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Atomic Structure and Properties
Ionic compounds

Valence electrons and ionic compounds

Main-group atoms chase a full
octet :

metals lose electrons → cations
nonmetals gain them →
anions

An ionic bond is the
Coulomb pull; higher
charge + smaller ions ⇒ stronger
lattice energy (MgO ≫
NaCl). Trends follow the table’s structure



Atomic Structure and Properties
Ionic compounds

Atomic Structure and Electron Configuration, continued

nucleus: protons
and neutrons

electron

shell (energy level)

proton +1
neutron 0
electron −1

An atom: a tiny nucleus of protons and neutrons, with electrons in shells



Atomic Structure and Properties
Ionic compounds

Periodic Trends, continued
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Electronegativity rises across a period and falls down a group



Atomic Structure and Properties
Ionic compounds

Mass Spectra of Elements

35Cl

75%

37Cl

25% 35 37

Ar = 35.5
closer to the common isotope

Ar =
(35× 75) + (37× 25)

100
= 35.5 - a weighted average by abundance

Relative atomic mass is the abundance-weighted average of the isotopes



Atomic Structure and Properties
Ionic compounds

The mass spectrum of chlorine

35 37
mass-to-charge ratio  (isotope mass)

0
10
20
30
40
50
60
70
80
90

re
la

tiv
e 

ab
un

da
nc

e 
(%

)

35Cl
75.8%
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24.2%

Ar = 35(0.758) + 37(0.242) = 35.5

The mass spectrum of chlorine: two isotopes with different abundances



AP Chemistry

Exercises 2.1·2.3
2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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AP Chemistry

Exercises 2.1·2.3
2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• In the outermost shell

2.2

• Positive (a cation)

2.3

• MgCl2 (one 2+ needs two 1−)

2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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Now apply the methods above.
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Now apply the methods above.
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AP Chemistry

Exercises 2.4·3.1

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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AP Chemistry

Exercises 2.4·3.1

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3
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(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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2.3

• MgCl2 (one 2+ needs two 1−)

2.4
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3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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AP Chemistry

Exercise 3.2

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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AP Chemistry

Exercise 3.2

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
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A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]

AP Chemistry • 1.8 Valence Electrons and Ionic Compounds 2

Solutions
Each answer shows the steps, then the result.
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2.2
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2.3

• MgCl2 (one 2+ needs two 1−)

2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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AP Chemistry

Exercise 3.3 (a)

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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2 Practice
Now apply the methods above.
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AP Chemistry

Exercise 3.3 (a)

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
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Solutions
Each answer shows the steps, then the result.

2.1

• In the outermost shell

2.2

• Positive (a cation)

2.3

• MgCl2 (one 2+ needs two 1−)

2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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AP Chemistry

Exercise 3.3 (b)

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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AP Chemistry

Exercise 3.3 (b)

2 Practice
Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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Now apply the methods above.

2.1 State where valence electrons are located in an atom. [1]

2.2 A metal atom loses electrons. State the sign of the ion it forms. [1]

2.3 Write the neutral formula from Mg2+ and Cl−. [2]

2.4 How many Cl− ions balance one Al3+ ion? [1]

3 Exam-style questions
3.1 Valence electrons are found in the [1]

A nucleus
B innermost shell
C outermost shell
D neutrons

3.2 The neutral formula from Ca2+ and Cl− is [1]

A CaCl
B CaCl2
C Ca2Cl
D CaCl3

3.3 Consider aluminium (Al3+) and oxide (O2−).

(a) Write the neutral ionic formula. [2]

(b) State the method you used to balance the charges. [1]
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Solutions
Each answer shows the steps, then the result.

2.1

• In the outermost shell

2.2

• Positive (a cation)

2.3

• MgCl2 (one 2+ needs two 1−)

2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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AP Chemistry

Exercise 3.4 (a)

3.4 A metal M forms M2+ and a nonmetal X forms X−.

(a) Write the formula of the compound they make. [1]

(b) State whether M is more likely a metal or a nonmetal, and why. [2]
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AP Chemistry

Exercise 3.4 (a)

3.4 A metal M forms M2+ and a nonmetal X forms X−.

(a) Write the formula of the compound they make. [1]

(b) State whether M is more likely a metal or a nonmetal, and why. [2]
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2.3
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2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)
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(b)

• A metal – metals lose electrons to form positive cations like M2+
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AP Chemistry

Exercise 3.4 (b)

3.4 A metal M forms M2+ and a nonmetal X forms X−.

(a) Write the formula of the compound they make. [1]

(b) State whether M is more likely a metal or a nonmetal, and why. [2]
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AP Chemistry

Exercise 3.4 (b)

3.4 A metal M forms M2+ and a nonmetal X forms X−.

(a) Write the formula of the compound they make. [1]

(b) State whether M is more likely a metal or a nonmetal, and why. [2]
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Solutions
Each answer shows the steps, then the result.

2.1

• In the outermost shell

2.2

• Positive (a cation)

2.3

• MgCl2 (one 2+ needs two 1−)

2.4

• Three

3.1 C

• the outermost shell

3.2 B

• CaCl2

3.3

(a)

• Al2O3

(b)

• Criss-cross the charge magnitudes into subscripts (so total + equals total −)

3.4

(a)

• MX2

(b)

• A metal – metals lose electrons to form positive cations like M2+
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