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LTF Activity: Eject! Eject!

Examining Electron Energies

n electron can absorb the energy from a photon of light bombarding an
atom. If substantial enough, the increase in energy contributes 1o the
- following:

+ Increasing the potential energy of the electron to zero. thereby ejecting it,
This is symbolized as the change in potential energy, Al

+ Providing the electron with kinetic energy (KE) so it can zoom off once free
from the attractive force of the nucieus. '

Mathematicaily, the energy of a photon is given as Av, where /4 is Plank’s constant
and v is the photon’s frequency. Therefore,

h'v = AUE + I<Eciectron (Eq . I )

The analysis of electron energies for an atom via this principle is called
photoelectron emission spectroscopy (PES).

Let’s break that down: A “photoelectron” is an electron that has absorbed the
energy from a photon. “Emission spectroscopy” just means that there will be a
range, or spectrum, of energies from the emitted photoelectrons. Because only
one frequency of photon is used for analysis, electrons with different potential
energies in the atom escape with different velocities according to their kinetic
energy.

Although a detector is directly measuring the kinetic energy of the photeelectrons.

simple algebra allows us to easily plot the AUE. Figure | shows the spectrum that
resulted from the PES analysis of a hydrogen atom,
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PRE-LAB EXERCISES

1. The electrostatic potential energy, Us, of the electron bound to the nucleus
of a hydrogen atom is approximately —1310 kI/mol. Carefully consider the
units of the axis shown in Figure 2.

a. Draw and label a solid line representing the potential energy of the
hydrogen electron.

b. Draw and label a dashed line representing the potential energy the electron
would have if it were completely ejected from the atom such that the
distance between the nucleus and the electron was effectively infinity.

¢. Draw an arrow pointing from the potential energy of the bound electron to
the potential energy of the ejected electron.

d. Label the change in energy, AU, on your diagram with the appropriate
sign, magnitude, and units.
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Figure 2. Electrostatic
potential energy
for electron, U
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PRE-LAB EXERCISES (CONTINUED)

2. Go to http://phet.colorada.edu/en/simutation/photoelectric and run the PhET
simulation for the photoelectric effect. Select sodium as the element and
select the graph of “electron energy versus light frequency.”

Play with the sliders for intensity and type of light. Remember that IR light is

low frequency whereas UV light is high frequency.

a. Based on the graph, state the effect of light intensity on the Kinetic energy
of the ejected electrons.

b. Based on the graph, state the effect of light frequency on the kinetic energy
of the ejected electrons.

¢. What might account for why not all electrons have the same velocity at the
same conditions of intensity and photon wavelength?
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PRE-LAB EXERCISES (CONTINUED)

Figure 3. Photons
incident on two
elsctrons

electron A electron B

3. In the diagram shown in Figure 3, if the two electrons are bombarded with
the same wavelength of light, justify which electron:

a. Has the greater initial Uy

b. Will experience the greater AU

c. Will have the greater escape velocity
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PRE-LAB EXERCISES (CONTINUED)

o

4. Based on your answers provided in Question 3, state the relationship that
exists between an electron’s Ug and the AUz required to eject it.

5. According to the background information:

a. Rearrange Equation 1 to solve for AUg.

b. Circle the term in your equation that is constant for every photoelectron.

¢. Write your interpretation of the graph in Figure 1 based on your
understanding of the axes titles and values.
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PRE-LAB EXERCISES (CONTINUED)

. : Figure 4. PES
Helium spectrum for helium
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6. Based on the spectrum for helium shown in Figure 4, which model shown
best represents the electron arrangement for helium? Justify your choice and
state why the graph does not support the other two incorrect models.

7. Compare and contrast the spectra for hydrogen and helium. What differences
in the atomic structure of hydrogen and helium can account for why the
values for hydrogen and helium are not the same?
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Figure 5. PES specira
for hydrogen and helium
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Use the graph showing peaks for hydrogen and helium in Figure 5 o answer

the following:

a. On the graph, predict and draw the expected peak for lithium.

b. Compare your prediction to the actual lithium spectrum shown by vour
teacher. State the aspects of lithium’s spectrum that you got correct and
which needed improvement,

¢. What does the analysis of lithium’s spectrum help us understand about
electrons in the atom that we did not see from hydrogen or helium?
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i~ PROCEDURE (CONTINUED)

2, Your teacher has provided you with a laminated copy of a blank PES
spectrum. Pay special attention to the units and scale of each axis.

a. As your teacher displays the spectrum for lithium, predict and draw the
spectrum for beryllium on your blank graph using an erasable marker.

b. Compare your prediction to the actual spectrum for beryllium now
displayed by your teacher, State the aspects of beryllium’s spectrum that
you got correct and which needed improvement.

3. On your laminated copy of a blank PES spectrum:

a. Predict and draw the spectrum you would expect for boron.

b. Compare your prediction to the actual spectrum for beron now displayed
by vour teacher, State the aspects of boron’s spectrum that you got correct
and which needed improvement.

¢. What does the analysis of boron’s spectrum help us understand about
electrons in the atom that we did not see from analyzing the first four
elements?
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( | PROCEDURE (CONTINUED)

Yousr feacher will now show you the PES data for elements with atomic numbers
6 thiqugh 20. You may still be asked to make predictions on your blank spectrum,
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PROCEDURE (CONTINUED)

4, Consider the PES spectrum for calcium.

a. How many energy levels do you observe?

b. On the back of your laminated copy of a blank PES spectrum is an energy | HPES - DA B permire
axis. Use a marker to draw and label horizontal lines representing the ' Thece eﬁé PRota,

approximate average potential energy for eiectrons in cach energy level.

Which energy level has electrons with the greatest potential energy?
Which energy level has electrons with the least potential energy?

¢. Write a conclusion statement about energy levels in an afom based on your
graph.

3. Consider the patterns you have seen in the PES spectra for the first
20 elements.

a. How do you expect the spectrum for scandium to be different than
calcium? Explain.

b. Compare your prediction to the actual spectrum for scandium now
displayed by your teacher. State the aspects of scandium’s spectrum that
you got correct and which needed improvement.

c. What does the analysis of scandium’s spectrum help us understand
about electrons in the atom that we did not see from analyzing the first
20 elements?
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CONCLUSION QUESTIONS

1.

Table T. Configuration Coding’

:‘L-,_Elré:fc:tién Configuration

He

Li

152281

Be

Ne

Na

Mg

Al

Si

Cl

Ar

Ca

Sc

Copvrigt..

~nai Math + Science Initiative, Dallas, Texas. All rights reserved. Visit us onling 8t www . nms org



CONCLUSION QUESTIONS (CONTINUED)

2. Asyou found, the energy of the 3¢ sublevel, or subshell, is very close in
energy to the 4s sublevel. The same phenomenon is noted in higher energy
shells. This can sometimes lead to transition metal efectron configurations
that are different from what we can predict, as electrons are arranged to
minimize electron repulsion and maximize attraction.

Look at your electron configurations and the periodic table. To the best of
your ability, predict configurations for the following atoms:

a. Cr

b. Zn

¢c. Ga

d. Kr

3. When atoms become cations, they always lose electrans with the greatest
potential energy. Based on the PES data for scandium, write the electron
configuration for the following ions:

a. Sct*

b, Sc?

c.Sc¥

4, When atoms become anions, they add electrons that have the greatest
potential energy, To the best of your ability, predict configurations for the
following ions:

a. N+

b. CI”

c. O
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{ / CONCLUSION QUESTIONS (CONTINUED)

5. The first ionization energy is defined as the least amount of energy required
to remove an electron from an atom in the gaseous phase.

a. Look at the PES spectrum for chlorine shown in Figure 6. Circle the peak
that contains the first electron that would be removed from the atom and
state the ionization energy in units of kJ/mol.
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b. Look at the graph shown in Figure 7. Describe the general trend for first
' ionization energies as you move from left to right across the period, and
note any exception(s) to the trend.
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Figure 6. PES
spectrum for chlorine

Figure 7. Electrons
with greatest U,
lithium to neon
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[ CONCLUSION QUESTIONS (CONTINUED)

6. Propose an explanation that would account for the general trend in first
ionization energies across a period. Consider what you know about
Coulomb’s law.

7. Once the first electron has been removed (first ionization energy), other
electrons in the valence shell move in closer to the nucleus as a result of the-
increased proton to electron ratio. According to this information, predict
whether an atom’s second ionization energy is greater than, less than, or
equal to its first ionization energy.
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