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Electron Orbital Activity (50pts)
Background Information: The arrangement of electrons within the orbitals of an atom is known as the electron configuration. The most stable arrangement is called the ground-state electron configuration. This is the configuration where all of the electrons in an atom reside in the lowest energy orbitals possible.  Keeping in mind several “rules” that the electrons must obey, we are able to predict the electron configurations of elements using the electron orbital diagrams and periodic table.  
Electron Orbital Diagram
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The distributions of orbitals can be laid out in the electron orbital diagram pictured to the left. You read it from the bottom (or closest to the nucleus) to the top in order of increasing energy.

The bottom energy level is level 1 - it has the lowest energy.  Each "  " represents an orbital. You can see that there is 1 orbital for an s subshell.  There are 3 orbitals for a p subshell, 5 for a d, and 7 for an f subshell.  Each orbital can hold 2 electrons.  Therefore, the s subshell can hold 2 electrons; the p can hold 6; the d can hold 10; and the f can hold 14.  See chart below for a summary
	Subshell
	Number of Orbitals
	Shape of orbital
	Max number of electrons

	s
	1
	sphere
	1x2 = 2

	p
	3
	dumbells
	3x2 = 6

	d
	5
	
	5x2 = 10

	f
	7
	
	7x2 = 14


Apartment Analogy

Imagine you are the landlord of a very strange apartment building. Your job is to fill the apartments in the building in the most efficient way possible. You are required by the owner of the building to fill the rooms in a certain way. The rules you have to follow are as strange as the building because quantum mechanics is not like anything you might have expected. The rules are summarized in the table below.

In the building the different floors are like the different energy levels (or shells) in an atom. The energy levels are numbered starting from one, just like the floors in an apartment. Each room corresponds to one orbital. The rooms have a capacity of two electrons (two people) each. In each room only a man and a woman may be paired together. In the strange world of quantum mechanics there are no same-gender room mates.

	Apartment Rules


	A
	From the Bottom Up: Rooms must be filled from the ground floor up. Fill the one room on the first floor before starting to put new tenants on the second floor. Then fill the s room before the p rooms. At higher floors the order might change a bit.

	B
	Singles First: the owner of the building wants to have the tenants spread out as much as possible. For that reason singles are placed in rooms before couples. If couples must be placed into a room then all of the other rooms on that floor must already have a single in them.

	C
	Opposite Gender Only: Each room has a max capacity of two.  When two people are placed in a room they must be of opposite genders. No men may room together and no women may room together. This is an arbitrary rule on the part of the owners: in a just world we wouldn’t have to follow it. But quantum mechanics has nothing to do with justice.


Procedure:

1. Bring a pencil and your period table to your workstation.

2. At your workstation, there is an electron orbital diagram and plastic chips representing electrons.  

3. For each of the following atoms or ions, determine the number of protons and electrons contained and record them in the Data Table.

4. Count out the number of electrons in plastic chips.
5. Fill in the card with the correct number of electrons according to the following three rules.
a. Place plastic chips (electrons) in the energy levels from low energy to higher energy (starting at level 1 which is closest to the nucleus)
b. Place one chip (electron) in each box (orbital) before doubling up
c. Each box has a max capacity of two.  When doubling up within a box (orbital), be sure the one chip (electron) has its arrow facing up while the other is down.

6. Record how your completed card looks (draw in arrows) on the electron orbital diagrams.

7. Also record the information for the electrons’ energy level, subshell, and number of electrons in the data table.  
8. Convert the information from the table into the electron configuration.  Electron configurations give the address information for the electron’s location for the ground state of an atom.  See below for a key to writing electron configurations.  The first one, carbon, has been done for you as an example.
9. Remove the chips and repeat for the next atom.



Data Tables: 






Electron Orbital Diagrams:

Example: 

	Atom
	# of protons
	# of electrons

	Carbon
	6
	6

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	1
	s
	2

	2
	s
	2

	2
	p
	2

	Electron Configuration:  
1s2 2s2 2p2


1.
	Atom
	# of protons
	# of electrons

	Beryllium
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	Electron Configuration:  




Data Tables: 






Electron Orbital Diagrams:

2. 

	Atom
	# of protons
	# of electrons

	Neon
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




3.

	Atom
	# of protons
	# of electrons

	Aluminum
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




Data Tables: 






Electron Orbital Diagrams:

4. 

	Atom
	# of protons
	# of electrons

	Chlorine
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




5.

	Atom
	# of protons
	# of electrons

	Potassium
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




Data Tables: 






Electron Orbital Diagrams:

6. 

	Atom
	# of protons
	# of electrons

	Vanadium
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




7.

	Atom
	# of protons
	# of electrons

	Copper
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




Now let’s try some ions

Ions are formed when atoms lose or gain electrons in an effort to create more stable electron arrangements.

Data Tables: 






Electron Orbital Diagrams:

8.

	Atom
	# of protons
	# of electrons

	Be+2
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




9.

	Atom
	# of protons
	# of electrons

	N-3
	
	

	Energy level
	Subshell
	# of electrons

	1, 2, 3, …
	s, p, d or f
	

	
	
	

	
	
	

	
	
	

	Electron Configuration:  




Concluding Questions (40 pts)
1. Electrons can be thought of “obeying” three basic rules when it comes to their location within an atom.  Match the following rules with the three from the procedures you just used to complete the lab.
	Rule
	Matches which letter?

	Hund’s Rule 

Single electrons with the same spin must occupy each equal-energy orbital before additional electrons with opposite spins can occupy the same orbitals. 
	

	Pauli Exclusion Principle 

A maximum of two electrons may occupy a single orbital, but only if the electrons have opposite spins. 
	

	The Aufbau Principle:

Each electron occupies the lowest energy orbital 

	


2. How does the Aufbau Principle work? 

3. What is Hund’s Rule? That is, how do you go about filling up electron orbitals according to this rule? 

4. Explain what is meant by the Pauli Exclusion Principle.

5. What is the maximum number of electrons that can be in one orbital (or box)?  ____
6. How many electrons are needed to fill the first energy level?____  How many elements are there in the first period or row of the periodic table? ____
7. How many electrons are needed to fill the second energy level (2s + 2p)? ____.  How many elements are there in the second period of the periodic table? ____
8. How many electrons are needed to fill the third energy level (3s + 3p + 3d)? ____.  How many elements are there in the third period of the periodic table? ____  Wait a second…that seems strange!
9. What element(s) did you write the configuration for that ended with an electron configuration of 3d?  ________________________________
What row or period is it in?  ________
10. Something is unusual about the 4s and 3d orbitals.  What do you notice about the order in which they are filled?

11. Why do you think Groups 1 and 2 referred to as the s-block of the periodic table? (look at the ending of the electron configurations you wrote for elements K and Be)
12. Why are Groups 13 through 18 referred to as the p-block of the periodic table? (look at the ending of the electron configurations you wrote for elements C, Ne, Al, and Cl)

13. Why are Groups 3 through 12 referred to as the d-block of the periodic table? (look at the ending of the electron configurations you wrote for element V and Cu)
14. The most stable elements have full outer sub shells.  Next most stable are those with half filled shells.  Take a look at the electron configuration you wrote for Copper.  Copper’s actual configuration is: 1s2 2s2 2p6 3s2 3p6 4s1 3d10.  Give one possible reason for this.
15. Using what you now know about electron configurations explain the notion that elements in the same column in the periodic table have similar chemical and physical properties. 
16. What element would have the following electron configuration: 1s2 2s2 2p6 3s2 3p6 4s2 3d5. (For example: 1s2 means that in the first energy level there are two electrons in an s orbital.) 

17. Write out the electron configuration of O2-. Notice that this is an ion! 
18. Write out electron configuration of Na+. Notice that this is a ion! 
19. Look at the electron configurations for O2- and Na+ which you figured out above. Compare them to the other electron configurations you did. Do they have anything in common with one or two of them? Which one(s) and Why? 
20. Look at the electron configuration for Neon, a noble gas. Why do you think they are more stable than the other elements? 

(Increasing energy
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