When there is no light,
people obviously are not able to see because no activation energy is provided to create the
signals that need to be sent to the brain.
The world has many photochemical reactions occurring in the air, in plants, and even in
humans every second. The facts have shown that it is very plausible that lumens will have an
effect on photochemical reactions because light is energy and the lumens in a light bulb are the
amount of that energy being emitted (Lux, Lumen and Watts, 2006). Therefore, the more energy
given out by a light bulb, the more activation energy there will be and the faster a photochemical
reaction will occur. Photochemistry is a branch of science that many scientists have studied in
the past and will continue to study.
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Materials and Variables
Materials:
•

Test tubes

•

Rubber Stopper

•

Aluminum foil

•

250mL beaker

•

10mL graduated cylinder

•

Pipets

•

Plastic spoons

•

Oxalic acid

•

Ammonia

•

Tincture of iodine

•

Distilled water

Variables:
•

Independent- Intensity of the Light Source (lumens)

•

Dependent- Rate of Reaction (minutes)

Constants / Controlled Variables:
•

Brand of the different light sources - Westinghouse Clear Incandescent Light Bulbs

•

Photosensitive solution

•

Distance and proximity from light source

•

Voltage applied to light source

•

Ambient light
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Method of Procedure
1) Mix together 50mL of distilled water, 2 small scoops of oxalic acid, 5mL of ammonia,
and 6mL of iodine in a 250mL beaker.
2) Distribute 4mL of the new solution into 5 different test tubes.
3) Cover the test tubes completely in aluminum foil and place in test tube rack 3.5cm away
from the light bulb.
4) Screw the 230 Lumens light bulb into the light fixture.
5) Turn off all surrounding lights.
6) Unwrap foil from one test tube, insert a rubber stopper in the top, and invert the tube 5
times.
7) Take out the stopper, put the test tube back on the rack, and turn on the light while
starting the timer at the same time.
8) Time how long it takes for the solution to produce a clear liquid.
9) Repeat steps 4-8 with the 455 Lumen, 830 Lumen, 1100 Lumen, and 1630 Lumen light
bulbs.
Test each light bulb three times and then calculate the average results in order to get the final rate
of reaction for each variable.
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Data and Results
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Conclusion
From the data, the researcher concluded that the intensity of light which activates a
photochemical reaction does indeed affect the rate of that reaction. The data clearly illustrates an
inverse relationship between the value of light intensity measured in lumens versus the time
elapsed for the reaction. As the intensity increases, the time taken to react decreases.
Considering rate as a function of time, the data illustrates a direct or positive relationship
between the value of light intensity measured in lumens versus the rate of reaction. As this data
does not mathematically calculate and chart “rate”, the rate of reaction can be inferred as a
measurement of time given the constants present in the experimental groups. One might also
infer based on the data that the relationship of light intensity to rate of reaction is certainly not a
linear one, but more exponential perhaps or even logarithmic.
Further repeated tests are most likely needed when considering the variance of the data
point at 1100 lumens. Interpolation of the data points with exception to the data gathered during
the 1100 lumen trials would most likely yield a more mathematically sound relationship between
the two data sets.
No compensation for the effects of radiated heat from the light source into the
photosensitive solution was made as it was deemed negligible.
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