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Atomic Structure and the Periodic Table
Chapter 3

	


Problem-Set Solutions

3.1
a.
An electron possesses a negative electrical charge.





b.
A neutron has no electrical charge.







c.
A proton has a mass slightly less than a neutron.





d.
A proton has a positive electrical charge.

3.2
a.
electron
b.
proton
c.
proton and neutron 

d.
proton

3.3
a.
False. The nucleus of an atom is positively charged because it contains proton(s).

b.
False. The nucleus of an atom contains protons and neutrons.




c.
False. A nucleon is any subatomic particle found in the nucleus. Protons and neutrons are 

both found in the nucleus and so are both nucleons.





d.
True. Neutrons and protons are in the nucleus, and both particles have much more mass 

than electrons.

3.4
a.
true
b.
false
c.
false
d.
false

3.5
An atom’s atomic number (Z) is equal to the number of protons and also the number of 
electrons in the atom. Its mass number (A) is the sum of the number of protons and the number 
of neutrons in the nucleus of the atom.






a.
Atomic number = number of protons = 2 protons



 


Mass number = number of protons + number of neutrons = 2 protons + 2 neutrons = 4

b. 
Atomic number = number of protons = 4 protons



 


Mass number = number of protons + number of neutrons = 4 protons + 5 neutrons = 9

c.
Atomic number = number of protons = 5 protons



 


Mass number = number of protons + number of neutrons = 5 protons + 4 neutrons = 9

d.
Atomic number = number of protons = 28 protons



 


Mass number = number of protons + number of neutrons = 28 protons + 30 neutrons = 58

3.6
a.
atomic number = 1, mass number = 2
b.
atomic number = 10, mass number = 22

c.
atomic number = 12, mass number = 22
d.
atomic number = 50, mass number = 119

3.7
Atomic number (Z) is equal to the number of protons in an atom and also the number of 
electrons. Mass number (A) is the sum of the number of protons and the number of neutrons 
in the nucleus of an atom.






a.
Z(atomic number) = protons = electrons = 8 protons = 8 electrons




Number of neutrons = A – Z = 16 – 8 = 8 neutrons. 





b.
Z (atomic number) = protons = electrons, so there are 8 protons and 8 electrons. 


Number of neutrons = A – Z = 18 – 8 = 10 neutrons





c.
Z = number of protons = number of electrons = 20 electrons = 20 protons. 



A – Z = number of neutrons = 44 – 20 = 24 neutrons





d.
Z = 100 protons = 100 electrons; A – Z = 257 – 100 = 157 neutrons

3.8
a.
10 protons, 10 neutrons, and 10 electrons
b.
48 protons, 62 neutrons, and 48 electrons
c.
5 protons, 6 neutrons, and 5 electrons
d.
92 protons, 146 neutrons, and 92 electrons

3.9
a.
The number of protons in an atom is equal to the atomic number.



b.
The number of neutrons in an atom is equal to the mass number minus the atomic number.
c.
The number of nucleons (protons and neutrons) in the atoms is equal to the mass number.
d.
The total number of subatomic particles in an atom is equal to the sum of the mass number 

(protons plus neutrons) and the atomic number (number of electrons).

3.10
a.
number of protons or number of electrons






b.
number of protons plus neutrons (number of nucleons)





c.
number of neutrons






d.
number of protons plus neutrons plus electrons  (total number of subatomic particles)

	    3.11
    The notation,
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	, where A = mass number and Z = atomic number, gives the



information needed to arrange the atomic symbols in the orders specified.



a.
Increasing atomic number: S, Cl, Ar, K






b.
Increasing mass number: Ar, K, Cl, S






c.
Increasing number of electrons: S, Cl, Ar, K






d.
Increasing number of neutrons: S, Cl, K, Ar

3.12
a.
F, O, N, C
b.
N, C, O, F
c.
F, O, C, N
d.
N, C, O, F

	3.13
For the notation,
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	, Z = number of protons = number of electrons, and



A = number of nucleons = number of protons + number of neutrons. 



A – Z = number of neutrons.






a.
24 protons, 29 neutrons, 24 electrons, 53 nucleons, 77 total subatomic particles


b.
101 protons, 155 neutrons, 101 electrons, 256 nucleons, 357 total subatomic particles

c.
30 protons, 37 neutrons, 30 electrons, 67 nucleons, 97 total subatomic particles


d.
20 protons, 20 neutrons, 20 electrons, 40 nucleons, 60 total subatomic particles

3.14
a.
44, 59, 44, 103,147
b.
16, 18, 16, 34, 50



c.
4, 5, 4, 9, 13
d.
2, 2, 2, 4, 6

3.15
The charge on an atom’s nucleus is positive and equal to the number of protons in the nucleus.
a.
+24
b.  +101
c.
+30
d.
+20

3.16
a.
+44
b.
+16
c.
+4
d.
+2

3.17
The elements are listed alphabetically, with their symbols and atomic numbers, in the table on 
the inside cover of your book.






a.
tin (Sn): Z = 50

b.
silver (Ag): Z = 47



c.
Z = 28: nickel (Ni)

d.
Z = 53: iodine (I)

3.18
a.
82
b.
4
c.
argon
d.
barium

	3.19
Use the notation,
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	, in which Z = number of protons = number of electrons, and



A = number of nucleons = number of protons plus number of neutrons. 


From the periodic table, for zirconium: Z = 40. 






For the heaviest isotope of zirconium: A = 96 






For the other isotopes: A = 94, 92, 91, and 90






The complete symbols are:

	
	[image: image4.wmf]4

0

9

6

Z

r

,

 

 

4

0

9

4

Z

r

,

 

 

4

0

9

2

Z

r

,

 

 

4

0

9

1

Z

r

,

 

 

4

0

9

0

Z

r




	3.20
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3.21
a.
False. Both sodium isotopes have the same number of electrons, 11.



b.
False. Both sodium isotopes have the same number of protons, 11, but a different number 

of neutrons (12 and 13).






c.
True. The total number of subatomic particles for 23Na is 34; for 24Na it is 35.


d.
True. These two isotopes of sodium have the same atomic number, 11.

3.22
a.
false
b.
false
c.
true
d.
true

3.23
a.
The mass number would not be the same for two different isotopes, because mass number 

is the total number of protons and neutrons; isotopes have the same number of protons but a 

different number of neutrons.






b.
The number of electrons would be the same for two different isotopes; isotopes differ only 

in the number of neutrons.






c.
The isotopic mass would not be the same for two different isotopes because isotopes differ
 
in the number of neutrons in the nucleus.






d.
This chemical property would be the same for two isotopes; chemical properties depend on 

the number of electrons in an atom.

3.24
a.
same
b.
same
c.
not the same
d.
not the same

3.25
An element’s atomic mass is calculated by multiplying the relative mass of each isotope by its 
fractional abundance and then totaling the products.





a.
0.0742 x 6.01 amu =
0.446 amu







0.9258 x 7.02 amu =
6.50   amu








6.946 amu  = 6.95 amu (answer is limited to the hundredths place)


b.
0.7899 x 23.99 amu =
18.95   amu








0.1000 x 24.99 amu =
2.499 amu








0.1101 x 25.98 amu =
2.860 amu









24.309 amu  = 24.31 amu (answer is limited to the hundredths place)

3.26
a.
0.5182 x 106.9 amu =
 55.40  amu








0.4818 x 108.9 amu =
 52.47  amu









107.87 amu







b.
0.9221 x 27.98 amu =
25.80   amu








0.0470 x 28.98 amu = 
  1.36   amu








0.0309 x 29.97 amu = 
  0.926 amu









28.086 amu = 28.09 amu (answer is limited to the hundredths place)

3.27
The elements are listed alphabetically with their symbols, atomic numbers, and atomic 
masses in the table on the inside cover of your book.





a.
iron (Fe): atomic mass = 55.85 amu
b.  nitrogen (N): atomic mass = 14.01 amu
c.
40.08 amu: calcium (Ca)
d.  126.90 amu: iodine (I)

3.28
a.
30.97
b.
58.69
c.
ruthenium
d.
neon

3.29
In the periodic table, a period is a horizontal row of elements and a group is a vertical column 
of elements. Use the periodic table on the inside cover of your book to identify these elements.
a.
Period 4, Group IIA: Ca
b.  Period 5, Group VIB: Mo


c.
Group IA, Period 2: Li
d.  Group IVA, Period 5: Sn

3.30
a.
H
b.
Au
c.
Sc
d.
Cl

3.31
Use the periodic table on the inside cover of your textbook to determine these numbers.

a.
The atomic number of carbon (C) is 6.







b.
The atomic mass of silicon (Si) is 28.09 amu







c.
The element whose atomic mass is 88.91 has an atomic number of 39.



d.
The element located in Period 2 and Group IIA has an atomic mass of 9.01 amu.


3.32
a.
12
b.
14.01 amu
c.
20.18 amu
d.
13

3.33
Elements in the same group in the periodic table have similar chemical properties. The 
following pairs of elements would be expected to have similar chemical properties.

a.
K and Rb are both found in Group IA.







b.
P and As are found in Group VA.







c.
F and I are found in Group VIIA.







d.
Na and Cs are found in Group IA.







3.34
a.
Na, Cs
b.
Ge, Sn
c.
Sr, Ba
d.
He, Ne

3.35
a.
Group is a vertical arrangement of elements in the periodic table.



b.
Periodic law states that the properties of the elements repeat in a regular way as atomic 


numbers increase.







c.
Periodic law is demonstrated by the chemical properties of the elements with atomic 


numbers 12, 20, and 38; these three elements are found in Group IIA.



d.
Carbon is the first element of Group IVA.

3.36
a.
period
b.
period
c.
period
d.
group

3.37
a.
Fluorine. Halogens are found in Group VIIA.






b.
Sodium. Alkali metals are found in Group IA.






c.
Krypton. Noble gases are found in Group VIIIA.





d.
Strontium. Alkaline earth metals are found in Group IIA.




3.38
a.
lithium
b.
argon
c.
calcium
d.
iodine

3.39
Check your periodic table to find the number of elements in these groups with an atomic 
number less than 40.







a.
Three elements. Halogens are found in Group VIIA.





b.
Four elements.  Noble gases are found in Group VIIIA.




c.
Four elements. Alkali metals are found in Group IA.





d.
Four elements. Alkaline earth metals are found in Group IIA.




3.40
a.
3
b.
3
c.
3
d.
3

3.41
Figure 3.6 shows the location of metals and nonmetals in the periodic table.


a.
No. Cl and Br are in Group VIIA and are nonmetals.





b.
No. Al (Group IIIA) is a metal and Si (Group IVA) is a nonmetal.



c.
Yes. Cu and Mo are both found in the metals section of the periodic table.


d.
Yes. Zn and Bi are both metals.

3.42
a.
no
b.
no
c.
yes
d.
no

3.43
Figure 3.6 shows the location of metals and nonmetals in the periodic table.


a.
S is a nonmetal; Na and K are Group IA metals.





b.
P is a nonmetal. Cu (Group IB) and Li (Group (IA) are both metals.



c.
I is a nonmetal (Group VIIA). Be and Ca are both metals.




d.
Cl is a nonmetal (Group VIIA). Fe and Ga are both metals. 

3.44
a.
H
b.
C
c.
F
d.
Se

3.45
a.
Ductility is one of the properties of a metal.







b.
Nonmetals have low electrical conductivity.







c.
Metals have high thermal conductivity.







d.
Nonmetals are good heat insulators.

3.46
a.
nonmetal
b.
metal
c.
nonmetal
d.
nonmetal

3.47
a.
Orbital. An electron orbital can accommodate a maximum of 2 electrons.


b.
Orbital. An electron orbital can accommodate a maximum of 2 electrons.


c.
Shell. Electron shells are numbered 1, 2, 3 and so on outward from the nucleus.


d.
Shell. Electrons within an atom are grouped into main energy levels called electron shells.

3.48
a.
shell
b.
subshell
c.
shell
d.
subshell

3.49
a.
True. The shape and size of an electron orbital are related to the energy of the electrons it 

accommodates.







b.
True. Orbitals in a subshell have the same energy although they differ in orientation.

c.
False. An s-subshell can have a maximum of two electrons, while an f-subshell can have up 

to 14 electrons.







d.
True. A p-subshell has a maximum of 6 electrons.

3.50
a.
false
b.
false
c.
true
d.
true

3.51
a.
2. An electron orbital can accommodate a maximum of 2 electrons.



b.
2. An electron orbital can accommodate a maximum of 2 electrons.



c.
6. The p-subshell has 3 electron orbitals and thus a maximum of 6 electrons.


d.
18. The third shell has 3 subshells: 3d (5 orbitals, 10 electrons), 3p (3 orbitals, 6 electrons) 

and 3s (1 orbital, 2 electrons).








3.52
a.
2
b.
2
c.
10
d.
8

3.53
An electron configuration is a statement of how many electrons an atom has in each of its 
electron subshells. Subshells containing electrons are listed in order of increasing energy using 
number-letter combinations. A superscript indicates the number of electrons in that subshell. 
Fig. 3.12 shows the order for filling electron subshells.





a.
Carbon has 6 electrons: 1s22s22p2
b.
 Sodium has 11 electrons: 1s22s22p63s1

c.
Sulfur has 16 electrons: 1s22s22p63s23p4
d.
 Argon has 18 electrons: 1s22s22p63s23p6
3.54
a.
1s22s22p6
b.
1s22s22p63s23p1




c.
1s22s22p63s23p64s1
d.
1s22s22p63s23p64s23d2
3.55
a.
Oxygen. Adding the numbers of electrons in the electron configuration (add the 


superscripts) gives a total of 8 electrons, which corresponds to the atomic number of 


oxygen.







b.
Neon. The total number of electrons is 10, which corresponds to the atomic number of 


neon.







c.
Aluminum. The total number of electrons is 13, and this is the atomic number of aluminum.
d.
Calcium. The total number of electrons is 20, and this is the atomic number of calcium.


3.56
a.
carbon
b.
sodium
c.
chlorine
d.
arsenic

3.57
Electron configurations are written as number-letter combinations in which the number is the
number of the shell and the letter is the name of the subshell. A superscript to the right of the
letter gives the number of electrons in the subshell. The filling order of electron subshells is 
given in Fig. 3.11. 







a.
1s22s22p63s23p5
b.
1s22s22p63s23p64s23d104p65s24d7

c.
1s22s22p63s23p64s2
d.
1s22s22p63s23p64s23d1
3.58
a.
1s22s22p63s23p64s23d104p2
b.
1s22s22p63s23p64s23d10



c.
1s22s22p63s23p64s23d104p65s1
d.
1s22s22p63s23p64s23d104p6
3.59
An orbital diagram is a statement of how many electrons an atom has in each of its electron 
orbitals. Electrons will occupy equal-energy orbitals singly to the maximum extent possible 
before any orbital acquires a second electron (as in parts a., c., and d. below).
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	3.60
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3.61
Write the electron configuration for the atom. Then decide how the electrons would be 
distributed in the last subshell.






a.
Three unpaired electrons. The electron configuration is 1s22s22p3. Since there are three 


electrons in the 2p subshell, each of the three 2p subshells will contain one unpaired 


electron.






b.
Zero. The electron configuration is 1s22s22p63s2. The last subshell (3s) contains two


electrons, the maximum for that subshell, and they are paired.




c.
One. The electron configuration is 1s22s22p63s23p5. The last subshell (3p) contains 5 


electrons; two of the orbitals are filled and the third contains 1 electron.



d.
Five. The electron configuration is 1s22s22p63s23p64s23d5. The last subshell (3d) contains 5 

electrons. Since there are five 3d orbitals, each contains one unpaired electron.

3.62
a.
1
b.
2
c.
0
d.
0

3.63
a.
No. From the electron configuration, we can see that the first element has one valence 


electron and would be in Group IA. The second contains two valence electrons and would 

be in Group IIA.






b.
Yes. Both elements have six valence electrons (Group VIA).




c.
No. The first element has three valence electrons, and the second has five valence electrons.
d.
Yes. Both elements have six valence electrons, and are in Group VIA.

3.64
a.
no
b.
no
c.
yes
d.
no

3.65
The distinguishing electron is the last electron added to the electron configuration for an 
element. Figure 3.12 relates area of the periodic table in which an element is found to the

distinguishing electron of its atom.






a.
The s area. The distinguishing electron for magnesium (1s22s22p63s2) is in the 3s orbital. 
b.
The d area. The distinguishing electron for copper (1s22s22p63s23p64s23d9) is in the 3d 


orbital.






c.
The p area. The distinguishing electron for bromine (1s22s22p63s23p64s23d104p5) is in the 4p 

orbital.






d.
The d area. The distinguishing electron for iron (1s22s22p63s23p64s23d6) is in the 3d orbital.

3.66
a.
p area
b.
s area
c.
p area
d.
d area

3.67
Figure 3.12 and the periodic table will give you the area and group to which the element 
belongs.






a.
p1. Aluminum is found in Group IIIA, which is the first column of the p area, which makes 

the distinguishing electron p1.  






b.
d3. Vanadium is found in Group VB, which is the third column of the d area, which makes 

the distinguishing electron d3.






c.
s2. Calcium is found in Group IIA, which is the second column of the s area, which makes 

the distinguishing electron s2.






d.
p6. Krypton is found in Group VIIIA, which is the sixth column of the p area, which makes 

the distinguishing electron p6.

3.68
a.
p6
b.
s1
c.
p3
d.
d10
3.69
Figure 3.13 gives a classification scheme for the elements according to their position in the 
periodic table.







a.
Phosphorus is a representative element.
b.
Argon is a noble gas.



c.
Gold is a transition element.
d.
Uranium is an inner transition element.

3.70
a.
representative
b.
transition
c.
representative
d.
noble gas

3.71
Totaling the electrons in the electron configuration gives the atomic number of each element. 
Use Figure 3.13 to classify the element in the correct block of the periodic table.


a.
Noble gas. The atom has 10 electrons; the element is neon.




b.
Representative element. The atom has 16 electrons; the element is sulfur.


c.
Transition element. The atom has 21 electrons; the element is scandium.


d.
Representative element. The atom has 20 electrons; the element is calcium.

3.72
a.
representative
b.
noble gas
c.
transition
d.
representative

3.73
A complete symbol is the atomic symbol for the element preceded by the mass number 
(number of protons plus neutrons) as a superscript and the atomic number (number of protons 
or electrons) as a subscript. 
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3.74
a.
same number of neutrons, 7







b.
same number of neutrons, 10







c.
same total number of subatomic particles, 54







d.
same number of electrons, 17

3.75
Isotopes have the same number of protons and electrons, but different numbers of neutrons.
a.
Atomic number is the same for two isotopes of an element.




b.
Mass number is different for two isotopes of an element because mass number includes the 

number of neutrons.






c.
Number of neutrons is different for two isotopes of an element.




d.
Number of electrons is the same for two isotopes of an element.

	3.76
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3.77
From the atomic number, we find that carbon has six electrons, hydrogen has one electron, and 
oxygen has eight electrons. Multiply the number of each atom in the molecule by the number 
of its electrons. Add these electrons together and multiply by nine molecules.


      9[(12 x 6) + (22 x 1) + (11 x 8)] = 1638 electrons

3.78
a.
Be, Al
b.
Be, Al, Ag, Au (the metals)


c.
N, Be, Ar, Al, Ag, Au
d.
Ag, Au

3.79
Both isotopes have the same number of electrons and therefore the same electron 
configuration, since isotopes differ only in the number of their neutrons.

3.80
a.
1s22s22p1 (B)
b.
1s22s22p63s23p1 (Al)



c.
1s22s1 (Li)
d.
1s22s22p63s23p3 (P)

3.81
a.
The element is 8O. Three completely filled orbitals would require at least 6 electrons: 


1s22s22p2. However, electrons go into the 2p orbitals singly until each of the three orbitals 

has one electron (3 electrons) and the fourth electron pairs with one of the other 2 p 


electrons. This requires a total of 8 electrons: 1s22s22p4





b.
The element is 10Ne. The first three subshells are 1s, 2s, and 2p, which require 10 electrons.
c.
The element is 30Zn. The first element with three filled shells also contains a filled 4s 


subshell because the 4s subshell is filled before the 3d subshell: 1s22s22p63s23p64s23d10

d.
The element is 12Mg. The first three s subshells are 1s, 2s, and 3s. The first element to have 

these three subshells filled has the electron configuration: 1s22s22p63s2
3.82
c

3.83
Statement c. is correct because the nucleus contains the protons, which have a positive 
charge.

3.84
b

3.85
Statement d. is the correct answer. An atom for a specific element always has the same 

number of protons.

3.86
a

3.87
The correct electron configuration is answer c. The total number of electrons for a calcium 
atom is 20.

3.88
b

3.89
Answer b. is correct. Si is located in Period 3 and Group IVA of the periodic table.

3.90
d

3.91.
Answer d. is correct. In Figure 3.14 we can see that the representative elements are the most 
numerous.
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