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CHAPTER 2 Atoms, Molecules, and lons

These exercises are divided into sections that deal with specific topics in the chapter. The exercises are grouped in pairs, with the answers given in
the back of the book to the odd-numbered exercises, as indicated by the red exercise numbers. Those exercises whose numbers appear in brackets
are more challenging than the nonbracketed exercises.

ATOMIC THEORY AND THE DISCOVERY OF ATOMIC STRUCTURE
(sections 2.1-2.2)

2.9 How does Dalton’s atomic theory account for the fact that

2.10

when 1.000 g of water is decomposed into its elements, 0.111 g
of hydrogen and 0.889 g of oxygen are obtained regardless of
the source of the water?

Hydrogen sulfide is composed of two elements: hydrogen and
sulfur. In an experiment, 6.500 g of hydrogen sulfide is fully
decomposed into its elements. (a) If 0.384 g of hydrogen is ob-
tained in this experiment, how many grams of sulfur must be
obtained? (b) What fundamental law does this experiment
demonstrate? (c) How is this law explained by Dalton’s atomic
theory?

2.11

2.12

A chemist finds that 30.82 g of nitrogen will react with 17.60 g,
35.20 g, 70.40 g, or 88.00 g of oxygen to form four different
compounds. (a) Calculate the mass of oxygen per gram of ni-
trogen in each compound. (b) How do the numbers in part (a)
support Dalton’s atomic theory?

In a series of experiments, a chemist prepared three different

compounds that contain only iodine and fluorine and deter-
mined the mass of each element in each compound:

Compound Mass of lodine (g) Mass of Fluorine (g)

4.75 3.56

7.64 3.43

3 9.41 9.86

(a) Calculate the mass of fluorine per gram of iodine in each
compound. (b) How do the numbers in part (a) support the

atomic theory?
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Summarize the evidence used by J. J. Thomson to argue that
cathode rays consist of negatively charged particles.

2.14 An unknown particle is caused to move between two electri-

cally charged plates, as illustrated in Figure 2.8. Its path is de-
flected by a smaller magnitude in the opposite direction from
that of a beta particle. What can you conclude about the
charge and mass of this unknown particle?

2.15 How did Rutherford interpret the following observations

made during his a-particle scattering experiments? (a) Most o
particles were not appreciably deflected as they passed
through the gold foil. (b) A few « particles were deflected at
very large angles. (c) What differences would you expect if
beryllium foil were used instead of gold foil in the a-particle
scattering experiment?

2.16 Millikan determined the charge on the electron by studying

the static charges on oil drops falling in an electric field
(Figure 2.5). A student carried out this experiment using sev-
eral oil drops for her measurements and calculated the charges
on the drops. She obtained the following data:

Droplet Calculated Charge (C)
A 1.60 X 107°
B 3.15 X 107
G 4.81 x 107¥
D

6.31 x 10717

(a) What is the significance of the fact that the droplets carried
different charges? (b) What conclusion can the student draw
from these data regarding the charge of the electron? (c) What
value (and to how many significant figures) should she report
for the electronic charge?

MODERN VIEW OF ATOMIC STRUCTURE; ATOMIC WEIGHTS
(sections 2.3-2.4)

2.17

2.18

2.19

The radius of an atom of gold (Au) is about 1.35 A. (a) Ex-
press this distance in nanometers (nm) and in picometers
(pm). (b) How many gold atoms would have to be lined up to
span 1.0 mm? (c) If the atom is assumed to be a sphere, what is
the volume in cm? of a single Au atom?

An atom of rhodium (Rh) has a diameter of about
2.7 X 1078 cm. (a) What is the radius of a rhodium atom in
angstroms (A) and in meters (m)? (b) How many Rh atoms
would have to be placed side by side to span a distance of
6.0 um? (c) If you assume that the Rh atom is a sphere, what is
the volume in m* of a single atom?

Answer the following questions without referring to Table 2.1:
(a) What are the main subatomic particles that make up the
atom? (b) What is the relative charge (in multiples of the elec-
tronic charge) of each of the particles? (c) Which of the parti-
cles is the most massive? (d) Which is the least massive?

2.20 Determine whether each of the following statements is true or

false. If false, correct the statement to make it true: (a) The nu-
cleus has most of the mass and comprises most of the volume
of an atom. (b) Every atom of a given element has the same
number of protons. (c) The number of electrons in an atom
equals the number of neutrons in the atom. (d) The protons in
the nucleus of the helium atom are held together by a force
called the strong nuclear force.

2.21 (a) Define atomic number and mass number. (b) Which of

these can vary without changing the identity of the element?

2.22 (a) Which two of the following are isotopes of the same ele-

ment: 1oX, 11X, 32X? (b) What is the identity of the element
whose isotopes you have selected?

2.23 How many protons, neutrons, and electrons are in the follow-

ing atoms: (a) “’Ar, (b) Zn, (c) "Ga, (d) ¥'Br, (e) "W,
(f) ?_43Am?

2.24 Fach of the following isotopes is used in medicine. Indicate

the number of protons and neutrons in each isotope: (a) phos-
phorus-32, (b) chromium-51, (c) cobalt-60, (d) technetium-
99, (e) iodine-131, (f) thallium-201.

2.25 Fill in the gaps in the following table, assuming each column

represents a neutral atom.
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2.31 Only two isotopes of copper occur naturally, $Cu (atomic

mass = 62.9296 amu; abundance 69.17%) and %Cu (atomic
mass = 64.9278 amu; abundance 30.83%). Calculate the
atomic weight (average atomic mass) of copper.

2.32 Rubidium has two naturally occurring isotopes, rubidium-85

Symbol 2Cr

Protons 25 82
Neutrons 30 64

Electrons 48 86

Mass no. 222 207

2.26 Fill in the gaps in the following table, assuming each column

represents a neutral atom.

Symbol 8570

Protons 38 92
Neutrons 58 49

Electrons 38 36

Mass no. 81 235

2.27 Write the correct symbol, with both superscript and subscript,

for each of the following. Use the list of elements inside the
front cover as needed: (a) the isotope of platinum that con-
tains 118 neutrons, (b) the isotope of krypton with mass num-
ber 84, (c) the isotope of arsenic with mass number 75, (d) the
isotope of magnesium that has an equal number of protons
and neutrons.

2.28 One way in which Earth’s evolution as a planet can be under-

stood is by measuring the amounts of certain isotopes in
rocks. One guantity recently measured is the ratio of 129%e to
130%e in some minerals. In what way do these two isotopes dif-
fer from one another? In what respects are they the same?

2.29 (a) What isotope is used as the standard in establishing the

atomic mass scale? (b) The atomic weight of boron is reported
as 10.81, yet no atom of boron has the mass of 10.81 amu.
Explain.

2.30 (a) What is the mass in amu of a carbon-12 atom? (b) Why is

the atomic weight of carbon reported as 12.011 in the table
of elements and the periodic table in the front inside cover of
this text?

(atomic mass = 84.9118 amu; abundance = 72.15%) and
rubidium-87 (atomic mass = 86.9092 amu; abundance =
27.85%). Calculate the atomic weight of rubidium.

2.33 (a) In what fundamental way is mass spectrometry related to

Thomson’s cathode-ray experiments (Figure 2.4)? (b) What
are the labels on the axes of a mass spectrum? (¢} To measure
the mass spectrum of an atom, the atom must first lose one or
more electrons. Why is this so?

2.34 (a) The mass spectrometer in Figure 2.12 has a magnet as one

of its components. What is the purpose of the magnet? (b) The
atomic weight of Cl is 35.5 amu. However, the mass spectrum
of Cl (Figure 2.13) does not show a peak at this mass. Explain.
(c) A mass spectrum of phosphorus (P) atoms shows only a
single peak at a mass of 31. What can you conclude from this
observation?

2.35 Naturally occurring magnesium has the following isotopic

abundances:
Isotope Abundance Atomic mass (amu)
Mg 78.99 % 23.98504
25Mg 10.00 % 2498584
ZGMg 11.01 % 25.98259

(a) What is the average atomic mass of Mg? (b) Sketch the
mass spectrum of Mg,

2.36 Mass spectrometry is more often applied to molecules than to

atoms. We will see in Chapter 3 that the molecular weight of a
molecule is the sum of the atomic weights of the atoms in the
molecule. The mass spectrum of H is taken under conditions
that prevent decomposition into H atoms. The two naturally
occurring isotopes of hydrogen are 'H (atomic mass =
1.00783 amu; abundance 99.9885%) and *H (atomic mass =
2.01410 amu; abundance 0.0115%). (a) How many peaks will
the mass spectrum have? (b) Give the relative atomic masses of
each of these peaks. (c) Which peak will be the largest and
which the smallest?

THE PERIODIC TABLE; MOLECULES AND IONS (sections 2.5-2.7)
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2.38

(]
W

For each of the following elements, write its chemical sym-
bol, locate it in the periodic table, give its atomic number,
and indicate whether it is a metal, metalloid, or nonmetal:
(a) chromium, (b) helium, (c) phosphorus, (d) zinc, (e) mag-
nesium, (f) bromine, (g) arsenic.

Locate each of the following elements in the periodic table;
give its name and atomic number, and indicate whether it is a
metal, metalloid, or nonmetal: (a) Li, (b) Sc, (c) Ge, (d) Yb,
(e) Mn, (f) Sb, (g) Xe.

For each of the following elements, write its chemical sym-
bol, determine the name of the group to which it belongs
(Table 2.3), and indicate whether it is a metal, metalloid, or
nonmetal: (a) potassium, (b) iodine, (c) magnesium, (d)
argon, (e) sulfur.

2.40 The elements of group 4A show an interesting change in prop-

erties moving down the group. Give the name and chemical
symbol of each element in the group and label it as a non-
metal, metalloid, or metal.

2.41 What can we tell about a compound when we know the empirical

formula? What additional information is conveyed by the molec-
ular formula? By the structural formula? Explain in each case.

2.42 Two compounds have the same empirical formula. One sub-

stance is a gas, whereas the other is a viscous liquid. How is it
possible for two substances with the same empirical formula
to have markedly different properties?

2.43 Write the empirical formula corresponding to each of the fol-

lowing molecular formulas: (a) Al;Brg, (b) CgHyg, () C4HgO,
(d) P40y, (e) CeH4Cly, (f) BsN3Hg.




