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How electrons interact in different structures 
 

Overview:  
In this lesson students explore qualitative applications of the 
photoelectron spectrum and how it is correlated using 
Coulomb’s Law. This will be analyzed through the structure of 
atoms and ions.  

Classroom time:  
 
180 minutes (2 class periods) 

Objectives:  
● Apply Coulomb’s law qualitatively to ionization energy and lattice energy. 
● Label the peaks of a photoelectron spectrum and identify the corresponding element. 
● Compare radii and ionization energies of elements given photoelectron spectra.  

Related Next Generation Science Standards (NGSS): 
● HS-PS1-3: Plan and conduct an investigation to gather 

evidence to compare the structure of substances at the 
bulk scale to infer the strength of electrical forces 
between particles.  

● Scientific and Engineering Practices: 
○ Developing and Using Models 
○ Analyzing and Interpreting Data 
○ Planning and Carrying Out Investigations  
○ Engaging in Argument from Evidence 

 
● HS-PS4-3: Evaluate the claims, evidence, and the 

reasoning behind the idea that electromagnetic 
radiation can be described either by a wave model 
or a particle model, and that for some situations one 
model is more useful than the other. 

Materials: 
❖ Move That Magnet Inquiry 

Lab (per lab group) 
❖ Ring Stand 
❖ White Board 
❖ Clamp 
❖ String (30 cm) 
❖ Tape 
❖ Marker 
❖ Ceramic Magnets (2) 

18 mm ceramic ferrite 
magnets  

❖ Neodymium Disc Magnets 
(2) 

❖ Ruler (cm) 
❖ Coulomb’s Law Computer 

Simulation 
❖ Computer or device that 

has access to the internet 
❖ Colored pencils or markers 
❖ Ruler (mm) 

Related North Carolina Standards: 
● Big Idea 1: The chemical elements are fundamental 

building materials of matter, and all matter can be 
understood in terms of arrangements of atoms. These 
atoms retain their identity in chemical reactions. 

Safety: 
 Do not allow Neodymium Disc 
Magnets to snap to each other or 
to any magnetic surface as the 
magnets may pinch fingers, break, 



 

○ 1.8 The student is able to explain the 
distribution of electrons using Coulomb’s law to 
analyze measured energies. 

● Big Idea 2: Chemical and physical properties of 
materials can be explained by the structure and the 
arrangement of atoms, ions, or molecules and the 
forces between them. 

○ 2.14 The student is able to apply Coulomb’s 
law qualitatively (including using 
representations) to describe the interactions of 
ions, and the attractions between ions and 
solvents to explain the factors that contribute to 
the solubility of ionic compounds. 

or shatter. 

Lesson Preparation: 
Demonstrate how to use the simulation, all of the controls, and which particle is the proton and 
electron in front of the class. This will save time in beginning the activity.  

Teacher Instructions: 10 minutes of teacher prep time 

❏ This activity is not written to have students derive the Coulomb’s law equation, but to 
understand how it works.  

❏ Students should have prior experience working with charged particles (static electricity) and 
magnets prior to this activity.  

❏ Students should be set up in groups of 2-4. This activity is ideal for groups of 2.  
❏ Balloons can be used instead of magnets (if need be).  

Assessment: 
-Students should be able to label the peaks of a PES spectrum and identify the corresponding 
element. They can also compare radii and ionization energies of elements given PES spectra. 
-Students should also be able to apply Coulomb’s law qualitatively to ionization energy and lattice 
energy. 

Extensions: 
-- Begin a class discussion where students share out their conclusions and analysis answers. 
Connections can be made between the magnet activity and this simulation. Students can add to their 
conclusion summary after the class discussion. 
--  If students still need more introduction into PES, they can do another interactive simulation here 
PES Introduction Day 2. 
-- If students are extremely comfortable with this topic, they could prepare samples that can be 
analyzed using NCSU XPS  x-ray machine.  

Resources: Lesson was adapted from the American Chemical Society 
St. Mary’s Episcopal School, R. D. (2019, May 17). Introduction to PES. Retrieved July 1, 2019, from 
https://teachchemistry.org/classroom-resources/introduction-to-pes 

 



 

Introduction to Photoelectron Spectroscopy (Student Handout Day 1) 
 
Background 
-When light with sufficient energy interacts with atoms on the surface of a solid element, the electrons 
can be ejected. Recall that the energy of a photon is related to the wavelength (𝜆) and frequency (𝜐) of 
the photon. The equations are shown below: 
 

𝐸 = ℎ𝜐  𝐸 = !"
#

  *h is planck's constant* 

-Photoelectron spectroscopy starts with the photoelectric effect but then uses an analyzer to 
measure 
the kinetic energy of the ejected electrons along with the relative number of electrons having 
the same 
kinetic energy.   
-The kinetic energy of the ejected electrons can be measured, usually in electron volts 
(1 eV = 1.60 x 10-19 J). Using the law of conservation of energy, the measured kinetic energy 
can be  
compared to the energy of the initial light leading to the binding energy (BE) of the electrons.  
-The binding energy is an approximation of how much energy is required to eject an electron.  
The  
expression for this relationship is shown below. 

 
𝐵𝐸 = ℎ𝜐$!%&%' − 𝐾𝐸 

Therefore, the measured kinetic energy can be converted to the binding energy of the electrons 
leading to a spectrum like the one shown below. Electrons having higher binding energy experience a 
greater attraction to the nucleus. The peaks can be identified using Coulomb’s law to qualitatively rank 
the attraction of the electrons in an atom to the nucleus.   

 

 
 

PES is an important analytical technique because it exposes a flaw in the Bohr model of the atom. Just 
as line emission spectra refined the nuclear model of the atom presented by Rutherford, PES data 
refines the quantized orbit model presented by Bohr. PES data suggests the existence of subshells 
corroborating the quantum mechanical model of the atom.  



 

 
 
Introductory Questions (Analyze): 
This phenomenon is referred to as the photoelectric effect and the emitted electrons are called 
photoelectrons. Answer the two questions below about the photoelectric effect. Use the following link 
if you need help or want more information. You may also use your notes from class to aid in 
answering.  
 
https://www.khanacademy.org/science/chemistry/electronic-structure-of-atoms/bohr-model-
hydrogen/a/photoelectric-effect 
 

1. Define threshold frequency. Note that this frequency will correspond to a wavelength and 
energy. 

 
 

2. What is the relationship between photon frequency and the kinetic energy of the ejected 
electrons? 

 
 
Phet simulation of the photoelectric effect:  
https://phet.colorado.edu/en/simulation/legacy/photoelectric 

 
Focus on how changing the wavelength affects the simulation. Once the threshold energy is   
reached, many different electrons are simultaneously ejected from the atoms. Because of the 
battery, 
the electrons are ejected and then replaced so the sample of atoms stays neutral.  

 
**This is different from ionization energy where one electron is removed per input of energy and second, 
third, fourth, etc. electrons are removed from a cation.** 
 

3. What changes increase the measured current in the simulation?   
 
 
 

https://www.khanacademy.org/science/chemistry/electronic-structure-of-atoms/electron-
configurations-jay-sal/a/photoelectron-spectroscopy 
 

4. Are binding energy and kinetic energy of photoelectrons inversely or directly proportional?   
 
 
 

5. What are the two types of photons generally used in PES? 
 
 
 



 

Follow-Up Questions (Apply): 
1. Draw a diagram of the classic Bohr model for a carbon atom. 

 
 
 
 
 
 
 

2. Write the electron configuration for a carbon atom. 
 
 
 

 
3. Use the PES spectrum of carbon provided in the Introduction to answer the following 

questions. 
a. Looking at the spectrum, what quantity is on the x-axis? What do you notice about the 

scale? 
 
 
 

b. Looking at the spectrum, what quantity is on the y-axis? How would you use the graph 
to compare peaks if there were no scale on the axis? In other words, if the axis had no 
measurements, how could you still use the graph to compare information about the 
different peaks? 

 
 

c. Label each peak of the spectrum using the electron configuration from Question 2 as 
your guide. Explain how you arrived at your answer. 

 
 
 
 

d. Provide the shell and subshell of the electrons having the highest binding energy & 
highest kinetic energy.  

 
 
 

e. Explain how this spectrum would look different if the Bohr model of the atom were 
accurate for all elements.  

 
 

4. The actual binding energy for a 2p electron in carbon is 11.26 eV.   
a. Convert the binding energy of a carbon 2p electron to Joules. 



 

b. Would a green photon with a wavelength of 520 nm be able to eject a 2p electron from 
a carbon atom? Show calculations to support your answer. 

 
 

5. In your own words, summarize photoelectron spectroscopy. 
 
 

6. In your own words, briefly explain how to use a PES spectrum to identify an element. 
 
 
 
 
 
 

 
 
 
 
 
 

  



 

Move that Magnet! (Student Handout Day 2) 
 
Background 
In this inquiry lab, you will explore with magnets to see and feel attractive and repulsive forces.  You 
will develop your own lab tests to identify the variables that affect forces of attraction or repulsion – 
the foundation of Coulomb’s Law. 
 
Problem 
How can you make the magnet move the most without touching it? 
 
 
 
Procedure 

1. Obtain two ceramic magnets. Hold the magnets close to one another. Flip one of the magnets 
over and repeat. Based on the attractive or repulsive forces you feel, label each side of the 
magnet as “+” or “-.” Use a small piece of tape and marker 
to label each side of the magnet with “+” for positive 
and/or “-“ for negative. Repeat with all the other magnets, 
including neodymium magnets. Record your observations 
in the “Observation and Notes” section.  

2. Attach a clamp to a ring stand as shown at right. 
3. Tape a magnet to one end of a string. Tie the other end of 

the string to the clamp as shown at right. The magnet 
should be suspended in air and should not touch the table. 

4. Using this set-up, ruler, and additional ceramic and 
neodymium magnets, determine how to make the 
suspended magnet move the farthest (in cm). You may not touch the magnet. You may not use 
wind/air to move the magnet. 

 
 

 
 
Observations and Notes: 
 
 
 
 
 
 
 
 

 
 
 
 



 

 
Analysis Questions 

1. How did you know which side of the magnet was positive and which side was negative?  
Explain using evidence and reasoning from your observations of the magnets. 

 
 
 
 

2. How far, in centimeters, were you able to move the suspended magnet? 
 
 
 
 

3. How did you make the magnet move the most without touching it?  What method(s) worked 
best? Did other lab groups in the class see similar results? 

 
 
 
 
 
 
 
 
Conclusion 
In your own words, summarize variables that affect forces of attraction or repulsion. 
 

 
 


