THE ENERGY LEVELS OF ELECTRONS

Learning Objective

1. What happens to the magnitude/af r is increased?

Model 1: Electron Energy

For an atom, such as hydrogen, with one electrbitimg around a nucleus with chargethe energy of the
electron is given by the equation below:
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E,= —(2.18 x 10" N
wheren =1, 2, 3, 4.... The different valuesro€orrespond to thallowed energies that the electron can have.
These energies are called “energy levels”. The sdweergy level has= 1 and is called the ‘ground state’. All
other energy levels are called ‘excited statesé average size of the electron’s orbit is alsoradied by the

value ofn;
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raveragez (0529 X 160 m) 7

Critical thinking questions

1. The hydrogen atom has atomic number 1. Using the equations above for the energyasetdage
radius of electron’s orbit, complete the table befor hydrogen.

n En (9) I'average(M)

1 -218 x 10°° 0.529 x 10°

2 -54.5 x 107 2.12 x 10°

3 -24.2 x 10°°

4

5

6

7
2. Describen words what happens to the energy levels and the aveiag®f the orbit as increases.
3. What do you predict happens to the energy abid @i the electron when becomes very large?

Model 2: Atomic Spectroscopy

When an electron in a hydrogen atom moves frompgemenergy level to a lower energy level, it losesrgy
and a photon is produced. The enefgydf the photon is equal to tligfference in energy between the two
levels. The wavelengthl) of the photon can be calculated from this enegigg:

A=hc/E



wherec is the speed of light (2.998 xIm $%) andh is Planck’s constant (6.626 x 300 s). The picture
below shows the emission spectrum of the hydrog@am & the ultraviolet region. The wavelength in im
plotted on thex axis and the intensity of the light emitted (thember of photons per second) is plotted onythe
axis. The spectrum shows a series of bands cédléddytnan series. They are produced by the electron moving
from excited states (higmvalues) to the ground state< 1).

For example, if an electron moves froms 2 ton = 1, the energy of the photon produced is equdido
difference in the energies of these two levelsnitoe table in question 1, this is equal to:

AE = E (upper) E (lower) =E, - 2—E, - 1= [(-54.5 x 1G% — (-218 x 1G%9] J = 1.635 x 18°J
A photon with this energy will have wavelength:
A=hc/E=(6.626 x 16*J s) x (2.998 x ¥dnm s%) / (1.635 x 13%J) = 121 nm

There is a peak at 121 nm in the spectrum belowtl@adhas been labelleth’=2 > 1” to show it corresponds
to the transition betweem= 2 andn = 1.
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Critical thinking questions
4. Using your answers to question 1, completedbtbelow showing the energy and the wavelength of

the photon that is emitted when an electron moras fin excited level into the= 1 level.

n (upper) E (upper) n(lower) | E(lower) | AE =E (upper) -E (lower) (in J) A (in nm)
2 -54.5 x 10°° 1 -218 x 10°° 1.635 x 10° 121
3 1
4 1
5 1
6 1
7 1

5. Above each peak in the spectrum, add labelsisigomhat transitions the peaks correspond to.



