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Overview
Students are often asked to memorize the periodic trends found on the periodic table. With 
a data-driven approach, students analyze data patterns to identify the trends themselves. 
Relating periodic trends to atomic structure and electron arrangement provides an explanation 
for the trends, allowing students to construct their own data-based explanation. This activity 
may be assigned as homework or used as a group activity in class. Revisit the data table during 
units on bonding and chemical reactivity as evidence for additional explanations. 

Physical Science, Chemistry 
Grades: 9–12 

Phenomenon
How did we get from Mendeleev’s version of the periodic table to Seaborg’s, and then to the 
current version of the periodic table?  

Essential Question
How can the periodic table be used to predict relative properties of elements?

Activity Objectives
1.	 Relate electron configurations to periodic properties.
2.	 �Identify the trend for several periodic properties.

Continued on the next page.

Electron Configuration and Periodic Trends
A Carolina Essentials™ Activity

	 PREP	 ACTIVITY 
	15 min	 60 min

TIME REQUIREMENTS

Teacher Prep: 15 min
Student Activity: 60 min

SAFETY REQUIREMENTS
No PPE is required for the 
activity.

MATERIALS
Student activity pages

HELPFUL LINKS
Keep Calm and Chemistry on: 
Tips for the New Chemistry 
Teacher
Naming the Elements
Periodic Table Mystery
Understanding the Periodic 
Table
Finding the Elements Demo 
Chemistry Kit
Magnetic Periodic Table
Periodic Table Cards
Student Infographic Periodic 
Table

REFERENCE KITS
Periodic Table Inquiry
Discovering the Periodic Table
Interpreting the Periodic Table

https://www.carolina.com/teacher-resources/Interactive/keep-calm-and-chemistry-on/tr35604.tr
https://www.carolina.com/teacher-resources/Interactive/keep-calm-and-chemistry-on/tr35604.tr
https://www.carolina.com/teacher-resources/Interactive/keep-calm-and-chemistry-on/tr35604.tr
https://www.carolina.com/teacher-resources/Interactive/naming-the-elements/tr28303.tr
https://www.carolina.com/teacher-resources/Interactive/periodic-table-activity/tr10839.tr
https://www.carolina.com/teacher-resources/Interactive/understanding-the-periodic-table-activity/tr10880.tr
https://www.carolina.com/teacher-resources/Interactive/understanding-the-periodic-table-activity/tr10880.tr
https://www.carolina.com/acid-base-reactions/finding-the-elements-demo-chemistry-kit/840465.pr
https://www.carolina.com/acid-base-reactions/finding-the-elements-demo-chemistry-kit/840465.pr
https://www.carolina.com/periodic-table/magnetic-periodic-table/840075.pr
https://www.carolina.com/periodic-table/periodic-table-cards/840090.pr
https://www.carolina.com/periodic-table/carolina-student-infographic-periodic-table-binder-size/840073.pr
https://www.carolina.com/periodic-table/carolina-student-infographic-periodic-table-binder-size/840073.pr
https://www.carolina.com/periodic-table/carolina-chemkits-periodic-table-inquiry/840074.pr
https://www.carolina.com/periodic-table/carolina-chemkits-discovering-the-periodic-table-kit/840072.pr
https://www.carolina.com/inquiry-science-matter/inquiries-in-science-interpreting-the-periodic-table-kit/251203.pr


©2019 Carolina Biological Supply Company T2

Next Generation Science Standards* (NGSS)

PE HS-PS1-1. Use the periodic table as a model to predict the relative properties of elements based on the patterns of electrons in 
the outermost energy levels of atoms.

Science and  
Engineering Practices Disciplinary Core Ideas Crosscutting Concepts

Developing and Using 
Models
• �Use a model to predict 

the relationships 
between systems or 
between components 
of a system.

PS1.A: Structure and 
Properties of Matter
• �Each atom has a 

charged substructure 
consisting of a 
nucleus, which is 
made of protons and 
neutrons, surrounded 
by electrons.

• �The periodic table 
orders elements 
horizontally by the 
number of protons in 
the atom’s nucleus 
and places those 
with similar chemical 
properties in columns.  
The repeating patterns 
of this table reflect 
patterns of outer 
electron states.

Patterns
• �Different patterns may 

be observed at each of 
the scales at which a 
system is studied and 
can provide evidence 
for the causality 
in explanations of 
phenomena.

Teacher Preparation and Disposal
Copy or upload the student page to a class web site for student access.

Electron Configuration and Periodic Trends
A Carolina Essentials™ Activity

Student Procedure Teacher Preparation and Tips
1. �Complete the electron configuration for the first 18 elements on the 

periodic table.
2. �Convert the electron configuration to a noble gas configuration.
3. �Use the noble gas configuration to determine the number of valence level 

electrons for each element.
4. �Use the number of valence level electrons to determine the ionic charge of 

each element.
5. �Graph the first ionization energy (y-axis) against atomic number (x-axis).
6. �Graph electronegativity (y-axis) against atomic number (x-axis).
7. �Graph atomic radius (y-axis) against atomic number (x-axis).

1. �Review procedures for writing electron 
configurations with students. If this has not 
been taught yet, use the teacher guide and 
give students the configurations. They can 
still identify and explain patterns.

2. �You may wish to have students complete 
this activity in groups of 3 and assign a 
graphing procedure to each of the  
students.

3. �The x-axis is atomic number. You may 
wish to have students label the x-axis with 
atomic symbol.

4. �It is beneficial to have a class discussion 
about each graph before the discussion 
questions are answered.

Continued on the next page.
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Data and Observations

Element 
and Atomic 

Number
Electron 

Configuration
Noble Gas 

Configuration

Number 
of Valence 
Electrons

Ionic 
Charge

First Ionization 
Energy (kJ/mole)

Electronegativity 
(Pauling scale)

Atomic 
Radius 

(pm)

H-1 1s1 NA 1 1+ 1312.0 2.1 37

He-2 1s2 He 2 0 2372.3 NA 31

Li-3 1s22s1 He[2s1] 1 1+ 520.2 1.0 152

Be-4 1s22s2 He [2s2] 2 2+ 899.5 1.5 112

B-5 1s22s2p1 He [2s2p1] 3 3+ 800.6 2.0 85

C-6 1s22s2p2 He [2s2p2] 4 4+, 4- 1086.5 2.5 77

N-7 1s22s2p3 He [2s2p3] 5 3- 1402.3 3.0 75

O-8 1s22s2p4 He [2s2p4] 6 2- 1313.9 3.5 73

F-9 1s22s2p5 He [2s2p5] 7 1- 1681.0 4.0 72

Ne-10 1s22s2p6 He [2s2p6] 8 0 2080.7 NA 70

Na-11 1s22s2p63s1 Ne [3s1] 1 1+ 495.8 0.9 186

Mg-12 1s22s2p63s2 Ne [3s2] 2 2+ 737.7 1.2 160

Al-13 1s22s2p63s2p1 Ne [3s2p1] 3 3+ 577.5 1.5 143

Si-14 1s22s2p63s2p2 Ne [3s2p2] 4 4+, 4- 786.5 1.8 118

P-15 1s22s2p63s2p3 Ne [3s2p3] 5 3- 1011.8 2.1 110

S-16 1s22s2p63s2p4 Ne [3s2p4] 6 2- 999.6 2.5 103

Cl-17 1s22s2p63s2p5 Ne[3s2p5] 7 1- 1251.2 3.0 99

Ar-18 1s22s2p63s2p6 Ne [3s2p6] 8 0 1520.6 NA 98

Source: LibreTexts. 2019. “Chemistry Library.” https://chem.libretexts.org/.
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2. Graph of electronegativity

3. Graph of atomic radius
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Analysis and Discussion
1. �Describe and explain the pattern in electron configurations for the first 18 elements.

The first 2 elements fill the 1s level. Elements 3 to 10 fill 1s, 2s, and 2p, totaling 8 electrons for the level. Elements 11 to 18 
follow the same pattern as elements 3 to 10, except electrons are placed in the third level instead of the second level. Eight 
electrons need to be added to the third level to complete it.

2. �Describe and explain the pattern in the number of valence level electrons for the first 18 elements. 
The first row, H and He, has 1 and 2 valence level electrons. Level 2, elements 3 to 10, have 1 to 8 valence level electrons 
respectively. Level 3, elements 11 to 18, follow the same pattern as level 2—1 to 8 valence level electrons.

3. �Describe and explain the pattern in ionic charge for the first 18 elements.
Elements with 1 valence level electron (H, Li, Na) have an ionic charge of 1+ and lose 1 electron. They are in column 1 of the 
periodic table. Excepting helium, elements with 2 valence level electrons (Be and Mg) have an ionic charge of 2+ and lose 2 
electrons. They are in column 2 of the periodic table. 

B and Al have 3 valence level electrons, an ionic charge of 3+, and lose 3 valence level electrons. They are in column 13. C 
and Si have 4 valence level electrons, which means they can gain 4 electrons or lose 4 electrons. They have an ionic charge 
of 4- or 4+ respectively. They are in column 14 of the periodic table.

N and P have 5 valence level electrons, so they will likely gain 3 electrons, resulting in a 3- charge. There are exceptions to 
this. Nitrogen can lose all 5 electrons, resulting in a 5+ charge. They are in column 15 on the periodic table. O and S gain 2 
electrons, resulting in a 2- charge, and are found in column 16. F and Cl follow the same pattern. They lose a single valence 
electron, giving a 1- charge, and are in column 17.  

He, Ne, and Ar are all found in column 18. Ne and Ar have a full valence level with 8 electrons, so they will neither gain nor 
lose electrons. He has a full valence level with just 2 electrons, since all of its electrons are in level 1. It will neither gain nor 
lose electrons because its valence level is also full. Since He, Ne, and Ar all have full valence levels and do not gain nor lose 
electrons, they have an ionic charge of 0.

The general pattern for ionic charge going horizontally across a period is 1+, 2+, 3+, 4+, 4-, 3-, 2-, 1-, 0. If electrons are lost, 
there is a positive ionic charge. If electrons are gained, there is a negative ionic charge.

4. �Explain how ionic charge is related to the number of valence level electrons.
The number of electrons lost or gained determines the magnitude of the charge. If electrons are lost, the charge is positive, 
and if electrons are gained, the charge is negative.

5. �Describe and explain the pattern in first ionization energy for the first 18 elements.
First ionization energy increases across a period (row) and decreases down a group (family or column).

6. �Explain how ionization energy is related to electron configuration.
The larger the positive charge of the nucleus is, (more protons), the greater the nuclear charge and attraction for electrons. 
Removing an electron requires more energy. As an electron gets further from the nucleus, the weaker the nuclear attraction 
becomes, requiring less energy to remove an electron. This is called nuclear shielding.

7. �Describe and explain the pattern in electronegativity for the first 18 elements.
Electronegativity increases across a period and decreases down a group.

8. �Explain how electronegativity is related to electron configuration.
As the valence level fills with electrons, it requires more energy to attract bonding pairs of electrons because there must 
be enough energy to overcome the repulsion of electrons already in the valence level. The noble gases do not have 
electronegativity values because they have a complete valence level.

9. �Describe and explain the pattern in atomic radius for the first 18 elements.
Atomic radius decreases across a period and increases down a group.
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*Next Generation Science Standards® is a registered trademark of Achieve. Neither Achieve nor the lead states and partners that 
developed the Next Generation Science Standards were involved in the production of this product, and do not endorse it.

TEACHER NOTES


	Teacher Notes: 


