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Colour Diagrams: Emission and Absorption Spectra*

Colour Spectrum and White Light

Emission spectrum of Iron (Fe)
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Emission spectrum of Hydrogen (H)
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Absorption Spectrum
(Source: Wikimedia Commons)

* Refer to pages 144, 145 and 146























































































































































































































































































































































































































































































































































































All images on
pages 144,145
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Unit

Emission and
absorption spectra

Summary

When a light ray passes from one optical medium to another, the ray is
refracted and its speed and direction change.

The pattern which forms when a ray of light is broken up into its component
frequencies is called a spectrum. The light is broken up by the individual
rays of different frequencies being refracted or having their path “bent”

as they go through optical (transparent) media of different optical density
(different degrees of transparency/light conductivity).

Spectra can be observed with a diffraction grating, a spectroscope or a
prism, or in a rainbow after a storm.

(Source: http://en.wikipedia.org/wiki/Prism)

10.1 Continuous emission spectra

The spectrum produced when white light passes through a prism is called a
continuous spectrum.

The spectrum emitted by the sun is a continuous emission spectrum.

The colours in the spectrum follow on each other without any gaps between
them. A familiar example of a spectrum is a rainbow that one sees after a
thunderstorm.
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10.2 Atomic emission spectra

e Atomic emission spectra are produced when a gas is heated or by
passing an electric current through it in a gas discharge tube.

* The electrons in the atoms of the gas absorb the energy and become
excited and move to a higher (excited) energy level. This high energy
state is unstable.

* When excited electrons return to the ground state or a lower energy
level, the energy is released in specific energy packets called
“photons”, or light particles.

e The gas becomes incandescent (glowing).

e The energy of the emitted photon equals the energy difference
between the two energy levels. The energy of light is directly
proportional to its frequency and the frequency of light determines
its colour.

¢ Only the frequencies (colours) of light that are in the visible range,
that are emitted by the atoms, are seen by the eye. Colours out of
the visible range, such as ultraviolet and infrared are not seen. The
range of frequencies emitted by a particular substance are called
a line emission spectrum as most substances do not emit the full
spectrum; instead, they emit a particular pattern of frequencies.

* The atoms of each element have a unique set of energy levels, so the
line emission spectrum is a set of discrete coloured lines with dark
spaces in between where those frequencies are not being emitted.

e The line emission spectrum for each element is unique to that
element, and can be used to identify that element. For example,
amber street lamps have a sodium lamp in them, and thus produce
an amber light, as sodium emits primarily in the yellow band.
Likewise, fireworks’ colours are determined by the chemicals used in
them. So, for example, bright red is produced by strontium (Sr), blue-
green by copper (Cu), and so on.

e Scientists are able to tell what elements are present on distant
planets and stars by projecting their light through a prism and
capturing the line emission spectrum.

Emission spectrum of Iron (Fe)

Viclet Indige Blue Cyan  Green Yellow Orange Red

Violet Blue Cyan Red

Emission spectrum of Hydrogen (H)
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< A
DEFINITIONS

discrete: clear and individual,
separate

incandescent: glowing

ground state: lowest stable
energy state

excited state: high and

unstable energy state

10.3 Atomic absorption spectra

An atomic absorption spectrum is a continuous spectrum where certain
colours or frequencies are missing. These frequencies appear as dark
lines in the spectrum. The region A-B in the diagram below is Infrared. The
region B-C and part way to D is red. The region C-D is orange. The region
D-E is green. The region E-F is cyan/light blue. The region around F is blue.
The region F-G is indigo, and G-H violet. The region KH is ultraviolet.
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(Source: Wikimedia Commons)

You must remember:

e Atomic absorption spectra are produced when light passes through a
cold gas.

* The electrons in the atoms of the gas absorb energy from the light
and become excited and move to a higher (excited) energy level.

* The energy of the absorbed light energy equals the energy difference
between the two energy levels.

* The energy of light is directly proportional to its frequency and the
frequency of light determines its colour.

e The light that has not been absorbed by the gas, reaches the eye and
therefore shows the range of frequencies in the atomic absorption
spectrum.

* The atoms of each element have a unique set of energy levels, so
the atomic absorption spectrum is a continuous spectrum with
a few black lines. These lines represent the colours (and hence
frequencies) of the light that were absorbed by the gas atoms’
electrons.

e The atomic absorption spectrum for each element is unique to that
element, and can be used to identify that element.

* The dark lines represent the same frequencies of light that are
emitted in the same element’s atomic emission spectrum. If an
atomic emission spectrum and an atomic absorption spectrum are
combined for a specific element, we see a continuous spectrum.
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Q Activity 1
—

1. What is the approximate wavelength range of visible light? (2)
2. Name five wavelength ranges and their uses. (5)
3. How can a scientist tell what elements are present on a star? (3)
4. What is the approximate wavelength of red light? And violet? (2)
5. What does the wavelength of UV tell you about its energy levels? (2)
6. Does microwave radiation or gamma radiation have more energy
per photon? (1)
7. Give one example of a colour in fireworks achieved through
emission spectra. (1)
[16]
Solutions
1. 400 nm (V) to 700 nm (V') (One mark per correct value) (2)

2. \Visbile light: to see (v); Xrays: to inspect bones without surgery
(v); Gamma rays: to kill bacteria (v); UV: suntanning (v), helps
bees navigate (v'), powers photosynthesis (v'); Infrared: night
vision (v'), heat radiation (v'), some lasers (v'); Microwaves:
telecommunications (v), radar (v'), ovens (v'); Radio waves:
telecommunications (v/). (any b) (5)

3. She can project the light from the star through a spectroscope
(v") which splits it into its components (v'). She can then
compare the spectrum to known emission spectra of known

elements (V). (3)
4. Any value 700-600 nm (V) (it's continuous); Any value near

400-450 nm (V). (2)
5. UV has a short wavelength (v') which means that it has

high (v') energy levels. (2)
6. Gamma. (V) (1)

7. Cu/ Copper: blue / green / cyan / blue-green / turquoise (v');
Strontium / Lithium: Red (v); Iron / Sodium / Calcium / Na / Fe /
Ca: orange / yellow (v'); Magnesium / Mg / Aluminium / A{: White
(v'); Potassium/K: lilac / violet (v'); Green: Barium / Ba (V) (light
green), possibly Copper / Cu (darker green) (V). (any one) (1)
[16]

Well done!
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