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The Model: Quantum Numbers

Quantum numbers provide all important information about electrons:

n Energy level and distance from nucleus Any integer > 1

1 Shape Any integer from 0 to n-1
ml Number of each orbital shape Integers from —1 to +1
ms Electron “spin” +or—"2

Quantum numbers describe the probable location of electrons in an atom in a similar way to how an address
describes where a person lives:

Quantum number Description

n (street) Energy level and distance from nucleus (general area within a town)
1 (house number) Shape (specific house on the street described by n)
ml (room) Number of each orbital shape (specific room in the house described by 1)
ms (person) Electron “spin” (specific person in the room described by ml)

To fully describe electrons (just like to fully describe a person’s location), you need all four quantum numbers,
as each one points to a fewer number of electrons. For example, there are more people described by a street
name than a specific house:

o Fifty total people live on First Street, but only 4 people live in house number 100.
e Eighteen total electrons can be in n=3, but only 6 total electrons can be in subshell p (n=3, I=1).

1. What are all possible | values for n = 4?

2. What are the orbital names that correspond to these values, from lowest to highest energy?

3. How many total electrons can be in n=4?




4. How many total electrons can be described by the orbital designation 4d?

5. How many total electrons can be described by the set of quantum numbers (4,2,1)?

6. If you want to describe only one electron, how would you change the set of quantum numbers in
question 5?7

The Model: Orbital Energy

The energy of an orbital is largely determined by the orbital’s n and 1 values:

e Energy increases as n increases.
e Energy increases as | increases.

7. Rank the orbitals in the pictures from lowest to highest energy. > > >
a b. ¢ d

8. Rank the orbitals in the pictures from lowest to highest energy. All orbitals in the set have the same n

@ <v

value. > >




9. The highest energy electrons in an atom are the most reactive. Would the most reactive electrons belong

to:
a. 2sor2p
b. Isor3d
c. 4for3p

The Model: Electron Configurations

While quantum numbers describe individual electrons, electron configurations describe the location and energy
of all electrons in an atom using each electron’s orbital designation. Use the orbital diagrams representing
electron configurations to answer questions 10 through 18.

Electron configuration
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Orbital diagram
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10.What do the arrows represent in the orbital diagram?

11. Why is one arrow pointing up and the other down?

13. Electrons are added to the

12. What does the number 2 in the electron configuration for helium tell you?
a. The energy level for the electrons

b. The shape of the orbital
¢. The number of electrons in the orbital

(lowest, highest) energy levels first.

14. Electrons are added to each orbital (paired, singly) first.

15. The number of electrons in a neutral atom is equal to
a. The atom’s mass number

b. The atom’s atomic number
c. The charge on the atom.
d. The number of neutrons in an atom.
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16. How are the orbital diagrams of helium and
neon similar?

17.  How are the orbital diagrams of helium and
neon different from other elements in periods 1 and
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18.  Describe how your answers to questions 16
and 17 explain the reactivity of helium and neon.

Skills practice: Use a periodic table to answer questions 19 through 22.

19. Identify the block on the periodic table that contains each element:

a. Oxygen

b. Sodium

c. Silver




20. Which subshell will contain the valence electrons for:

a. Oxygen
b. Sodium
c. Silver

21. Write the electron configurations for:
a. Magnesium

b. Titanium

c. Arsenic

d. Yttrium
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