Answers

(a) {onlic; yes

(b) NaCl

(c) molecular; ICl;; iodine trichloride; no

(d) Atomic numbec of Na s 1); atomic number
of Clis 17.

(e} fiNa

(f} Na: Group l, period 3; metal
Cl: Group 17, period 3; nonmetal

(g) 20

(h) 36.96amu

M Laxw®

() 5887X107"g

(k) AICly: aluminum chloride

(I} ClOy chlorine dioxide
ClO,™: chiorite ion
HCIO,: chlorous acid
NaClOy sodlum chlorite

CHAPTER &

Questions and Problems

Blue-numbered questions have answers in Appendix 5 and fully worked
solutions in the Student Solutions Manual.
WL Interactive versions of these problems are assignable in OWL.

Atomic Theory and Laws

L State in your own words the law of conservation of mass. State the law in
A jts modern form.
t 3, State in your own words the [aw of constant campositien.
] 3. Two hasic laws of chemistry ave the law of conservation of mass and the
law of constant composition. Which of these laws (if any) do the following
statements illustrate?
{a) Lavoisier found that when mercury(Il) oxide, HgO, decomposes, the
total mass of mercury (Hg) and oxygen formed equals the mass of
mercury(1l) oxide decompased.
{b) Analysls af the calcium carbonate found in the marble mined in
Carrary, Italy, and in the stalactites of the Carlsbad Cavesns in New Mex-
ico gives the same value for the percentage of calcium in ‘calcium
carbanate.
(c} Hydrogen occurs as a mixture of two isotopes, one of which is twice
as heavy as the other.
Which of the laws described in Question 3 do the following statements

2T,

(a) A sealed bag of popcorn has the same mass before and after it is put
In a microwave oven, {Assume no breaks develop in the bag.)

{b) Hydrogen has three isotopes. One hes 2 mass number A equal to its
atomic number Z. In another isotope, A = 2Z, and in a third, 4 = 3Z.
{c} A teaching assistant writes “highly improbable” on a student’s re-
port that states thet her unknown is Cuy 304 4

Nuclear Symbols and Isotopes

12 Who discovered the electron? Describe the experiment that led to the
eduction that electrons are negatively charged particles.
Whe discavered the nucleus? Describe the experiment that led to this

7 ‘;:‘;l::iurfl:ois widely sold as a dietary supplement. It is advertised to “pro-
b 2 1 from breast cancer. Write the nuclear symbal for naturally occur-
Y:t:lm It has 34 protons and 46 neutrons.
um.!

: 90 is used in the treatment of cancer, particularly non-
( ymphoma.
. ﬂ)} :I]nw many protons are there in an atom of Y-90¢

"( d V\: W many neutrons?
tite the nuclear symbol (9X) for Y-90.

A How do the s
. . : .
Symbols for(;J:g:.s 0f Cu-63 and Cu-65 differ from each other? Write

Consid y
| .wr;l'hvu Isotopes Fe-54 and Fe-56.
i TYrite the nuclear symbgl for bot

) How 4 h isotapes.
i © they differ from eachy other?

1. Uranium-235 is the isotope of uranium commonly used in nuclear
power plants, How many
(a) protons are in its nucleus?
(b} neutrons are in its nucleus?
(c) electrons are in a uranium atom?
12. Anisotope of americium (Am) with 146 neutrons is used in many smake
alarms.
(a) How many electrons does an atom of americium have?
{b) What is the isotope’s mass number A?
{c) Write its nuclear symbol,
13, Consider the following nuclear symbols. How many protons, neutrons,
and electrons does each element have? What elements do R, T, and X
represent?
@R (BT (U
14. Consider the following nuclear symbols, How many protons, neutrons,
and electrons does each element have? What elements do A, L, and Z
represent?
(a) A (b) L (© Yz
15. Nuclei with the same mass number but different atomic numbers are
called isobars, Consider Ca-40, Ca-41, K-41 and Ar-4L
{a} Which of these are isobars? Which are isotopes?
{b) What do Ca-40 and Ca-41 have in common?
{¢) Correct the statement (if it is incorrect): Atoms of Ca-41,K-41,and
Ar-41 have the same number of neutrens.
16. See the definition for isobars in Question 15. Consider boron-12, and
write the nucleat symbol for
(a) an isobar of boron-12 with atomic number 6.
{b) a nucleus with 4 protons and 8 neutrons.
Is this nucleus an isatope or an iscbar of boron-12?
{¢) a nucleus with 5 protons and 6 neutrons.
Is this nucleus an isotope or an isobar of boron-12?

Atomic Masses and Isotopic Abundances

17. Calculate the mass ratio of a bromine atom to an atom of

{a) neon (b) calcium {c) helium

> 18, Arrange the following in order of increasing mass.

{a) asodium ton {b) aselenium atom

{c)} asulfur(S¢) molecule  (d) 2 scandium atom
19. Cerium is the most sbundant rare earth metal. Pure cerium ignltes when
scratched by even a soft object. It has four known isotopes; “5Ce (atomic mass
= 135,907 amu), M*Ce (stomic mass = 137.905 amu), #Ce (atomic mass =
139.905 amu), and 4*Ce (stomic mass = 141.909 amu). Ce-140 and Ce-142 are
fairly abundant. Which is the more abundant isotope?
20. Considet the three stable isolopes of oxygen with their respective
atomic masses: O-16 (15.9949 amu), 0-17 (16,9993 amu), O-18 (17.9992 amu).

Which Is the most abundant?
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21.  Goallium has two naturally occurring isotopes: °Ga, with atomic mass
68.9257 amu, and "Ga, with atomic mass 70.9249 amu. The percent obun-
dance of ®*Ga can be estimated to be which of the following?

(1) 0%  (b) 25% (<) 50%  (d) 75%
22. Rubidium has two naturally accurring isotopes: **Rb (atomic mass =
B84.9118 amu) and “'Rb (atomic mass = 86.9092 amu). The percent abundance
of Rb can be estimated to be which of the following?

(a) 0%  (b) 25%  {c) 50%  (d} 75%
23. Strontium has four isotopes with the following masses: 83.9134 amu
(0.56%), 85.9094 amu (9.86%), 86.9089 amu (7.00%), and B87.9056 amu
(82.58%). Calculate the average atomic mass of strontium.
24, Silicon is widely used in the semiconductor industry. Its isotopes and
abundances are:

S8i-28 27.977 amu 92.34%
5i-29 28.977 amu 4.70%
Si-30 29.974 amu 2.96% -

What is the average atomic mass of silicon?
25. Naturally occurring silver (Ag) consists of two isotopes. One of the iso-
topes has a mass of 106.90509 amu and 51.84% abundance. What is the atomic
mass of the other isotope?
26. Copper has two naturally occurring isotopes. Cu-63 has an atomic mass
of 62.9296 amu and an abundance of 69.17%. What is the atomic mass of the
second isotope? What is its nuclear symbol?
27. Chromium (average atomic mass = 5..9961 amu) has four isotopes.
Their masses are 49.94605 amu, 51.94051 amu, 52.94065 amu, and 53.93888
amu. The first two isolopes have a total abundance of 87.87%, and the last
isotope has an abundance of 2.365%. What is the abundance of the third iso-
tope? Estimate the abundances of the first two isotopes.
28. Magnesium (average atomic mass = 24.305 amu) consists of three iso-
topes with masses 23.9850 amu, 24.9858 amu, and 25.9826 amu. The abun-
dance of the middle isotope is 10.00%. Estimate the abundances of the other
isotopes.
29. Neon consists of three isotopes, Ne-20, Ne-21, and Ne-22. Their abun-
dances are 90.48%, 0.27%, and 9.22%, respectively. Sketch the mass spectrum
for neon.
30. Chlorine has two isotopes, Cl-35 and Cl-37, Their abundances are
75.53% and 24.47%, respectively. Assume that the only hydrogen isotope
present is H-1.
(o) How many different HCI molecules are possible?
{b) What is the sum of the mass numbers of the two atoms in each
molecule?
(c} Sketch the mass spectrum for HCI if all the positive ions are ob-
tained by removing a single electron from an HCl molecule.
31 Lead is a heavy metal that remains in the bloodstream, causing mental
retardation in children, It is believed that 3 X 1077 g of Pb in 1.00 mL of blood
is a health hazacd. For this amount of lead how many atoms of lead are there
in one mL of a child's blood?
32, Silversmiths are warned to limit their exposure to silver in the air to
1 X107 g Ag/L of air in a 40-hour weck. What is the allowed exposure in
terms of atoms of Ag/Liweek?
33. Determine

(a) the number of atoms in 0.185 g of palladium (Pd). +

(b} the mass of 127 protons of palladium.
How many protons are in
(2} ten atoms of platinum?
(b) ten grams of platinum?
35. ‘The isolope 5i-28 has a mass of 27.977 amu. For ten grams of §i-28,
calculate
{a) the number of atoms,
{b) the total number of pretons, neutrans, and electrons.

34,
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36.  Cansider an isotope of yttrium, Y-90. This isotope is incorporageq into
cancer-secking antibodies so that the cancer can be irradiated by the Pitriyy,
and destroyed. How many neutrons are in y
{a) twenty-five atoms of yitrium?
(b) one nanogram (10~* g) of yttrium?
37. A cube of sodium has length 1.25 in. How many atoms are in that Clthe
(Note: dy, = 0.968 g/em?,)
38. A cylindrical piece of pure copper (d = 8.92 gfem?} has diamete,
L15cmand height 4.00 inches. How many atoms are in that cylinder? (Note, the
valume of a right circular cylinder of radius r and height kis V = 7

eazk Ll

Elements and the Periodic Table
39, Give the symbols for

R 1

(a) potassium (b) cadmium () aluminum e
(d) antimony (¢) phosphorus

40. Name the elements represented by
(a) 5 (b) Sc {c) Se (d) Si {e) Sr

41. Classify the elements in Question 39 as metals (main group, transition,
or post-transition), nonmetals, or metallojds.

42.  Classify the elements in Question 40 as metals (main group, transition,
or post-transition), nonmetals, or metalloids,

43, How many metals are in the following groups?

(a) Group 1 (b} Group13  (c) Group 17
44. How many nonmetals are in the following periods?
(o) period2  (b) period4  (c} period6

45, Which group in the perfodic table
(a) has one metalloid and no nonmetals?
{b) has no nonmetals or transition metals?
{c) has no metals or metalloids?
46. Which period of the periodic table
(a) has no metals?
(b} has no nonmetals?
() has one post-transition metal and two metalloids?

Molecules and lons

47. Given the following condensed formulas, write the molecular formulas
far the following molecules,
(a) dimethylzmine (CH,),NH
(b) propyl aleohol CH,(CH;,),0H
48. Write the condensed structural formulas and molecular formulas for the
following malecules. The reactive groups are shown in red.
1
(a) H—(ij—?=0
H O—H
H

I
(b) H—(lz-m

H

49. Give the number of protons and electrons in

{») an N, molecule (identified in 1772).

(b) an N,~ unit (synthesized in 1890).

() an Nu* unit (synthesized in 1999).

(d) an NsNq salt (a US. Air Force research team’s synthesis project),
50. Give the number of protons and electrans in the fallowing:

{a) Sy molecule. (b} 504 ion.

(c) H:S malecule, {(d} §* ion.

(acetic acid)

(inethyl chloride)
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{able below. (f necessary, use the periodic table.
B ‘h‘ ' number of  Numberof  Number of
charge Protons Neutrons  Electrons
0 9 10
o — i6
+3 27 30
16 16 18

= _;Ic:c the table below. Use the periodic table if necessary.
'om i

T Numberof  Numberof  Number of
Charge Protons Neutrons  Electrons
== N
-3 7 7
+5 33 42

Classify the following compounds as electrolytes ar nonelectrolytes.
(a) potassium chloride, KCl  (b) hydrogen peroxide, H,0,

{c) methane, CH, (d} barium nitrate, Ba{NQ,),
Which (if any} of the following compounds are nonelectrolytes?

(a) citricacid (CsHaOr)

{b) calclum nitrate, Ca(NG,);

(¢} ammonium carbonate, (NH,),CO;

{d) todine tribromide (IBr3)

th
.

Names and Formulas of lonic
and Molecular Compounds

55.  Write the formulas for the following molecules.
() methane {b) carbon tetraiodide
(c} hydrogen peroxide  (d) nitrogen oxide
{e} silicon dioxide

56. Write the formulas for the following molecules.
{a) water (b) ammonia
(c) hydrazine  (d) sulfur hexafluoride
(¢) phosphorus pentachloride

57.  Write the names of the following molecules.

@I, (b)) NOy, () PH, (d) CBr, (e} SO,
58.  Wiite the narnes of the following molecules.
(a) Se,Cl, (b) CS; (c) PH, {d) IF; () PO,

59.  Give the formulas of all the compounds containing no ions other than
K*, Ca®*, CI-, and §%-,
60. Give the formulas of compounds in which
(2) the cation is Ba®*, the anion is I~ or N*~.
{b) the anion is 0=, the cation is Fe?* or Fe**.
6L Write the formulas of the following ionic compounds.
(a) iron(ill) carbonate  (b) sodium azide {N,")
(c) calcium sulfate (d) copper(l) sulfide
(¢) lead(IV) oxide
62.  Write formulas for the following ionic compounds: -
(*) potassium hydrogen phosphate (b) magnesium nitride
(c) lead(1V) bromide (d) scandium{11I) chloride
(¢} barium acetate
63.  Write the names of the following ionic compounds,
(o) K,Cr,0; (b) CuPQ,); (e} Ba(C;H,0,),
(d) AIN (e) Co(NQ,}),

61, Write the names of the following ionic compounds.
(a) ScCl;  (b) Sr{OH); () KMnO,
(d} Rb;S {e) Na,CO,

65.  Write the names of the following ionic compounds.
(a} HCl(ag) {b) HClOy(agq)  (c) Fey(50,),
(d) Ba(NO;);  (e) NaClO

66. Write formulas for the following jonic compounds.
(a) nitric acid (b) potassium sulfate
(c) iron{Il1) perchlorate {d} aluminum iodate
{e) sulfurous acid

67. Complete the following table.

Name Formula
nitrous acid

Ni(103)z
gold(il) suifide

Hz504(aq)
nitrogen triflucride

68. Complete the following table.

Name Formula
sodium dichromate

Bl’lg
copper(Il) hypochlorite

S:Cla

potassium nitride

Unclassified

69. Write the formulas and names of the following:
{a) An jonic compound whose cation is a transition metal with
25 protons and 22 electrons and whose anion is an oxoanion of nitrogen
with two oxygen atoms.
(b} A molecule made up of a metalloid in Group 13 and three atoms of
a halogen in period 2.
(¢) Anionic compound made up ofan alkaline earth with 20 protons, and
an anion with one hydrogen atom, a carban atom, and 3 oxygen atoms.
70. Identify the following elements:
{(2) A member of the same period as selenium but with two fewer pro-
tons than selenium.
(b) A transition metal i group 6, period 6.
(c} An alkaline earth with 38 protans.
(d) A post-transition metal in group 15.
7L Hydrogen-1 can take the form of a molecule, an anion (H™), or a cation
(H").
(2} How many protons, electrons, and neutrons are in each possible
species?
{b) Write the name and formula for the compound formed between hy-
drogen and a metal in Group 2 with 12 protons.
{c) What is the general name of the aqueous compounds in which hy-
drogen is a cation?
72, Amolecule of ethylamine is made up of two carbon atoms, seven hydro-
gen atoms, and one pitrogen alom.
(n) Write its molecular formula,
(b) The reactive group in ethylamine is NH,. Write its condensed struc-
tural formula,
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73. Criticize each of the following statements.
(a) In an ionic compound, the number of cations is always the same as
the number of anions.
(b) The molecular formuta for strontium bromide is SrBry.
{c) ‘The mass number is always equal to the atomic number.
(d} Forany lon, the number of electrons is always more than the number
of protons.
=4, Which of the following statements is/are always true? Never true? Usu-
ally true?
{a) Compounds containing chlorine can be sither molecular or jonic.
(b) An fonic compound always has at least one metal.
{c) When an element in 2 molecule has a “di” prefix, it means that the
element has a +2 charge.
75. Some brands of salami contain 0.090% soditm benzoate (NaC,HsOz) as
a preservative. If you eat 6.00 02 of this salamt, how many atoms of sodium
will you consume, assuming salaml contains no other source of that
element?
26. Carbon tetrachloride, CCly, was a popular dry-cleaning agent until it
wis shown to be carcinogenic. It has a density of 1.589 gfem’. What volume of
carbon tetrachloride will contain a total of 6.00 % 10% molecules of CCly?

Conceptual Problems

77. Which statements are true?

{a) Neutrons have neither mass nof charge.

{b) Isotopes of an element have an identical number of protans.

{¢) C-14and N-14 have identical neutron/proton (nfp*) ratios.

{d) The vertical columnsin a periodic table are referred to as “groups.’

{e) When an atom loses an electron, it becomes positively charged.
78. A student saw the following nuclear symbol for an unknown element:
3. Which of the following statements about X and § X are true?

(n) Xissodium.

(b) X is vanadium.

{c) X has 23 neutrons in jts nucleus.

{d) X2+ has 13 electrons.

{e) }}X has a proton/neutron ratio of about 1.1,
79, Using the laws of constant compasition and the conservation of mass,
complete the molecular picture of hydrogen molecules {Q—O) reacting with
chlorine molecules (00— 0) to give hydrogen chloride (00— Q) molecules.

s S —
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40. Use the law of conservation of mass to determine which numbered
box(es) represent(s) the product mixture after the substances in the box at the
top of the next column underge reaction.

9 i |
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81, If squares represent carbon and spheres represent chlorine, make a rep-
resentation of liquid CCl,.

82. If squares represent Cl aloms and spheres represent K atoms, make a
representation of a KCl crystal.
83. Scientists are irying to synthesize elements with more than 114 protons.
State the expected atomic number of

() the newest inert gas.

{b) thenew element with properties similar to those of the alkaline earth

metals.

(c) the new element that will behave like the halagens.

(d) the new (nontransition) metal whose ion will havea +2 charge.

(¢) the new element that will start period 8.
84. Write the nuclear symbol for the element whose mass number is 234 and
has 60% more neutrans than protons.
85. Mercury(Il) oxide, a red powder, can be decomposed by heating to pro-
duce liquid mercury and oxygen gas. Whena samyle of this compound s de-
composed, 3.87 g of oxygenand 4843 g of mercury are produced. Ina secand
experiment, 15.68 g of mercury is allowed to react with an excess of oxygen
and 16.93 g of red mercury(I) oxide is produced. Show that these results are
consistent with the law of constant composition.
86. Write the atomic symbol for the element whose ion hasa —2 charge, has
20 more neutrans than electrons, and has a mass number of 126,




g7, Consider the elements oxygen, fluorine, argon, sulfur, potassium, and
strontium. From this group of elements, which anes fit the descriptions below?
(a) Two elements that are metals.
{b) Four elements that are nonmetals.
{¢) Three elements that are solid at room temperature.
(d) An element that is found in nature as X,
{e) Onepairof elements that may form a molecudar compound.
(f) One pair of elements that may form an jonic compound with for-
mula AX.
(g) One pair of elements that may form an fonic compound with for-
|'I'I.|.|.|B H}.
{h) One pair of elements that may form an ionic compound with for-
ml.l.lﬂ A;x.
{i) Anelement that can form no compounds.
() Three clements that are gases at room temperature.

Challenge Problems

8. Three compounds containing only carbon and hydrogen are analyzed.
The results far the analysis of the first two compounds are given below:

_Cumpound Mass of Carbon{g)  Mass of Hydrogen (g)
A 285 239
8 347 ne

C 16.2 —

Which, if any, of the following results for the mass of hydrogen in compound
€ follows the law of multiple proportions?
{a) 584 g {b) 347 g (c) 2728

89. Ethane and cthylene are two gases containing only hydrogen and car-
bon atoms. In a certaln sample of ethane, 4.53 g of hydrogen is combined with
18.0 g of carbon. Ina sample of ethylene, 7.25 g of hydrogen is combined with
43,20 g of carbon.

(a) Show how the data illustrate the law of multiple proportions.

(b) Suggest reasonable formulas for the two compounds.
90. Calculate the average density of a single Al-27 atom by assuming that it
is a sphere with a radius of 0.143 nm. The masses of a proten, electron, and
neutron are 16726 X 101 g, 9.1094 X 107 g, and 1.6749 X 107 g, respec-
tively. The volume of a sphere is 4mPf3, where r is its radius. Express the
answer in grams per cubic centimeter. The density of aluminum is found ex-
perimentally to be 2.70 glem’. What does that suggest about the packing of
aluminum atems in the metal?
91. The mass of a beryllium atom is 14965 X 107 g. Using that fact and
other information in this chapter, find the mass of a Be** lon.
92. Eachtime you inhale, you take in about 500 ml (two significant figures)
of air, each milliliter of which contains 2.5 X 10¥ molecules. In delivering the
Gettysburg Address, Abraham Lincoln is estimated to have inhaled about
200 times.

{a) How many molecules did Lincoln take in?

(b) In the entire atmosphere, there are about 1.1 X 104 molecules.

What fraction of the molecules in the earth’s atmosphere was inhaled by

Lincoln at Gettysburg?

{c) In the next breath that you take, how many molecules were Inhaled

by Lincoln at Gettysburg?
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Summary Problem

Consider titanium. It is a metal with the same strength as steel, but it is 45%
lighter, It is also resistant to corrosion by seawater and is used in the propelles
" shafts of boats.

@

®)

(<)

)

(e}

{H

How many grams of titanium are there in 0.0217 mal?
Write the formula for titanium(III) chloride. What is its molar mass?

A 175.0-mL solution is made up of 20.0 g of titanjum(I1l) chloride and
water. What is its molarity? What is the molarity of the chloride ion in
solution?

When titanium reacts with bromine gas, titanium(IV} bromide is ob-
tained. Weite a balanced equation for this reaction.

How many grams of bromine are required to completely react with"
22.1 g of titanfum?

Thirteen grams of titanium react with 60.0 g of bromine. How many
grams of titanjum(IV) bromide are produced, assuming 100% yield?
How many grams of excess reactant ace present after the reaction?

(g)

{h)

M

The reaction in (f) is later found to have 79.3% yield, How many grams
of titanium(IV) bromide are actually abtained?

The mineral perovskile is an excellent source for titanium. It is made up
of 29.4% Ca, 35.2% Ti, and 35.3% O. What is the simplest formula for
perovskite?

How many kilograms of the mineral are required to produce 5.00 kg of
titanium? '

Answers

(a)
(d)
(f)
(g

L04g {b) TiCl;; 154.22 g/mel (c) 0.7M4IM;222M
Ti(s} + 2 Br,(g) — TiBry(s) (e) H8g

69.0 g TiBry; 4.01 g of Tileft after reaction

54.7g (h} CaTiO, (i) 142kg

CHAPTER. 3

Questions and Problems

Blue-numbered questions have answers in Appendix 5 and fully worked
solutions in the Student Solutions Manual.
WWL Interactive versions of these problems are assignable in OWL.

The Mole, Molar Mass, and Mole-Gram
Conversions

L

One chocolate chip used in making chocolate chip cookies has a mass

of0.324 5.

2

3

4,

5.

(1) How many chacolate chips are there in one mole of chocolate chips?
(b} If 2 cookie needs 15 chocolate chips, how many cookies can one
make with a billionth {1 X 10~ of a mole of chocelate chips? (A bil-
lionth of a mole is scientifically known as a nanomole.)
‘The meat from one hazelnut has a mass of 0.985 g.
(2) What is the mass of a millionth of a mole {10~%) of hazelnut meats?
(A millionth of a mole is also called a micromole.)
« (b} How many moles are in a pound of hazelnut meats?
Determine
(a) the mass of 0.357 mol of gold,
(b) the number of atoms in 0.357 g of gold.
{c) the number of moles of electrons in ¢.357 g of gold.
How many electrons are in
(a) an ion of S¢**?
{b) a mol of 5c%*?
{c) a gram of S¢*'?
A cube of sodium has length 1.25 in. How many atoms are in that cube?

(Note: dy, = 0.968 g/em".)

6.

A cylindrical plece of pure copper {d = B.92 g/cm’) has dismeter

1.15 cm and height 4,00 inches, How many atoms are in that cylinder? (Note: the
volume of a right circular cylinder of radius r and height it is V = arh.)

7.

84

Calculate the molar masses (in grams per mole) of
(a) cane sugar, C\;H;,0,,.

{b) laughing gas, N,0.

(c) vitamin A, C;H;,0.
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8.

R

1L

12,

13.

(2
(b}
()
(d)

Calculate the molar mass (in grams/mol) of

(a) osmium metal, the densest naturally occurring element.

(b) baking soda, NaHCO,.

(¢) vitamin D, C33H,O, required for healthy bones and teeth.

Convert the following to moles.

(a) 4.00 X 10° g of hydrazine, a rocket propellant

{b) 12.5 g of tin(11) fluoride, the active ingredient in fluoride toothpaste
(c) 13 g of caffeine, C;H;N;0

Convert the following to moles.

{a) 35.00 g of CF,Cly, a chlorefluorocarbon that destrays the ozone
layer in the atmosphere

{b) 100.0 mg of iron{ll} sulfate, an iron supplement prescribed for
anemia

{c) 2.00 g of Valium® (CysH,;CIN,O —diazepam)

Calculate the mass in grams of 2.688 mol of

{a) chlorophyll, CysHyN,OsMg, responsible for the green color of
leaves.

{b} sorbitol, CoH;,0, an artificial sweetener.

{¢) indigo, CysH gN;0s, a blue dye.

Calculate the mass in grams of 1.35 mel of

(a) titanium white, TiOy, used 25 a paint pigment.

(b} sucralose, C;;H s0aCl;, the active ingredient in the artificial sweet-
ener, Splenda™.,

(c) strychnine, CxH3 N0, present in rat poison.

Complete the following table for TNT (trinitrotoluene), C;Hs(NO;),.

Number of
N Atoms

Number of
Molecules

Number of
Moles

Number of
Grams

127.2

09254

1.24 % 102

75 % 1022




™ Complete the following table for citric acid, C,H,;0;, the acid found in

many citrus fruits.
pumberof  Number of Number of  Number of
Grams Moles Molecules O Atams
(a 01364
v — 1.248
Q0 — — 4,32 x 10*2
d — 5,55 % 1019

Moles in Solution

15. Household ammonia used for cleaning contains about 10 g (two signifi-
cant figures) of NHj in 100 mL (two significant figures) of solution. Wihat is
the molarity of the NH, in solution?
16. Theaverageadult has about 16 g of sodium fons in her blood. Assuming
atotal blood velume of 5.0 L, what is the molarity of Na* lans In bload?
17. Whatisthe molarity of each lon present in aqueous solutions prepared
by dissolving 20.00 g of the following compounds in water to make 4.50 L of
solution?
{a) cobalt{11) chloride
{b) nickel(ED) sulfate
{c} sodium permanganate
(d) icon(1i) bromide
18. What is the molarity of each ion present in an aqueous sclution pre-
pared by dissolving 1.68 g of the following compounds in enough water to
make 275 mL of solution?
(a} iron(lII} nitrate
(b} potassium sulfate
{c) ammonium phosphate
(d) sodium hydrogen carbonate
19. How would you prepare from the solid and pure water
{a) 0.400Lof0.155 M Sr(OH),?
{b) 1.75 Lof 0.333 M (NH,),COz
20. Starting with the solid and ndding water, how would you prepare 2.00 L
0f0.685 M
{a) Ni{NO,);? {b} CuCl;? (¢} CsHyOs (vitamin C)?
21, You are asked to prepare a 0.8500 M solution of aluminum nitrate. You
find that you have only 50.00 g of the solid.
{a) Whatis the maximum volume of solution that you can prepare?
(b} How many milliliters of this prepared solution are required to fur-
nish 0.5000 mol of aluminum nitrate to a reaction?
{c) If 2.500 L of the prepared sclution are required, how much more
aluminum nitrate would you need?
{d) Fifty milliliters of a 0.450 M solution of sluminum nitrate are
needed. How would you prepare the required solution from the solution
prepared in (a)?
22, A reagent battle is fabeled 0.255 MK,S0,.
{a) How many moles of K;SO, are present in 25.0 mL of this solution?
(b) How many mL of this solution are required to supply 0.0600 mol of
K50,
(c} Assuming no volume change, how many grams of K;SO4 do you
need to add to 1.50 L of this solution to obtain a 0.800 M solution of
K502
{d) 1 40.0 mL of the original solution are added to enough water to
rnake 135 mL of solutior, what is the molarity of the diluted solution?

23. A student combines two solutions of KOH and determines the molarity
of the resuiting solution. He records the following data:

Solution I: 30.00 mL of 0.125 M KOH
Solution II: 40,00 mL of KOH
Solution I + Solution If; 70.00 mL of 0.203 M KOH

What Is the molatity of KOH in Soludlon 112
24, 'Twenty-five mL of a 0.388 M solution of N80, is mixed with
15.3 mL of 0.229 M Na,SO,. What is the molarity of the vesulting solution?
Assume that the volumes are additive.

Mass Relations in Chemical Formulas

25, Turquoise has the following chemical formula: CuAl(POJ«OH)s*
4H,0. Calcylate the mass percent of each element in turquoise.
26. Diazepam is the addictive tranquilizer also known as Valium®. Its sim-
plest formula is CisHN;OCL Caleulate the mass percent of each element in
this compound.
27. Deer ticks are known ta cause Lyme disense. The presence of DEET (di-
ethyltoluamide) In insect repellents protects the user from the ticks. The mo-
lecular formula for DEET is C;HpNO. How many grams of carbon can be
obtained from 127 g of DEET?
28, Allictn Is responsible for the distinctive taste and edor of garlic. Its sim-
ple formula is CeHyO,5. How many grams of sulfur can be obtained from
25.0 g of allicint
29. A tablet of Tylenol™ has a mass of 0.611 g. It contains 251 mg of its ac-
tive ingredient, acetaminophen, GH;NG;,.
{a) What is the mass percent of acetaminophen in a tablet of Tylenol?
(b} Assume that all the nitrogen in the tablet is in the acetaminophen.
How many grams of nitrogen are present ina tablet of Tylenol?
30. 'The active ingredient in some antiperspirants is aluminum chlorchy-
drate, Al(OH)sCL Analysis of a 2.000-g sample of antiperspirant yields 0.334
g of aluminum. What percent (by mass) of aluminum chlorohydrate Is pres-
ent in the antiperspirant? (Assume that there are no other compounds con-
taining aluminum in the antiperspirant.)
31, Combustion analysis of 1.00 g of the male sex hormone, testosterone,
yields 2.90 g of CO;and 0.875 ¢ H,0. What are the mass percents of carbon,
hydrogen, and oxygen in testosterone?
32. Hexachlorophene, a compound made up of atoms of carbon, hydrogen,
chlarine, and oxygen, ls an ingredient in germicidal soaps. Combustion of a
1.000-g sample yields 1.407 g of carbon dicxide, 0.134 g of water,and 0.523 g
of chlorine gas, What are the mass percents of cacbon, hydrogen, axygen, and
chlorine in hexachlorophene?
33, A compound XCl; 15 70.3% {by mass) chlorine. What is the molar mass
of the compound? What is the symbel and name of X2
34. A compound R;0; Is 32.0% oxygen. What is the molar mass of R;04?
What is the element represented by R?
35. Phosphorus reacts with oxygen to produce different kinds of oxides.
One of these oxides is formed when 1.347 g of phosphorus reacts withL.744 g
of axygen. What is the simplest formula of this oxide? Name the oxide.
36. Nickel reacts with sulfur to form a sulfide. If 2.986 g of nickel reacts
with enough sulfur to form 5.433 g of nickel sulfide, what is the stmplest for-
mula of the sulfide? Name the sulfide.
37. Determine the simplest formulas of the following compounds:
{a) the food enhancer monosodium glutamate {MSG), which has the
compuosition 35.51% C, 4.77% H, 37.85% O, 8.29% N, and 13.60% Na.
(b) zircon, a diamond-like mineral, which has the composition
34.91% O, 15.32% Si, and 49.76% Zr
() nicotine, which has the composition 74.0% C, 8.65% H, and
174%N.
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38. Determine the simplest formulas of the following compounds:

(a) tetraethyl lead, the banned pasoline anti-knock additive, which is

composed of 29.71% C, 6.234% H, and 64.07% Pb.

(b) citric acid, present in most sour fruit, which is composed of

37.51% C, 4.20% H, and 58.29% O.

{c) cisplatin, a drug used in chemotherapy, which is composed of

9.34% N, 2.02% H, 23.36% Cl, and 65.50% Pt.
39. Ibuprofen, the active Ingredient in Advil™, is made up of carben, hy-
drogen, and oxygen atoms. When a sample of ibuprofen, weighing 5.000 g,
burns in oxygen, 13.86 g of CO; and 3.926 g of water are obtained. What is the
simplest formula of ibuprofen?
40, Methyl salicylate is o common “active ingredient” in liniments such as
Ben-Gay™. Tt is also known 2s oil of wintergreen. It is made up of carbon,
hydrogen, and oxygen atoms. When a sample of methyl salicylate weighing
5.287 g is burned in excess oxygen, 12.24 g of carbon dloxide and 2.505 g of
water are formed. What is the simplest formula for oll of wintergreen? ‘
41. DDT (dichlorodiphenyltrichloroethane) was the first chlorinated
insecticide developed. It was used extensively in World War 11 to eradicate
the mosquitees that spread malaria. Its use was banned in the United
States in 1978 because of environmental concerns. DDT is made up of car-
bon, hydrogen, and chlorine atoms. When a 5.000-g sample of DDT is
burned in oxygen, 8.692 g of CO; and 1.142 g of H,O are obtained. A sec-
ond five-gram sample yields 2.571 g of HCl. What is the simplest formula
for DDT? 5
42. Saccharin is the active ingredient in many sweeteners used today. it is
made up of carbon, hydrogen, oxygen, sulfur, and nitrogen. When 7.500 g of
saccharin are burned in oxygen, 12.6 g CO,, 1.84 g H;0, and 2.62 g SO, are
obtained. Another experiment using the same mass of sample (7.500 g} shows
that saccharin has 7.65% N. What is the simplest formula for saccharin?
43. Hexamethylenediamine (MM = 116.2 g/mol), a compound made up of
carben, hydrogen, and nitrogen atoms, is used in the production of nylon.
When 6.315 g of hexamethylenediamine is burned in oxygen, 14.36 g of car-
bon dioxide and 7.832 g of water are obtained. Whot are the simplest and
molecular formulas of this compound?
44. Dimethylhydrazine, the fuel used in the Apollo lunar descent module,
has a molar mass of 60.1¢ g/mol. It is made vp of carbon, hydrogen, and ni-
trogen atoms. The combustion of 2.859 g of the fuel in excess oxygen yields
4.190 g of carbon dioxide and 3.428 g of water, What are the simplest and
molecular formulas for dimethylhydrazine?
45. A certain hydrate of potassium aluminum sulfate (alum) has the for-
mula KAI(SO,); * xH,O. When a hydrate sample weighing 5.459 g is heated to
remove all the water, 2.583 g of KAI{SO,); remains. What is the mass percent
of water in the hydrate? What is x?
46. Sodium borate decahydrate, Na,B,0; -10H;0 is commonly known as
borax. It is used as a deodorizer and mold inhibitor. A sample weighing
15.86 g is heated until a constant mass is obtained indicating that all the water
has been evaporated off.

(a) What percent, by mass of Na,B0, 10 H,0 [5 water?

{b) What is the mass of the anhydrous soedium borate, Na,B,0,?

Balancing Equations

47, Balance the following equations:
(a) CaCy(s) + HyO()) — Ca{OH)(s) + C;Halg)
(b} (NH,);Cr,05{s) — Cr;Os(s) + No{g) + H,0(g)
() CHNH,{g) + Ox{g) — COx(g) + Ni(g) + H,;0(g)
48. Balance the following equations:
(a) Ha5(g) + SO,(g)—5(s) + H,0(g)
(b) CHy(g) + NH,(g) + 0,(g) —HCN(g) + H,0(g)
(c} Fe;0s(s) + Hy(g) — Fe(l) + H,0{g)
49, Write balanced equations for the reaction of sulfur with the following
metals to form selids that you can take to be jonic when the anion is §2=.
(a) potassium (b) magnesium {c) aluminum
(d) calcium (e) iron (forming Fe?* ions)
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50, Write balanced equations for the reaction of scandium metal to produce
the scandium(I1E) salt with the following nonmetals:
{a} sulfur {b) chiorine
{c) nitrogen {d) oxygen (forming the oxide)
51.  Write a balanced equation for
(a) the combustion (reaction with oxygen gas) of glucose, C4H,;0,, to
give carhon dioxide and water.
(b} the reaction between xenon tetrafluoride gas and water to give xe-
non, oxygen, and hydrogen fluoride gases.
(c} the reaction between aluminum and iron(IIl) oxide to give alumi-
num oxide and iron.
{d) the formation of ammonia gas from its elements.
(e} the reaction between sodium chloride, sulfur dioxide gas, steam,
and oxygen to give sodium sulfate and hydrogen chloride gas.
52. Write a balanced equation for
(n) the reaction between fluorine gas and water to give oxygen difluo-
ride and hydrogen fluoride gases.
{(b) the reaction between axygen and ammonia gases to give nitrogen
dioxide gas and water.
(c) the burning of gold(Ill) sulfide in hydrogen to give gold metal and
dihydrogen sulfide gas.
(d) the decomposition of sodium hydrogen carbonate to sodium car-
bonate, water, and carbon dioxide gas.
(e) the reaction between sulfur dioxide gas and liquid hydregen fluo-
ride to give sulfur tetrafluoride gas and water.

Mole-Mass Relations in Reactions

53, Cyanogen gas, C;N, has been found in the gases of outer space. It can
react with fluorine to form carbon tetrafluoride and nitrogen trifluoride.

C;Na{g) + 7F(g) —= 2CF(g) + ZNF(g)

(a) How many moles of fiuorine react with 1.37 mol of cyanogen?
(b) How many moles of CF, are obtained from 13.75 mol of fluorine?
(¢) How many moles of cyanogen are required to produce 0.8974 mol
ofNF;?
(d) How many moles of fluorine will yield 4.981 mol of nitrogen
trifluoride?
54. The mineral fluorapatite, Ca;oF;(PO,}, reacts with sulfuric acid accord-
ing to the following equation:

CayoF2(POG)els) + 7HS80, (1) — 2HF(g) + 3Ca{HPO,}1(s) + 7CaS04(s)

(a} How many moles of CaSO, are obtained when 0.738 mol of fluor-
apatite are used up?
(b} How many moles of H,50, are required to produce 3.98 mol of
Cﬂ(HPOq)z?
(c) How many moles of fluorapatite will react with 0.379 mol of H,50,7
(d) How many moles of HF are obtained when 1.899 mol of H,80, are
made to react with the fluorapatite?
55. One way to remove nitrogen oxide (NO) from smoke stack emissions is
to react it with ammonia.

4ANH,(g) + 6NO(g) — 5N(g) + 6H,0())

Caleulate

{a) the mass of water produced from 0.839 mol of ammonia.

(b} the mass of NO reguired to react with 3.402 mol of ammonia.
(c) the mass of ammonia required to produce 12.0 g of nitrogen gas.
{d} the mass of ammonia required to react with 115 g of NO.



;l
56.
cqunliun:

phosphine gas  reacts with oxygen according to the following

{PH {g) + 804g) — P,Oy(s) + 6H,0(g)

Calculate
(a) the mass of tetraphosphorus decaoxide produced from 12.43 mol of

phosphine.
(b} the muss of PH, required to form 0.739 mal of steam.
{c) the mass of oxygen gas that ylelds 1,000 g of steam.
(d) the mass of oxygen required to react with 20.50 g of phosphine.
57. The combustion of liquid chloroethylene, C,HyCl, yields carbon diox-
) d;. steam, and hydrogen chloride gas.
(n) Writen balanced equation for the reaction.
{b) How many males of oxygen are required to react with 35.00 g of
chlotoethylene? '
{c) If 25.00¢ of chlaroethylene react with an excess of oxygen, how

many grams of each product are formed?

54. Diborane, B,H; can be prepared according to the following reaction:

3NaBH,(5) + 4BF)(g) — 2B;H(g) + 3NaBF,(s}

(a) How many moles of diborane are formed from 12.66 g of BF,?
(b) How many grams of NaBH, are required to produce 10.85 g of
diborane?
59, Ethanol, C;H;OH, is responsible for the effects of intoxication felt after
drinkingalcoholic beverages. When ethanol burns in oxygen, carbon dioxide,
and watet are produced.
{a) Write a balanced equation for the reaction.
(b) How many liters of ethanol (d = 0.789 g/em®) will produce 1.25 Lof
yater (d = 1.00 glem?®)?
(c) A wine cooler contains 4.5% ethanol by mass. Assuming that enly
the alcohol burns in oxygen, how many grams of wine cooler need to be
burned to produce 3.12 L of CO, (d = 1.80 g/L at 25°C, 1 atm pressure}
at the conditions given for the density?
60, When tin comes in contact with the oxygen in the air, tin{IV} oxide,
$n0y, Is formed.

Sn(s) + Oy(g) — Sn04(s)

A plece of tin foil, 8.25 cm X 215 cm X 0.600 mm {d = 7.28 glem?), is ex-
posed to oxygen.
(a) Assuming that all the tin has reacted, what is the mass of the oxi-
dized tin foil?
{b) Air is about 21% oxygen by volume (d = 1.309 g/L at 25°C, | atm).
How many liters of air are required to completely react with the tin foil?
6l. A crude oil burned in electrical generating plants contains about 1.2%
sulfur by mass. When the oll burns, the sulfur forms sulfur dioxide gas:

§{(s) + Os(g) = S0x{g)

How many liters of 50, (d = 2.60 g/L) are produced when 1.00 X 10* kg of ail
burns at the same temperature and pressure? .

62.  When corn is allowed to ferment, the fructose in the corn is converted
to ethyl alcohol according to the following reaction

Cokt) Onlatq) — 2C;H0H(1) + 2CO,(g)

(2) What volume of ethyl alcohol (¢ =0.789 g/mL) is produced from one
pound of fructose?

{b) Gasohol can be a mixture of 10 mL ethyl alcohol and 90 mL of gaso-
line, Hlaw many grams of fructose are required to produce the ethyl al-
<ohol in one gallon of gasohol?

63. Consider the hypothetical reaction
BABy(s) + 3Xy(g) — 4AX(s) + 12B:Ag)

When 10.0 g of A;B, (MM = 255 g/mol) react with an excess of X, +.00 g of
A X; are produced.

{a) How many moles of A,X, are produced?

{b) What is the molar mass of A,X,?
64, When three moles of 2 metal oxide, MO;, react with ammonia gas, the
metal (M), water, and nitrogen gas arc formed.

(a) Write a balanced equation to represent the reaction.

(b) When 13.8 gof ammonia react with an excess of metal oxide, 126 g of

M are formed, What is the molar mass for M? What is the identity of M?
65, A gaseous mixture containing 4.15 mol of hydrogen gas and 7.13 mol of
oxygen gas reacts to form steam.

{a) Write a balanced equation for the reaction.

(b) What is the limiting reactant?

{c) What is the theoretical yield of steam in moles?

{d) How many moles of the excess reactant remain unreacted?
66. Chlorine and fluorine react to form gaseous chlorine trifluoride. Ini-
tially, .75 mol of chlorine and 3.68 mol of flucrine are combined. (Assume
100% yield for the reaction.)

() Write a balanced equation for the reaction.

{b) What is the limiting reactant?

{c) What is the theoretical yield of chlorine trifluoride in moles?

(d) How many moles of excess reactant remain after reaction is

cotnplete,
67. When potassium chlorate is subjected to high temperatures, it decom-
poses into potassium chloride and oxygen.

{a) Write a balanced equation for the decomposition.

(b) In this decomposition, the actual yleld is 83.2%. If 198.5 g of oxygen

are produced, how much potassium chlorate decomposed?
68. When iron and steam react at high temperatures, the following reaction
takes place.

3Fe(s) + 4H,0(g) = Fe;,04(s) + 4Hy(g)

How much iron must react with excess steam to form 897 g of Fe;O, if the
reaction yleld is 69%?

69. Oxyacetylene torches used for welding reach temperatures near 2000°C.
The reaction involved in the combustion of acetylene is

(a) Starting with 175 g of both acetylene and oxygen, what is the theo-

retical yield, in grams, of carbon dioxide?

{b) IE68.5 L (d = 1.85 g/L) of carbon dioxide is produced, what is the

percent yield at the same conditions of temperature and pressure?

{c) How much of the reactant in excess is unused? (Assume 100%

yield.)
70. The first step in the manufacture of nitric acid by the Ostwald pro-
cess is the reaction of ammonia gas with oxygen, producing nitrogen ox-
ide and steam. The reaction mixture contains 7.60 g of ammonia and
10.0D g of oxygen. After the reaction is complete, 6.22 ¢ of nitrogen oxide
are obtained.

(a) Write a balanced equation for the reaction.

(b) How many grams of nitrogen oxide can be theoretically obtained?

(<) How many grams of excess reactant are theoretically unused?

{d) What is the percent yield of the reaction?
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7L Aspirin, CoHyO,, is prepared by reacting salicylic acid, C;H,0,, with
acetic anhydride, C4H;Os;, in the reaction

CHo05(s) + CHOu{l) — CH0,(s) + CH,04(1)

A student is told to prepare 45.0 g of aspirin. She is also told to use a 55.0%
excess of acetic anhydride and 1o expect to get an 85.0% yleld in the reaction.
How many grams of each reactant should she use?

72. A student prepares phosphoraus acid, H,PO,, by reacting solid phos-
phorus triiodide with water.

The student needs to obtain 0.250 L of H,PO, (d = 1651 g/cm?). The proce-
dutre calls for a 45.0% excess of water and a yield of 75.0%. How much phos-
phorus triiodide should be weighed out? What volume of water (d =
1.0¢ g/cm?) should be used?

Unciassified

73. Cisplatin, Pt(NH,),Cl,, is a chemotherapeutic agent that disrupts the
growth of DNA, If the current cost of Pt is $1118.0/troy ounce (1 troy oz =
31.10 g}, how many grams of cisplatin can you make with three thousand dol-
lars worth of platinum? How many pounds?

#4.  Magnesium ribbon reacts with acid to produce hydrogen gas and mag-
nesium ions, Different masses of magnesium ribbon are added to 10 mL of
the acld. The volume of the hydrogen gas obtained is a measure of the number
of moles of hydrogen produced by the reaction. Varlous measurements are
given in the table below,

Volume of

Volume

Mass of Mg of Acid H; Gas

Experiment Ribbon (g} Used (mL) (mL)

1 0.020 10,0 el

2 0.040 10.0 42

3 0080 100 82

4 0.120 100 122

5 0160 10.0 122

6 0.200 100 122

(a) Draw a graph of the results by plotting the mass of Mg versus the
volume of the hydrogen gas.

{b) What is the limiting reactant in experiment 12

(c) What is the limiting reactant in experiment 3?

{d)} What is the limiting reactant in experiment 67

(e} Which experiment uses stoichiometric amounts of each reactant?
{f}) What volume of gas would be obtained if 0.300 g of Mg ribbon were
used? If 0.010 g were used?

75.  Iron reacts with oxygen. Different masses of iron are burned tn a con-
stant amount of oxygen. The product, an oxide of iron, is weighed. The graph
below is obtained when the mass of product obtained is plotted against the
mass of iron used.

5
.-..4
-
Sy
51 y

1 2 3 4 5
Mass Fe (g)

{a) How many grams of product are obtained when 0.50 g of iron are
used?
{b) What is the limiting reactant when 2.00 g of Iron are used?
() Whatis the limiting reactant when 5.00 g of iron are used?
{d) How many grams of iron react exactly with the amount of axygen
supplied?
{e) What is the simplest formula of the product?
76. Most wine Is prepared by the fermentation of the glucose in grape juice
by yeast:

CéH1:04(aq) — 2C,H;OH(ag) + 2CO.(g)

How many grams of glucose should there be in grape juice to produce 725 mL
of wine that is 11.0% ethyl alcohol, C;HsOH (d = 0.789 g/cm’), by volume?

Conceptual Problems

77.  Given a pair of clements and their mass relation, answer the following
questions.
(a) The massof 4 atoms of A = the mass of 6 atoms of B. Which element
has the smaller molar mass?
(b) ‘The mass of 6 atoms of C is less than the mass of 3 atoms of the ele-
ment D. Which element has more atoms/gram?
{c) Six atoms of E have larger mass than six atoms of E. Which has more
atoms/gram?
(d) Six atoms of F have the same mass as 8 atoms of G. Which has more
atoms/mole?
78.  The reaction between compounds made up of A (squares), B (circles),
and C (triangles) is shown pictorially below. Using smallest whole-number
coefficients, write a balanced equation to represent the picture shown.
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CHAPTER THREE

79. Represent the following equation pictortally (see Problem 78), using
squares to represent A, circles to represent B, and triangles to represent C,

AB; + C;——C,By +A;
After you have “drawn” the equation, use your drawing as a guide to balance it.
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g, Nitrogen reacts with hydrogen to form ammonla. Represent each nltro-
o alom by 2square and each hydrogen atom with a circle. Starting with five
l=.I:leculﬂs of both hydrogen and nitragen. show plctorially what you have
er the reaction is complete.
Consider the following diagram, where atom X Is represented by a
‘ ape and atom ¥ is represented by a circle.

squ O '7 W
> ]
2 a2 4
> 9
+ 2 4
2 9 9 5
2 9

{a) Write the equation for the reaction represented by the diagram.
(b) If each circle stands for a mole of Y and each square a mole of X,
how many moles of X did one start with? How many moles of Y?
(¢} Using the same representation described in part (b), how many
moles of product are formed? How many moles of X and Y are left
unreacted?
82, When 4.0 mol of CCl reacts with an excess of HE, 3.0 mol of CCL;F;
{Freon) is obtained. The equation for the reaction is

CCly(l) + 2HF(g) — CCLE, () + 2HCI(g)

State which of the statements are true about the reaction and make the false
statements true.

{a) The theoretical yleld for CCL,F, is 3.0 mol.

(b) The theoretical yield for HClis 71 8.

{c) The percent yleld for the reaction is 75%.

(d) 'The theoretical yield cannot be determined unless the exact amount

of HF is given.

(e) From just the information given above, it is impossible to calculate

how much HF is unreacted.

(£} For this reaction, as well as for any other reaction, the total number

of moles of reactants is equal to the total number of moles of product.

(g) Halfa mole of HF is consumed for every mole of CCl, used.

(h} At the end of the reaction, no CCl, is theoretically left unreacted.
83. Suppose that the atomic mass of C-12 1s taken to be 5.000 amu and that
a mole is defined s the number of atoms in 5.000 kg of carben-12. How many
atoms would there be in one mole under these conditions? (Hint: There ate
6.022 X 10 C atoms in 12.00 g of C-12.)
84. Suppose that N-14 (4N} is taken as the standard for expressing atomic
masses and assigned an atomic mass of 20.00 amu. Estimate the molar mass
of aluminum sulfide.
?hi Answer the questions below, using LT (for is fess than}, GT (for is greater

an}, EQ (for is equal to), or MI (for ntore informatien required ) in the blanks

provided,

(a) "the mass (1o three significant figures) of 6.022 X 102 atoms of Na

—_— 230

(%) Boron has two isotopes, B-10 (10.01 amu} and B-11 (11.01 amu).

The abundance of B-10 the abundance of B-11.

(c) If$-32 were assigned as the standagd for expressing relative atomic
masses and assigned an atomic mass of 10.00 amu, the atomic mass for
Hwouldbe _____ 1.00amu.

(d) When phosphine gas, PHy, is burned in oxygen, tetraphosphorus
decaoxide and steam are formed. In the balanced equation (using small-
est whole-number coefficients) for the reaction, the sum of the coeffi-

cients on the reactant side is 7.
{¢) The mass (in grams) of one mole of bromine molecules is
S 79.90.

86. Determine whether the statements given Below are true ot false.
(a) The mass of an atom can have the unit mole.
(b) In N;Oy, the mass of the nxygen Is twice that of the nitrogen.
{c) One mole of chlorine atoms has a mass of 35.45 g.
(d) Boron hasan average atomic mass of 10.81 amu. It has two isolopes,
B-10 {10.01 amu) and B-11 (11.01 amu). There is more naturally occur-
ting B-10 than B-11.
{e) ‘The compound C,H 20, has for its simplest formula CHON:
(F) A 558.5-g sample of lron contains ten times as many atoms as
0.5200 g of chromium.
(g} 1F 1.0O meol of ammonia fs mixed with 1.00 mol of oxygen the fol-
lowing reaction occurs,

ANH,(g) + 504(g) — 4NO(g) + 6H:0()

All the oxygen is consumed.
(h) When balancing an equation, the total number of moles of reactant
molecules must equal the total number of moles of product molecules.

Challenge Problems

$7. Chlorophyll, the substance responsible for the green color of leaves, has
one moagnesium atom per chlorophyll molecule and contains 2.72% magne-
sium by mass. What is the molar mass of chlorophyll?

88, By x-ray diffraction it is possible to determine the geometric pattern in
which atoms are arranged ina crystal and the distances between atoms. Ina
crystal of silver, four atoms effectively occupy the volume of a cube (.40% nm
on an edge. Taking the density of silver to be 10.5 g/em?, calculate the number
of atoms In one mole of silver.

89, A 5.025-g sample of calcium is burned in air to produce a mixture of
two lonic compounds, calcium oxide and calcium nitride. Water is added to
this mixture. It reacts with calcium oxide to form 4.832 g of calcium hydrox-
ide, How many grams of calcium oxide are formed? How many grams of cal-
cium nitride?

90, Consider the reaction between barium and sulfur:

Ba(s) + S(s)— BaS(s)

Both barium and sulfur also combine with oxygen to form barium oxide and
sulfur dioxide. When 95.0 g of Ba react with 50.08 of sulfur, only 65.15 g of
BaS are obtained. Assuming 100% yield for {he oxides, how many grams of
a0 and 50; are formed?
91, A mixture of potassium chloride and potassium bromide weighing
3,595 g is heated with chlorine, which converts the mixture completely to po-
tassium chioride, The total mass of potassium chleride after the reaction is
3.129 g. What percentage of the original mixture was potassium bromide?
92, A jamplc of an oxide of vanadium weighing 4.589 g was heated with
hydrogen gas to form water and another oxide of vanadium weighing 3.782
The second oxide was treated further with hydrogen until only 2573 g of va-
nadium metal remained.

{a) What are the simplest formulas of the two oxides?

(b) What is the total mass of water formed in the successive reactions
43, A sample of cocalne, CoHnOM, is diluted with sugar, CHpOp- When
a 1.00-mg sample of this mixture is bucned, 1,00 mi, of carbon dioxide
(d = 1.80 /L) is formed. Whatis the percentage of cocaine In this mixture?
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