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in-Class Discussion Quastions

These qusstions are designed o be considered by groups
of students in class. Often these questions work well for
introducing a particular topic in class.

1. Which of the following is true about an individual atorn? Bx-
plain.
a. An individual atom should be considered to be a solid.
b. An individual atom should be considered to be a liquid.
¢. An individual atom should be copsidered to be a gas.
d. The state of the atom depends on which element it is.
e. An individual atom cannot be considered to be a solid, lig-

uid, or gas.

Justify your choice, and for choices you did not pick, explain
what is wrong with them.

2. You have gone back in time and are working with Dalton. He
is working on a table of relative masses, and these are his
data:

0.602 g gas A reacts with 0.295 g gas B
0.172 g gas B zeacts with 0.401 g gas C
0.320 g gas A reacts with 0.374 g gas c

2. Assuming simplest formulas (4B, BC, and AC), constract
a table of relative masses for Dalton.

Knowing some history of chemistry, you tell Dalton that if he

Finds the volumes of the gases at equal temperature and pres-

sure, he need not assume simplest formulas. You collect the

following data:

6 volumes gas A + 1 volume gas B —> 4 volames product
1 volume gas B + 4 volumes gas C — 4 volumes product
3 volumes gas A -+ 2 volumes gas C — 6 volumes product

b. Write out the simplest balanced equations, and find the ac-
tial relative masses of the elements. Explain your reason-
ing.

3. How would you go about finding the number of “chalk mole-
cules™ it takes to write your name on the board? Provide an ex-
planation of all you would need to do and a sample calcula-
fon. :

4. These questions concern the work of 1. J. Thomson.

a. From Thomson’s work, which particles do you think he
would feel are most important for the formation of com-
pounds (chemical changes) and why?

b. OF the remaining two subatomic particles, which do you
place second in importance for forming compounds and
why? ) .

c. Propose three models that explain Thomson's findings and
evaluate them. To be complete you should include Thom-
son's findings. '

5. Heat is applied to an ice cube in 2 closed container until only

" steam is present. Draw a representation of this process,
assuming you can see it af an extremely high level of mag-
nification. What happens to the size of the molecules? What
happens to the total mass of the sample?

6. You have a chemical in a sealed glass container filled with
air. The setup is sitting on a balance as shown below.
The chemical is ignited by means of a magnifying glass fo-
cusing sunlight on the reactant. After the chemical has com-
pletely burned, which of the following is true? Explain your
answer. '

a. The balance will read less than 2500 g.

b. The balance will read 250.0 g.

¢. The balance will read greater than 250.0 g.

d. Canpot be determined without knowing the identity of the
chemical. : .

7. You take three compounds consisting of two elements and de-

compose them. To determine the relative masses of X, ¥, and Z,
you collect and weigh the elements, obiaining the following data:

Elements in Compound Masses of Elements
Xand¥ X=04pg ¥Y=42¢
YandZ Y=14g Z=10¢g
Xand ¥ X=20gY=70g

a. ‘What are the assumptions in solving this problem?

b. What are the relative masses of X, ¥, and Z?

¢. What are the chemical formulas of the three compounds?

d. If you decompose 21 g of compouand XY, how much of
each element is present?

8. The vitarnin niacin (nicotinic acid, CgHgNOy) can be isolated
from a variety of natural sources such as liver, yeast, milk, and
whole grain. Tt also can be synthesized from commercially
available materials. Which source of nicotinic acid, from a nu-
tritional view, is best for use in a multivitammin tablet? Why?

9. One of the best indications of a useful theory is that it raises more
questions for further experimentation than it originally answered.
Does this apply to Dalton’s atomic theory? Give examples.

10. Dalton assumed that all atoms of the same element were iden-

tical in all their properties. Explain why this assumption is
not valid.

11. Bvaluste each of the following as an acceptzble name for

water:
a. dihydrogen oxide ¢. hydrogen hydroxide
b. hydroxide hydride 4. oxygen dihydride

12. Why do we call Ba(NO;), barium nitrate, but we call Fe(NOs),

iron(IT) nitrate?




13.

14.

Why is calcium dichloride not the correct systematic name
for CaCl,?

The common name for NH; is ammonia, ‘What would be the
systematic name for NH,? Support your answer.

A blue question or axercise number indicates that the answer
to0 that question or exercise appears at the back of this book
and a solution appears int the Solutions Guide.

Questions
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Use Dalton’s atomic theory to account for each of the
following.

a. the law of conservation of mass

b. the law of definite proportion

¢. the law of multiple proportions

What refinements had to be made in Dalton’s atomic theory
to account for Gay-Lussac’s results on the combining volumes
of gases? ‘

What evidence led to the conclusion that cathode rays had a
negative charge?

What discoverics were made by J. J. Thomson, Henri Bec-
querel, and Lord Rutherford? How did Dalton’s model of the
atom have to be modified to account for these discoveries?

. Do the proton and the newtron have exactly the same mass?

How do the masses of the proton and the neutron compare ¢
the mass of the electron? Which parficles make the greatest
contribution to the mass of an atom? Which particles make the
greafest contribution to the chemical properties of an atom?
Consider Ernest Rutherford’s alpha-particle bombardment ex-
periment illustrated in Figure 2.12. How did the resuits of this
experiment lead Rutherford away from the plum pudding
model of the atom to propose the nuclear model of the atom?

. What is the distinction between atomic number and mass

number? Between mass number and atomic mass?
Distinguish between the terms family and period in connec-
tion with the pedodic table. For which of these terms is the
term group also used?

. When hydzogen is burned in oxygen to form water, the com-

position of water formed does not depend on the amount of oxy-
gen reacted. Interpret this in terms of the law of definite pro-
portions.

The two most reactive families of elements are the halogens
and the alkali metals. How do they differ in their reactivities?

Exercisas

In this section simiiar exercises are paired.

Development of the Atomic Theory

25,

When mixtures of gaseous H, and gaseous Cl, react, a prod-

uet forms that has the same properties regardless of the rela-
tive amounts of H, and Cl, used.

" 26.

75

Exercises

a. How is this result interpreted in terms of the law of defi-
nite proportion? '

b. When a volume of H, reacts with an equal volume of Cl,
at the same temperature and pressure, what volume of
product having the formula HCI is formed?

A reaction of 1 liter of chlorine gas (Clk) with 3 liters of

fluorine gas (Fy) yields 2 liters of a gaseous product. All gas

volumes are at the same temperature and pressure. What is
the formula of the gaseous product?

]

27.

28.

Several compounds containing only sulfur (S) and fluorine
(F) are known. Three of them have the following composi-
tions:

i. 1.188 g of F for every 1.000 g of S

it, 2.375 g of F for every 1.000 g of S
iii. 3.563 g of F for every 1.000 g of §
How do these data illustrate the law of muitiple proportions?
Hydrazine, ammonia, and hydrogen azide all contain only ni-
trogen and hydrogen. The mass of hydrogen that combines
with 1.00 g of nitrogen for each compound is 1.44 X 107 g,
2,16 X 107" g, and 2.40 X 107% g, respectively. Show how
these data iflustrate the law of multiple proportions.

=)

29,

Early tables of atomic weights (masses) were generated by
measuring the mass of a substance that reacts with .00 g of
oxygen. Given the following data and taking the atomic mass
of hydrogen as 1.00, generate a table of relative atomic masses
for oxygen, sodium, and magnesium.

Mass That

Combines
Element with 1.00 g Oxygen Assumed Formula
Hydrogen 0.126 g HO
Sodium 2875 g NaQ
Magnesivm 1.500 g MgC

30.

How do your values compare with those in the pericdic table?
How do you account for any differences?

Indium oxide contains 4.784 g of indium for every 1.000 g
of oxygen. In 1869, when Mendeleev first presented his ver-
sion of the periodic table, he proposed the formula 1n,0; for
indinm oxide. Before that time it was thought that the for-
mula was InO. What values for the atomic mass of indivm
are obtained using these two formulas? Assume that oxygen
has an atomic mass of 16.00.

The Nature of the Atom

31

32.

From the information in this chapter on the mass of the pro-
ton, the mass of the electron, and the sizes of the nucleus and
the atom, calculate the densities of a hydrogen nucleus and a
hydrogen atom.

If you wanted to make an accurate scale model of the hydro-

gen atom and decided that the mucleus would have a diame-
ter of 1 man, what would be the diameter of the entire model?




34.
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33, In an experiment it was found that the total charge on an oil
drop was 5.93 X 1071 (. How many negative charges does
the drop contain?

A chemist in a galaxy far, far away performed the Millikan
oil drop experiment and got the following results for the
charges on various drops. Use these data to calculate the
charge of the electron in zirkombs.

7 68 X 107" zirkombs
6.40 ¥ 1071 zirkombs

2.56 % 1072 zirkombs
3.84 % 1072 zirkombs

35. What are the symbols of the following metals: sodium, beryl-
liurn, manganese, chrominm, uraninm?

36. What are the symbols of the following nonmetals: fluorine,
chlorine, bromine, sulfur, oxygen, phosphorus?

o

37. Give the names of the metals that correspond to the follow-
ing symbols: Sg, Ft, Co, Ni, Mg, Ba, K.

38. Give the names of the nonmetzals that correspond to the fol-
jowing symbols: As, I, Xe, He, C, SL.

S

39. List the noble gas elements. ‘Which of the noble gases hes
only radioactive isotopes? (This situation is indicated on ost
periodic tables by parentheses aronnd the mass of the ele-
ment. See inside front cover.)

40. Which lanthanide element and which trapsition element have
only radioactive isotopes? (See Exercise 39

41. In the periodic table, how many elements are found in
a. the second peried? c. the fourth period?
b. the third period? d. Group 3A7?

42. Tn the periodic table, how many elements are found in

a. Group 2A7 ¢. the nickel group?
b. the oxygen family? d. Group 8A?

43. Give the number of protons and neutrons in the pucleas of
gach of the following atoms:

a 2pu d. 3He
b. 5Cu e. $Co
e 2Cr £ 3Cr

44, How many protons and neutrons are in the nuclens of each
of the following atoms? In a pentral atom of each element,

how many electrons are present?

a. "Br d. Cs
h. BlBr e. 3H
e ®pu £ *Pe

45, Write the atomic symbol (5X) for each of the atoms described

below.

a Z=35, A=12 ,

b. the isotope with 7 protons and 8 neutrons in jts nucleus
c. atomic nammber = 17, number of neutrons = 18
~d. Z= 92, number of nentrons = 143

e. pumber of protons = 6, mMass oumber = 14

£. the isotope of phosphorus with 16 neutrons in its zucleus
Write the atomic symbol ¢X) for each of the following
isotopes.

46.

a. Z = 8; numnber of neutrons = °)

b. the isotope of chlorine in which A = 37

e. Z=21,A=60 )

d. number of protons = 26, number of neatrons = 31
e. the isotope of I with a mass number of 131

£ 7 =3, number of neufrons = 4

B ]

47 What is the symbol for an ion with 63 protoas, 60 electrons,

and 88 neutrons? If an ion contains 50 protons, 68 neutrons,
and 48 clectrons, what is its symbol?

48. What is the symbol of an jon with 16 protons, 18 neutrons,
and 18 electrons? What is the symbol for an ion that has 16
protons, 16 newrons, and 18 electrons?

49, Complete the following table:

Number of Number of

Protons in Neutrons in Number of Net

Symbol Nucleus Nucleus Electrons Charge
33 42 3+
127e? 54
16 16 16
81 123 1+

e

195

50. Complete the following table:

Number of Number of

Protons in Neutrons in Number of  Net

‘Symbo!  Nucleus Nucleus  Electrons Charge
20 20 2+
23 28 20
3Y
35 44 36
15 16 3

51. Classify the following elements as metals or nonmetals:

Mg Si Ro
Ti Ge Ba
Au B Am
Bi At Br

57, The distinction between metals and nonmetals is really not 2
clear one. Some elements, called metalloids, are intermediate
in their properties. Which elernents in Exercise 51 would you
reclassify as metalloids? What other clements in ihe periodic
table would you expect to be metalloids?




%, Which of the following sets of elements are all in the same
group in the periodic table?
a. Fe, Ru, Os c. Sn, As, S
b. Rh, P4, Ag d. Se, Te, Po

54, For each of the following sets of elements, label each as ei-
ther noble gases, halogens, alkali metals, alkaline earih met-
als, or transition metals.

a. Ti, Fe, Ag d. Ne, K1, Xe
b. Mg, Sr, Ba e. F,Br,1
c. Li, K, Rb ‘

T Consider the elements of Group 4A (the “carbon family”): C,
Si, Ge, Sn, and Pb. What is the trend in metallic character as
one goes down this group? ‘

6. ‘What is the trend in metallic character going from left to right
across a period in the periodic (able?

e

=7, Would you expect each of the following atoms to gain or lose
electrons when forming ions? What ion is the most likely in

each case?
a. Na c. Ba e Al
b. Sr d. 1 £ S

58. Would you expect each of the following atoms to gain or lose
electrons when forming jons? What fon is the most likely in

each case?
a. Ra c. P e. Br
b. In d. Te f Rb

Nomenclature

7). Name each of the following compounds:

a. NaCl c. CaS
bh. Rb,0O & Al
60. Name each of the following compounds:
a, Hg,0 c. CoS
b. FeBr; d. TiCl,
61, Name each of the following compounds:
a. Cr0, c. AlLO, e. CaBr;
b. Cr,0, d. NaH f. ZnCl,
62. Name each of the following compounds:
a. CsB ¢ ApS e. TiOy
b. Li,N d. MnO, f SriP,
i ]
“3. Name each of the following compounds:
a. KCio, . AlL{(804);
b. Ca(PO,),  d. Ph(NOy),

64. Name each of the following compounds:

a. BaSQ, ¢. KMnO,
__DNaNO,  d KCro,
s
1. Name each of the following compounds:
a.

QN

Exercises 77
c. PCL
d. NoF,
66. Name each of the following compounds:
a.

c. SO,
d. P,5;
o7, Name each of the following compounds:
a. Cul f. S4N4
b, Cul, g ST
c. Col, h. NaQCl
d. Na,CO, i. BaCrO,
e. NaHCO;  j. NHNO,
68. Name each of the following compounds:
a. HGH;0, g H,50,
b. NH,NO, h. St
c. Coy3, I AL(S0;);
d. IC1 j- Sn0;
e. Pb,{(PO,); k. Na,CrO,
f. KIO, I. HCIO

&%, Write the formula for each of the following compounds:
a. cesium bromide e. silicon tetrachloride
b. barium sulfate £ chlorine trifluoride
c. ammonium chloride g. beryllium oxide
d. chlorine monoxide h. magnesium fluoride

70. Write the formmla for each of the following compounds:
a. sulfur difluoride
b. sulfur hexafluoride
¢. sodinm dihydrogen phosphate
d, lithivm ndtride
e, chromium(II} carbonate
f. tin(il) fluoride
g, ammonium acetate
h. ammenium hydrogen sulfate
i. cobalt(IIl) nitrate k, potassium chlorate
j. mercory(l) chloride 1. sodiwmn hydride
71. Write the formula for each of the following compounds:
a. sodium oxide h. coppex(l} chloride
b. sodium peroxide i. gallium arsenide
¢. potassium cyanide }. cadmium selenide
d. copper(Il} nitrate k. zinc sulfide
e. selenium fetrabromide L mitrous acid
£ lead(I) sulfide m. diphosphorus pentoxide
g. lead(IV) sulfide i
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Write the formula for each of the following compounds:
a. ammonium hydrogen phosphate

b. mercury(l) sulfide

¢. silicon dioxide

d. sodiwm sulfite

e. aluminum hydrogen sulfate

f. mitrogen trichloride

g. liydrobromic acid

h. bromous acid

perbromic acid

j. potassium hydrogen sulfide

k. calcium jodide

1. cesipm perchlorate -

e

Additional Exercises

73,

74

?

76.

Chlosine has two natural isotopes: 3;C1 and ¥CL Hydrogen
reacts with chlorine to form the compound HCL Would a given
amount of hydrogen react with different masses of the two
chlorine isotopes? Does this conflict with the Jaw of definite
proportion? Why or why not?

Techpetium (Tc) was the first synthetically produced element.
Technetium comes from the Greek word for “artificial”. It was
first produced by Perries and Segre in 1937 in Berkeley,
California, by bombarding a molybdenum plate with *H nuclei.
Flemental technetium is produced from ammonitm pertechne-
tate. How many protons and neutrons are in the nuclei of #Te
and ®Tc? What js the formula of ammonium pertechnetate?

. Name the following acids fllustrated below.

QN
4];_‘;5
@o ¥

For each of the following joms, indicate the total aumber of
protons and electrons in the ion. For the positive ions in the

" list, predict the formula of the simplest compound formed be-

tween each positive jon and the oxide ion. For the
jons in fhe list, predict the formula of the simplest compound
formed between each negative ion and the aluppimum iomn.

a, Fe?t e 57
b. Fe* £ P
c. Ba®t g Br
d. cst b N7

negative’

77.

78.

79.

80.

82.

The formulas and common names for several substances are
given below. Give the systematic names for ‘these substances.

a. sugar of lead Pb{CH;0,),
b. blue vitrol CnuS0,

¢ quicklime Ca0

d. Fpsom salts MgS0,

e. milk of magnesia Mg(OH),

£ gypsum CaS0,

g. laughing gas N;O

Tdentify each of the following elements:

a. a member of the same family as oxygen whose most sta-
bie ion contains 54 electrons

b. a member of the alkali metal family whose most stable ion
contains 36 electrons

¢. anoble gas with 18 protoss in the nucleus

d. a halogen with 85 protons and 85 electrons

How many hydrogen atoms are there in 1 molecule of

CeH,,047 in 2 molecules of C,H,? in 3 molecules of CH,?in

4 molecules of HyP0,? in 6 molecules of H,0?

An element’s most stable jon forms an jonic compovnd with

bromine, having the formula XBr;. If the ion of element X

has a mass number of 230 and has 86 electrons, what is the

identity of the element, and bow many neutrons does it have?

. The designations 1A through 8A used for certain families of

the periodic table are helpful for predicting the charges on
ions in binary jonic compounds. In these compounds, the met-
als generally take on a positive charge equal to the family
number, while the nonmetals take on 2 negative charge equal
to the family number minus eight. Thus the compound be-
tween sodinm. and chlorine contzins Na* jons and C1~ ions
and has the formaula NaCl. Predict the formuia and the name
of the binary compound formed from the following pairs of
elements. '

a. Caand N e Baandl
b. K and O f. Al and Se
c. RbandF g Csand P
d. Mg and 8 h. In and Br

By analogy with phosphorous compounds, name the follow-
ing: NagAsOy, HaAsOy, Mg(SbOy4) -

Challenge Problems

83.

34.

The elements in one of the groups in the periodic table are
often called the coinage metals. Identify the elements in this
group based on your OWn experience.

A combustion reaction involves the teaction of a substance
with oxygen gas. The complete combustion of any hydrocar-
bon (binary compound of carbon and hydrogen) prodaces
carbon dioxide and water as the only products. QOctane is a
hydrocarbon that is found in gasoline. Complete combustion
of octane produces 8 liters of carbon dioxide for every 3 liters
of water vapor (both measured at the same temperature and




