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Chapter 3

Atoms, Electrons, and 
Periodic Trends

Solutions for Practice Problems
Student Textbook page 136

1. Problem
What are the allowed values for l in each of the following cases?
(a) n = 5
(b) n = 1

Solution
For any value of the quantum number n, the allowed values of the quantum number
l are integers ranging from 0 to (n − 1).
(a) n = 5, ∴(n − 1) = 4, and l can have values 0, 1, 2, 3, or 4.
(b) n = 1, ∴(n − 1) = 0, and l can have only the value 0.

Check Your Solution
For any value of n, there are n possible values of l. When n = 5, there were five
allowed values of l. When n = 1, there was one allowed value for l. The answer is 
correct.

2. Problem
What are the allowed values for ml for an electron with the following quantum 
numbers?
(a) l = 4
(b) l = 0

Solution
For any value of the quantum number l, the allowed values of the quantum number
ml are integers ranging from –l…0…+l.
(a) For l = 4, ml can have the values –4, –3, –2, –1, 0, +1, +2, +3, and +4.
(b) For l = 0, ml can only have the value 0.

Check Your Solution
For any value of l there can be (2l + 1) values of ml. For l = 4, there are
2(4) + 1 = 9 values for ml. For l = 0, there is 2(0) + 1 = 1 value for ml.

3. Problem
What are the names, ml values, and total number of orbitals described by the 
following quantum numbers?
(a) n = 2, l = 0
(b) n = 4, l = 3
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Solution
The type of orbital is determined by the value of n and l as n (l ). The orbital is s, for
l = 0, p for l = 1, d for l = 2 and f for l = 3. You can find the possible values for 
ml from l. The total number of orbitals is given by the total number of ml values.
(a) For l = 0, ml can have only the value 0. Since n = 2 and l = 0, the quantum

numbers represent a 2s orbital. Since there is only one allowed value for ml, there
is one 2s orbital.

(b) For l = 3, ml can have allowed values of –3, –2, –1, 0, +1, +2, and +3. Since
n = 4 and l = 3, the quantum numbers represent a 4f orbital. Since there are
seven allowed values for ml, there are seven 4f orbitals.

Check Your Solution
Since the total number of orbitals for any given l value is (2l + 1), there should be
2(0) + 1 = 1 orbital when l = 0, and 2(3) + 1 = 7 orbitals when l = 3. This answer
is correct.

4. Problem
Determine the n, l, and possible ml values for an electron in the 2p orbital.

Solution
The type of orbital takes its name from the value of the quantum numbers n and l. 
A p orbital corresponds to l = 1. Since it is a 2p orbital, n = 2. You can find the 
possible values for ml from l. For l = 1, the allowed values that are possible for ml

are –1, 0, and +1.

Check Your Solution
For any value of l, there can be (2l + 1) values of ml. For l = 1, there are
2(1) + 1 = 3 values for ml. This answer is correct.

5. Problem
Which of the following are allowable sets of quantum numbers for an atomic orbital?
Explain your answer in each case.
(a) n = 4, l = 4, ml = 0
(b) n = 3, l = 2, ml = 1
(c) n = 2, l = 0, ml = 0
(d) n = 5, l = 3, ml = −4

Solution
For any value of the quantum number n, the allowed values of the quantum number
l are integers ranging from 0 to (n − 1). For any value of the quantum number l, the
allowed values of the quantum number ml are integers ranging from –l …0…+l .
Apply these criteria to each case.
(a) For n = 4, the allowed values for l are 0, 1, 2, or 3. l = 4 is not an allowed value.

It is allowable for ml to have the value 0. This combination of quantum numbers
is not allowable.

(b) For n = 3, the allowed values for l are 0, 1, or 2. For the value of l = 1, ml can
have the value 1. This combination of quantum numbers is allowable.

(c) For n = 2, the allowed values for l are 0 or 1. For the value of l = 0, ml can have
the value 0. This combination of quantum numbers is allowable.

(d) For n = 5, the allowed values for l are 0, 1, 2, 3, or 4. For l = 3, ml cannot have
the value –4. This combination of quantum numbers is not allowable.

Check Your Solution
In (b) and (c), the criteria for allowed quantum numbers are met.
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Solutions for Practice Problems
Student Textbook pages 145–146 

6. Problem
Use the aufbau principle to write complete electron configurations and complete
orbital diagrams for atoms of the following elements: sodium, magnesium, 
aluminum, silicon, phosphorus, sulfur, chlorine, and argon (atomic numbers 11
through 18).

Solution
(See solution for Problem 7)

7. Problem
Write condensed electron configurations for atoms of these same elements.

Solution (Problem 6 and Problem 7)
The aufbau principle is a process of building up the ground state electron configura-
tion of atoms, by adding one electron to the lowest available energy level in order of
increasing atomic number. To build up to element 18, the order in which orbitals 
are filled increases: 1s<2s<2p<3s<3p. The Pauli Exclusion Principle specifies that 
no two electrons in an atom can have the same set of four quantum numbers. This
leads to the conclusion that an s orbital can hold a maximum of two electrons and
the three p orbitals at any energy level can hold, in total, a maximum of six electrons.
Electrons in the same orbital are shown to have opposite spin, ↑↓, a consequence 
of the Pauli Exclusion Principle that is referred to as Hund’s Rule. A condensed 
electron configuration represents the electrons in the filled inner core by the symbol 
of the noble gas to which it corresponds, followed by the electron configuration of
the valence shell.

Check Your Solution
The number of electrons increases in order of increasing atomic number, and the
sequence predicted by the aufbau principle is followed. In any orbital containing 
two electrons, the electrons are of opposite spin.

8. Problem
Make a rough sketch of the periodic table for elements 1 through 18, including 
the following information: group number, period number, atomic number, atomic
symbol, and condensed electron configuration.

Orbital diagram
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Solution

Check Your Solution
The arrangement of elements 1–18 follows a regular pattern. The number of energy
levels in any horizontal row corresponds to the period number, and the number of
electrons in the valence shell corresponds to the group number (or to the last digit 
of the group number).

9. Problem
A general electron configuration for atoms belonging to any element of group 1 
(IA) is ns1, where n is the quantum number for the outermost occupied energy level.
Based on the patterns you can observe so far for elements 1 to 18, predict the general
electron configuration for the outermost occupied energy levels of groups 2 (IIA), 
13 (IIIA), 14 (IVA), 15 (VA), 16 (VIA), 17 (VIIA), and 18 (VIIIA).

Solution
Referring to the solution given for problem 8, it can be observed that within any
group, the electrons in the valence shell are found in the same type of orbitals, and
the number of valence electrons is equal to the group number or last digit of the
group number. Using these criteria, the pattern should be the same for all elements
within the group: 2 (IIA): ns2; 13 (IIIA): ns2np1; 14 (IVA): ns2np2; 15 (VA): ns2np3;
16 (VIA): ns2np4; 17 (VIIA): ns2np5; 18 (VIIIA): ns2np6.

Check Your Solution
The number of the electrons in the valence shell of elements within a group follows
the expected pattern — the number of electrons is equal to the number of the group
or the last digit of the group number. The link between the orbital notation and the
group number has been applied correctly.

Solutions for Practice Problems
Student Textbook page 150

10. Problem
Without looking at a periodic table, identify the group number, period number, and
block of an atom that has the following electron configuration.
(a) [Ne]3s1

(b) [He]2s2

(c) [Kr]5s24d 105p5

1
IA

2
IIA

4
Be

9.012
[He]2s2

12
Mg

24.13
[Ne]3s2

13
IIIA

5
B

10.81
[He]2s22p1

13
Al

26.98
[Ne]3s23p1

14
IVA

6
C

12.01
[He]2s22p2

14
Si

28.09
[Ne]3s23p2

15
VA

7
N

14.01
[He]2s22p3

15
P

30.97
[Ne]3s23p3

16
VIA

8
O

16.00
[He]2s22p4

16
S

32.07
[Ne]3s23p4

17
VIIA

9
F

19.00
[He]2s22p5

17
Cl

35.45
[Ne]3s23p5

18
VIIIA

2
He

4.003
1s2

10
Ne

20.18
[He]2s22p6

18
Ar

39.95
[Ne]3s23p6

1
H

1.01
1s1

3
Li

6.941
[He]2s1

11
Na

22.99
[Ne]3s1

1

2

3
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Solution
(a) This element corresponds to the general notation ns1, which is an s block element,

since there are only s electrons in the valence shell. n = 3, so the element is in
period 3. Since there is only one valence electron, the element is in group 1.

(b) This element corresponds to the general notation ns2, which is an s block element,
since there are only s electrons in the valence shell. n = 2, so the element is in
period 2. Since there are two valence electrons, the element is in group 2.

(c) This element corresponds to the general notation ns2np5, which is a p block 
element, since there are s and p electrons in the valence shell. n = 5, so the 
element is in period 5. Since there are seven valence electrons, the element is 
in group 17.

Check Your Solution
The link between n value and period, and the match between the valence electrons
for each element and the general notation for elements in that group have been 
correctly applied.

11. Problem
Use the aufbau principle to write the complete electron configurations for the atom
of the element that fits the following descriptions:
(a) group 2 (IIA) element in period 4
(b) noble gas in period 6
(c) group 12 (IIB) element in period 4
(d) group 16 (IVB) element in period 2

Solution
(a) Group 2 elements have the general notation ns2, and for an element in period 4,

n = 4. Therefore, the valence electrons are represented by 4s2. Also, an element in
period 4 will have an inner core that corresponds to the noble gas in period 3 of
the periodic table, which is argon. The element is Ca, and its complete electron
configuration is 1s22s22p63s23p64s2.

(b) The noble gas in period 6 will have 6 energy levels and have the general notation
6s26p6. Follow the sequence outlined in the aufbau principle until you reach 
6p6. This should be the noble gas radon. Its complete electron configuration is
1s22s22p63s23p64s23d 104p65s24d 105p66s24f 145d 106p6

(c) Group 12 elements have the general notation ns2(n − 1)d 10, and for an element
in period 4, n = 4. Also, an element in period 4 will have an inner core that 
corresponds to the noble gas in period 3 of the periodic table, which is argon. 
The condensed electronic configuration will be [Ar]4s23d 10. The element is Zn,
and its complete electron configuration is 1s22s22p63s23p64s23d 10 .

(d) Group 16 elements have the general notation ns2p4, and for an element in 
period 2, n = 2. Also, an element in period 2 will have an inner core that 
corresponds to the noble gas in period 1 of the periodic table, which is helium.
The element is O, and its complete electron configuration is 1s22s22p4.

Check Your Solution
A check of the complete electron configurations shows that the link between n and
period number, the sequence predicted by the aufbau principle, and the match
between the valence electrons for each element and the general notation for elements
in that group are correctly followed.

34Chapter 3 Atoms, Electrons, and Periodic Trends • MHR

CHEMISTRY 12



12. Problem
Identify all the possible elements that have the following valence electron 
configurations.
(a) s2d 1

(b) s2p3

(c) s2p6

Solution
(a) s2d 1 is a d block configuration that corresponds to the general notation

ns(n − 1)d. Elements having this configuration are in group 3, and include 
Sc, Y, La, and Ac.

(b) s2p3 is a p block configuration that corresponds to the general notation ns2np3.
Elements having this configuration are in group 15, and include N, P, As, Sb, 
and Bi.

(c) s2p6 is a p block configuration that corresponds to the general notation ns2np6.
Elements having this configuration are in group 18, and include Ne, Ar, Kr, Xe,
and Rn.

Check Your Solution
The link between n value and period, and the match between the valence electrons
for each element and the general notation for elements in that group have been 
correctly applied.

13. Problem
For each of the elements below, use the aufbau principle to write the full and 
condensed electron configurations and draw partial orbital diagrams for the valence
electrons of their atoms. You may consult the periodic table in Appendix C, or any
other periodic table that omits electron configurations.
(a) potassium
(b) nickel
(c) lead

Solution

Check Your Solution
For each electron configuration, the aufbau principle has been followed. In the orbital
diagram representing the valence electrons, Hund’s Rule has been correctly followed.

ZElement
Electron
configuration

(a) K

(b) Ni

(c) Pb

1s22s22p63s23p64s1

1s22s22p63s23p64s23d 8

1s22s22p63s23p64s23d104p65s2

4d105p66s24f 145d106p2

Condensed
configuration

[Ar] 4s1

[Ar] 4s23d 8

[Xe]6s24f 145d106p2

Orbital
diagram

Valence
shell

4s

4s

6s 6p

19

28

82

→
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