Atomic Emission Spectra

What is light’s fingerprint?
Click to begin!
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Each element gives off a characteristic color of light when burned.

For a long time, scientists tried to explain the behavior of light by
assuming that light consists of particles.

By the early 1900s, however, there was enough evidence to
convince scientists that light consists of waves.




According to the wave model, light consists of electromagnetic waves.

Electromagnetic radiation includes radio waves, microwaves, infrared
waves, visible light, ultra violet waves, X-rays, and gamma rays.

The electromagnetic spectrum consists of radiation over a broad range of wavelengths.
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The sun emits white light. If this light is passed through
a prism, the different wavelengths of the white light
separate out into a spectrum of colors.
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A rainbow is an example of this
phenomenon. Each tiny droplet of water in
the air acts as a prism.




When atoms absorb energy, their electrons move to higher energy levels. These
electrons lose energy by emitting light when they return to lower energy levels.
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The spectrum of white light consists of all wavelengths;

While the light given off by the helium lamp only contains wavelengths that match the energy
given off by the helium atom’s electrons as they move between energy levels.

)»
- Screen

Screen

Light Slit Prism :
bulb Helium
lamp

Slit Prism

than the spectrum formed by a white light bulb?

Why is the spectrum formed by a helium lamp different Click to
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The atomic emission spectrum is the “fingerprint” of light given
off by an atom when it absorbs energy.
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Can you identify the element(s) present in the unknown?
Justify your answer and explain how you came to it.
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In order to explain the atomic emission spectra of different elements, a scientist named Niels
Bohr turned his focus onto studying the hydrogen atom. He choose hydrogen because it was the

simplest system he could study: an atom with only one proton and one electron.
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Bohr proposed a model for the
hydrogen atom that included
several energy levels, any of which
could be occupied by hydrogen’s
one electron.

Bohr Model




The Basics of Bohr

1. The atom has a tiny, dense, and positive nucleus.

2. Energy levels exist at set distances from the nucleus, each
representing a specific amount of energy. These energy levels are

_ numbered.
energy since

they are in the

3. An electron’s energy is equal to it’s energy level.

4. The farther away an energy level is from the nucleus,
the higher it’s energy.

5. An electron cannot exist floating between energy
levels.




The lowest energy is called the
ground state.

Because it has the least
amount of energy, the
ground state is the most
stable.

Click on the electron in the ground
state.



Wrong!

e Remember: the ground state is the least
energetic state that the electron can have.




Correct!

* The energy levels in an atom are
like :

* The energy level closest to the
nucleus has the lowest energy.

* Energyis needed to “pull” the
negative electron away from the
positive nucleus.

* The farther the electron is pulled,
the more energy is required, so
energy levels farther away have
higher energies.




When an atom absorbs energy, its

electrons will “jump up” in energy

level. This is called the excited
state.

The electron

absorbs And “jumps
energy. . up” to a
higher

energy level.

The electron
iSs now in an
excited state.




The excited state is high energy,
making it very unstable.

To regain it’s stability, the
electron will reemit the energy
it has absorbed, moving to a
lower energy level.

The electron
remits the extra

Allowing it to energy it absorbed

“relax” down
to a lower
ergy level.




How does this explain the atomic emission spectrum?

Frequency Lyman series Balmer series Paschen series

Depending on how many “']“;T.f:l |||||rrv=:w|-._|Pr] |v| |L:|F=| [|r‘|Frurr.:.-._|]- o

energy levels the electron
N I I

different amounts of energy.

Complete
These energy changes correspond to atomic emission

the frequencies shown on the atomic sieztrum of
.. ydrogen
emission spectra.

/Only certain frequencies are visible to
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Visible Emission Spectrum of Hydrogen

The energy given off by each energy change matches
exactly to the frequencies found on the emission
spectrum for hydrogen.

See how they match?

There are other energy changes as well, but they are
not visible to the naked eye. These include ultra violet
(UV rays) and infrared (heat).

21
)
Q
RS
>
(1)
| -
=
oD




What does this look like to a human eye?

This is the spectrum given off by a copper atom. Your eyes see a combination of the
Absorption spectrum individual emission lines, and the

! _-]ll-l- | light given off appears blue green.

Emission spectrum
The spectrum shows the energy
absorbed and released by each electron
transition within the visible range.

The human eye can’t distinguish the light
given off as individual wavelengths, but
rather sees all of the transitions at once.




What is a flame test?

In a flame test, an element is
burned in the flame of a
Bunsen burner.

The flame supplies energy to the
electrons of the atoms, causing
them to jump up in energy level to
an excited state.

As the electrons relax back down to
the ground state, that energy is
emitted as photons. Some of these
transitions are visible to the human
eye, giving off unique colors for
each element.

First, you will observe the color of the flame
for several metal cations.

Then, you will be given two unknowns; you
must identify them by comparing the color of
their flames to the ones your have already
observed.




Flame Test Pre-Lab

e Watch the

* |n your groups, write the purpose, procedure
(Step by step, numbered; spare no details!),
and materials needed for the lab.

* NOTE: We will not do it exactly like in the
video. Observe the materials we will use and
adjust your procedure accordingly.


https://www.youtube.com/watch?v=-F_0zixSSMw

