Basic Chem:istr
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9.2) limiting reactant

v (9.3) (limiting reagent) (9.4)

<=d equation relates the numbers of molecules
*2nts and products. It can also be expressed in
of the numbers of moles of reactants and

s

ess of using a chemical equation to calculate
#ative amounts of reactants and products in-
1 the reaction is called doing stoichiometric
ons. To convert between moles of reactants
moles of products, we use mole ratios derived
¢ balanced equation.

‘=actants are not mixed in stoichiometric
“ies (they do not “run out” at the same time).
- case, we must use the limiting reactant to cal-
the amounts of products formed.

#ctual yield of a reaction is usually less than its
©ical yield. The actual yield is often expressed
# percentage of the theoretical yield, which is
= the percent yield.

Learning Questions

#tons are designed to be considered by groups
= In class. Often these questions work well for
2 particular topic in class.

Active Learning Question 2 from Chapter 2 to
«uncepts of chemical stoichiometry.

"W ace making cookies and are missing a key ingre-
sE—eggs. You have plenty of the other ingredi-
except that you have only 1.33 cups of butter
%0 eggs. You note that the recipe calls for 2 cups
Sutter and 3 eggs (plus the other ingredients) to
“e 6 dozen cookies. You telephone a friend and
% Diim bring you some eggs.

How many eggs do you need?
% ¥ vou use all the butter (and get enough eggs),
~ ®ow many cookies can you make?

nately, your friend hangs up before you tell
= how many eggs you need. When he arrives, he
2 surprise for you—to save time he has broken
£28s in a bowl for you. You ask him how many
® brought, and he replies, “All of them, but I spilled

me on the way over.” You weigh the eggs and find
i they weigh 62.1 g. Assuming that an average egg
ighs 34.21 g:

How much butter is needed to react with all the
eggs?
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theoretical yield (9.5) percent yield (9.5)

d. How many cookies can you make?
e. Which will you have left over, eggs or butter?
f. How much is left over?

8. Relate this question to the concepts of chemical
stoichiometry.
3. Nitrogen () and hydrogen (H,) react to form am-

monia (NHj). Consider the mixture of N, (D) and
Hy( ) in a closed container as illustrated
below:

D U
D
® @

W

Assuming the reaction goes to completion, draw a
representation of the product mixture. Explain how
you arrived |at this representation.

4. Which of the following equations best represents the
reaction for|Question 3?

a. 6N, + 6H, — 4NH, + 4N,
b. N, + H, + NH,

c. N+ 3H > NH;
d.N2+3H2—>2N1‘I3

e. 2N, + 6H, — 4NH,

For choices you did not pick, explain what you feel
is wrong with them, and justify the choice you did
pick.

5. You know that chemical A reacts with chemical B.
You react 10.0 g A with 10.0 g B. What information
do you need to know to determine the amount of
product that will be produced? Explain.

6. If 10.0 g of hydrogen gas is reacted with 10.0 g of
oxygen gas, what mass of water can be produced?

Questions 7 and 8 deal with the following situation: You
react chemical A with chemical B to make one product. It
takes 100 g A to react completely with 20 g B.

7. What is the mass of the product?

a. Less than|20 g

b. Between 20 g and 100 g
¢. Between 100 gand 120 g
d. Exactly 120 g

€. More than 120 g

|
|
|
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8. What is true about the chemical properties of the
product?

a. The properties are more like those of chemical A.

b. The properties are more like those of chemical B.

¢. The properties are equally like those of chemical

A and chemical B.

d. The properties are not necessarily like either those
of A or B.

_ The properties are more like those of A or more
like those of B, but more information is needed.

M

Tor choices you did not pick, explain what you feel
is wrong with them, and justify the choice you did

pick.
9. The limiting reactant in a reaction:

2. has the lowest coefficient in a balanced equation.

b. is the reactant for which you have the fewest num-
ber of moles.

. has the lowest ratio: moles available/coefficient in
the balanced equation.

d. has the lowest ratio: coefficient in the balanced
equation/moles available.

e. None of the above.

For choices you did not pick, explain what you feel is
wrong with them, and justify the choice you did pick.

10. Given the equation 3A + B — C + D, if 4 moles of A
is reacted with 2 moles of B, which of the following
is true? £

a. The limiting reactant is the one with the higher
molar mass.

b. A is the limiting reactant because you need 6
moles of A and have 4 moles.

¢. B is the limiting reactant because you have fewer
‘moles of B than moles of A.

d. B is the limiting reactant because three A mole-
cules react with every one B molecule.

e. Neither reactant is limiting.

For choices you did not pick, explain what you feel
is wrong with them, and justify the choice you did
pick.

11. A kerosene lamp has a mass of 1.5 kg. You put 0.5
kg of kerosene in the lamp. You burn all of the
kerosene until the lamp has a mass of 1.5 kg. What
is the mass of the gases given off? Explain.

12. What happens to the weight of an iron bar when it
rusts?

a. There is no change because mass is always con-
served.

b. The weight increases.

¢. The weight increases, but if the rust is scraped off,
the bar has the original weight.

d. The weight decreases.

Justify your choice and, for choices you did not pick,
explain what is wrong with them. Explain what it
means for something to rust.

13. You may have noticed that water sometimes drips
from the exhaust pipe of a car as it is running. Is this

evidence that at least a small amount of water is orig-
inally present in the gasoline? Explain.

14. You have a chemical in a sealed glass container filled
with air. The system has a mass of 250.0 g. The chemi-
cal is ignited by meangaof a magnifying glass focus-

ing sunlight on the reactant. After the chemical is =
completely burned, what is the mass of the system?
Explain your answer. £

15. Consider the equation|2A + B — A,B. If you mix 1.0 'j:
mol of A and 1.0 mol lof B, how many moles of A-E
can be produced? :

16. Can the percent yield of a reaction ever be greater
than 100%? Explain.

17. According to the law of conservation of mass, mass |
cannot be gained or déstroyed in a chemical reaction. |
So why can't you simply add the masses of two reac- §
tants to determine theliotal mass of product produced®

Questions and Problems

All even-numbered exercises have answers in the back
this book and solutions in the Solutions Guide.

9.1 information Givm? by Chemical
Equations _
QUESTIONS l'
1. What do the coefficients of a balanced r
equation tell us about the proportions in whid
atoms and molecules|react on an individual (mice
scopic) basis? :

2. What do the coefficients of a balanced che ur-':‘_“.
equation tell us about the proportions in which sul
stances react on a macroscopic (mole) basis?

3. Although mass is a [1iroperty of matter we can ¢
veniently measure in| the laboratory, the coefficie
of a balanced chemical equation are not directly i
terpreted on the basis of mass. Explain why.

4. For the balanced chemical equation H, + Br, — 25
explain why we do npt expect to produce 2 g of 58
if 1 g of H, is reacted with 1 g of Bry.

PROBLEMS

5. For each of the following reactions, give the balans
equation for the reattion and state the meaning
the equation in terms of the numbers of individss
molecules and in terms of moles of molecules.

a. PCly(l) + HyO() -» H3POs(aq) + HCI(g)

b. XeFy(g) + H;O() > Xe(g) + HE(g) + O4()
c. S(s) + HNOs(aq) +> H,SO4(aq) + H,O() + N
d. NaHSO;(s) — Na,805(s) + SOx(8) + H,O0()

6. For each of the following reactions, balance
chemical equation and state the stoichiometric 7
ing of the equation in terms of the numbers of &
vidual molecules reacting and in terms of moles of =&
ecules reacting.




2. (NH,),COs(s) — NH;(g) + CO,(g) + H,0(g)
D. Mg(s) + Py(s) — Mg3Py(s)

. Si(s) + Sg(s) — SiyS4(D)

d. CH;OH(l) + 0,(8) — CO,(8) + H,0(g)

i \Mole-Mole Relationships
STIONS

- Consider the reaction represented by the chemical
£quation

Since the coefficients of the balanced chemical equa-
Hon are all equal to 1, we know that exactly 1 g of
KOH will react with exactly 1 g of SO,. True or false?
Explain.

For the balanced chemical equation for the decom-
position of hydrogen peroxide

2H;0,(aq) — 2H,0() + O4(g)

explain why we know that decomposition of 2 g of
hydrogen peroxide will not result in the production
of 2 g of water and 1 g of oxygen gas.

Consider the balanced equation

CH,(8) + 205(g) > COx(g) + 2H,0(g)

What is the mole ratio that would enable you to cal-
culate the number of moles of oxygen needed to re-
act exactly with a given number of moles of CH,(g)?
What mole ratios would you use to calculate how
many moles of each product form from a given num-
ber of moles of CH,?

Consider the unbalanced chemical equation

Balance the equation, and then write the mole ratios
that would allow you to calculate the number of moles
of each product that would form for a given number
of moles of sulfur reacting. Write also the mole ratio
that would allow you to calculate the number of moles
of sulfuric acid that would be required to react with
a given number of moles of sulfur.

SLEMS

For each of the following balanced reactions, calcu-
late how many moles of product would be produced
by complete conversion of 0.15 mol of the reactant
indicated in boldface. State clearly the mole ratio
used for the conversion.

a. 2Mg(s) + O,(8) — 2MgO(s)
b. 2Mg(s) + 0,(g) — 2MgO(s)

c. 4Fe(s) + 30,(g) — 2Fe,04(s)
d. 4Fe(5) + 302(3} - 2F6303(5}

For each of the following unbalanced equations, cal-
culate how many moles of the second reactant would
be required to react completely with 5.00 mol of the
first reactant.

a. CHg(9) + 0(8) — CO4(8) + H,0(9)
b. Py(s) + 0,(8) — P401(8)
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c. Ca0(s) + CO,(g) — CaCOs,(s)
d. Fe(s) + Oy(g) — Fe,04(s)

13. For each of the following balanced reactions, calcu-
late how many moles of each product would be pro-
duced by complete conversion of 1.25 mol of the
reactant indicated in boldface. State clearly the mole
ratio used for the conversion.

a. C;HZ0H(I) + 30,(8) — 2C0,(g) + 3H,0(g)
b. N(g) + 0,(g) — 2NO(g)

c. 2NaClO,(s) + Cly(g) — 2ClO,(g) + 2NaCl(s)
d. 3H,(g) + Ny(g) — 2NHs(g)

14. For each of the following balanced chemical equa-
tions, calculate how many moles and how many
grams of each product would be produced by the
complete conversion of 0.50 mol of the reactant in-
dicated [in boldface. State clearly the mole ratio used
for each conversion.

a. NH;3(g) + HCI(g) — NH,CI(s)

b. CHy(g) + 4S(s) — CS,()) + 2H,S(y)

c. PCly + 3H,0() — H3POs(aq) + 3HCl(aq)
d. NaOH(s) + CO,(g) — NaHCO5(s)

15. For each of the following unbalanced equations, in-
dicate how many moles of the second reactant would
be required to react exactly with 0.275 mol of the first
reactant, State clearly the mole ratio used for the
conversjon.

a. Cly(g) + Kl(ag) — I,(s) + KCl(aq)

b. Co(s) + Py(s) — CosPs(s)

c. Zn(s) + HNO;(ag) — ZnNO;(aq) + H,(g)
d. CsHyp()) + 05(8) — CO,(8) + H0(g)

16. For each of the following unbalanced equations, in-
dicate how many moles of the first product are pro-
duced if 0.625 mol of the second product forms. State
clearly the mole ratio used for each conversion.

a. KO,(5) + H,O() — 0,(g) + KOH(s)
b. Se0,(g) + HySe(g) — Se(s) + H,O(g)
d. Fe,03(s) + Al(s) — Fe(l) + AL, O4(s)

9.3 Mass Qalculations

QUESTIONS

17. What g antity serves as the conversion factor be-
tween the mass of a sample and how many moles
the sample contains?

18. What does it mean to say that the balanced chemi-
cal equation for a reaction describes the stoichione-
try of the reaction?

i
PROBLEMS |
19. Using the average atomic masses given inside the

front cover of this book, calculate how many moles
of each! substance the following masses represent.

a. 2.62 g of helium gas, He
b. 4.95 g of boric acid, H;BO,
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c. 8.31 g of calcium fluoride, CaF,
d. 0.195 g of magnesium acetate, Mg(C,H;0,),
e. 9.72 g of ammonia, NH, ‘

20. Using the average atomic masses given inside the
front cover of this book, calculate how many moles
of each substance the following masses represent.

2.36 mg of lithium carbonate, Li,CO,
. 1.92 x 1073 g of uranium, U

3.21 kg of lead chloride, PbCl,

. 4.62 g of glucose, C4H,,04

7.75 g of potassium hydroxide, KOH

cap g

21. Using the average atomic masses given inside the
front cover of this book, calculate the mass in grams
of each of the following samples.

a. 4.25 mol of oxygen gas, O,

b. 1.27 millimol of platinum (1 millimol = 1/1000
mol)

0.00101 mol of iron(ll) sulfate, FeSO,

. 75.1 mol of calcium carbonate, CaCO,

. 1.35 x 107 mol of gold

1.29 mol of hydrogen peroxide, H,0,

. 6.14 mol of copper(Il) sulfide, CuS

oA

as

22. Using the average atomic masses given inside the
front cover of this book, calculate the mass in grams
of each of the following samples.

a. 0.624 mol of copper(l) iodide, Cul

b. 4.24 mol of bromine, Br, .

c. 0.000211 mol of xenon tetrafluoride, XeF,

d. 9.11 mol of ethylene, C,H,

€. 1.21 millimol of ammonia, NH; (1 millimol =
1/1000 mol)

f. 4.25 mol of sodium hydroxide, NaOH

8. 1.27 X 107° mol of potassium.iodide, KI

23. For each of the following unbalanced equations, cal-
culate the mass of each product that could be produced
by complete reaction of 1.55 g of the reactant indi-
cated in boldface.

a. C8;(I) + O,(9) — CO,(g) + SO,(9)

b. NaNO;(s) — NaNO,(s) + 0,(2)

¢. Hy(g) + MnO,(s) — MnO(s) + H;0(g)
d. Bry(l) + Cly(g) — BrCl(g)

24. For each of the following unbalanced equations, cal-
culate how many moles of the second reactant would
be required to react completely with exactly 5.00 g
of the first reactant.

a. C;HsOH() + O,(g) — CO,(g) + H,0(g)
b. Py(s) + O,(8) — P,04(8)

¢. MgO(s) + COs(g) — MgCOs(s)

d. Fe(s) + O,(g) — FeO(s)

25. For each of the following unbalanced equations, cal-
culate how many grams of each product would be pro-
duced by complete reaction of 12.5 g of the reactant
indicated in boldface. Indicate clearly the mole ratio
used for the conversion.

a. TiBry(g) + Hy(g) — Ti(s) + HBr(g)

26.

27.

28.

29.

30.

31. Although we usually %think of substances as “tus

b. SiHy(g) + NH;(g) [~ SisN,(s) + Hy(g)
. NO(g) + Hy(8) —|Ny(g) + 2H,0(l)
d. Cu,S8(s) — Cu(s) + S(9)

For each of the following balanced equations, calcu- |
late how many grams of each product would be pro-
duced by complete reaction of 15.0 g of the reactant
indicated in boldface. ]

a. 2BCly(s) + 3H,(g) — 2B(s) + 6HCI(g)

b. 2Cu,S(s) + 30,(g) — 2Cu,0(s) + 250,(8)
€. 2Cu;0(s) + Cu,8(s) — 6Cu(s) + SO,(g)

d. CaCOs(s) + Si0,(5) — CaSiOs(s) + CO,(g)

Bottled propane is used in areas away from natural
gas pipelines for cooKing and heating, and is also the |
source of heat in most gas barbecue grills. Propane 3
burns in oxygen according to the following balanced
chemical equation:

CsHg(8) + 50,(8) — 3CO,(g) + 4H,0(g)

Calculate the mass in grams of water vapor produces
if 3.11 mol of propane is burned. '

Sulfuric acid is produced by first burning sulfur
produce sulfur trioxide gas i

ZS(S) + 302@) =¥ 2503(5{)
then dissolving the sulfur trioxide gas in water
$O3(9) + H0() — H,80,())

Calculate the mass of |sulfuric acid produced if 1.25 ¢
of sulfur is reacted as i%ldicated in the above equati

sphere, with plenty of oxygen gas present, the prod
uct is carbon dioxide

C(5) + 04ts) > COL)

However, when the amount of oxygen present dus
ing the burning of the carbon is restricted, carh
monoxide is more likely to result.

2C(s) + 04(g) > 2CO(g)
What mass of each product is expected when a 5.

sample of pure carbon is burned under each of thus
conditions? 3

If baking soda (sodium hydrogen carbonate) is heas
strongly, the following reaction occurs:
2NaHCOy(s) — NabCOs(s) + H,0(9) + CO,iz

Calculate the mass of sodium carbonate that wiﬂ
main if a 1.52-g sample of sodium hydrogen
bonate is heated. .

When elemental carb?:n is burned in the open atms:

E

ing” only in oxygen gas, the process of rapid oxil
tion to produce a flame may also take place in off
strongly oxidizing gases. For example, when irom
heated and placed in pure chlorine gas, the
“burns” according ta the following (unbalars

reaction:

Fe(s) + (%!lz(g) — FeCly(s)




Hz(g)
XD

Sow many milligrams of iron(Ill) chloride result
®hen 15.5 mg of iron is reacted with an excess of
“ilorine gas?

! equations.
uct would

) g of the

- ®hen yeast is added to a solution of glucose or fruc-

%=se, the sugars are said to undergo fermentation and
##5vl alcohol is produced.

Cﬁleos(aq) . ZCZHsoH(aq) + 2(:02@)

Tis is the reaction by which wines are produced
“om grape juice. Calculate the mass of ethyl alco-
B0l C,H;OH, produced when 5.25 g of glucose,
.H,,04, undergoes this reaction.

1Cl(g)

+ 280,(g1
Soz(gJ
+ COy(g1

ay from rae
3, and is ak

> grills.
owing b

S=lfurous acid is unstable in aqueous solution and
- #adually decomposes to water and sulfur dioxide gas

“which explains the choking odor associated with
s=lfurous acid solutions).

H;805(aq) — H,0() + SO,(g)

¥ 425 g of sulfurous acid undergoes this reaction,
#hat mass of sulfur dioxide is released?

tH,0(g)
apor p

+ Small quantities of ammonia gas can be generated in
. e laboratory by heating an ammonium salt with a
~ srong base. For example, ammonium chloride reacts

*ith sodium hydroxide according to the following
- B=lanced equation:

NH.CI(s) + NaOH(s) > NHy(g) + NaCl(s) + H,O(g)

“hat mass of ammonia gas is produced if 1.39 g of
#nmonium chloride reacts completely?

ning s

flemental phosphorus burns in oxygen with an in-
=nsely hot flame, producing a brilliant light and
<louds of the oxide product. These properties of the
combustion of phosphorus have led to its being used
‘n bombs and incendiary devices for warfare.

P4{S) + SOZCg) e 2P205(S}

495 g of phosphorus is burned, what mass of OXy-
gen does it combine with?

Although we tend to make less use of mercury these
days because of the environmental problems created
ov its improper disposal, mercury is still an impor-
fant metal because of its unusual property of exist-
ng as a liquid at room temperature. One process by
which mercury is produced industrially is through
the heating of its common ore cinnabar (mercuric
sulfide, HgS) with lime (calcium oxide, Ca0).

+HgS(s) + 4CaO(s) — 4Hg(l) + 3CaS(s) + CaS0y(s)
What mass of mercury would be produced by com-
plete reaction of 10.0 kg of Hgs?

- Ammonium nitrate has been used as a high explo-
sive because it is unstable and decomposes into sev-

eral gaseous substances. The rapid expansion of the

gaseous substances produces the explosive force.

NH,NO;(s) = Na(g) + O,(g) + H,0(3)

Calculate the mass of each product gas if 1.25 g of
ammonium nitrate reacts.
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38. If common sugars are heated too strongly, they o

as they decompose into carbon and water VIR
For example, if sucrose (table sugar) is heated %
reaction is

Clezzo-”(S) e IZC(S) + lleo(gj

What mass of carbon is produced if 1.19 g of sucrose
decomposes completely?

A e O,

39. Thionyl chloride, SOCL, is used as a very powerful

dryirlg agent in many synthetic chemistry experi-

ments in which the presence of even small amounts

of ter would be detrimental. The unbalanced
chemical equation is

SOCL,(I) + H,0(I) - SO,(g) + HCI(g)

Calculate the mass of water consumed by complete
reaction of 35.0 g of SOCI,.

40. Magnesium metal, which burns in oxygen with an

intensely bright white flame, has been used in pho-

tographic flash units. The balanced equation for this
reaction is

2Mg(s) + Oy(g) — 2MgO(s)

How many grams of MgO(s) are produced by com-
plete reaction of 1.25 g of magnesium metal?

9.4 Calcylations Involving a
Limifing Reactant
QUESTIONS
|

41. Imagine you are chatting with a friend who has not
yet taken a chemistry course. How would you explain
the concept of limiting reactant to her? Your textbook
uses the analogy of an automobile manufacturer or-
dering four wheels for each engine ordered as an ex-
ample, Can you think of another analogy that might
help your friend to understand the concept?

Explait how one determines which reactant in a
process is the limiting reactant. Does this depend
only on the masses of the reactant present? Is the
mole ratio in which the reactants combine involved?

42,

43. What is the theoretical yield for a reaction, and how
does tZis quantity depend on the limiting reactant?

What does it mean to say a reactant is present “in ex-
cess” in a process? Can the limiting reactant be present
in excess? Does the presence of an excess of a reactant
affect é;he mass of products expected for a reaction?

PROBLEMS

44.

45. For each of the following unbalanced reactions, sup-
pose e?actly 5.00 g of each reactant is taken. Deter-
mine which reactant is limiting, and also determine
what mass of the excess reagent will remain after the

limitinig reactant is consumed.
a. Naz];340?(s) + H,804(aq) + H,O() —
H3BO3(§} + Na:SO;{tiq}
b. CaC?;(s) + H,O(l) — Ca(OH),(s) + C,Ha(g)
|
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¢. NaCl(s) + H,SO4(l) — HCI(g) + Na,SO,(s)
d. SiO4(s) + C(s) — Si(l) + CO(g)

46. For each of the following unbalanced chemical equa-
tions, suppose that exactly 5.00 g of each reactant is
taken. Determine which reactant is limiting, and cal-
culate what mass of each product is expected
(assuming that the limiting reactant is completely
consumed).

a. S(s) + HaS8O4(ag) — SO,(g) + H,O(I)

b. MnO,(s) + H,S0,4(1) — Mn(SO,),(s) + H,O()
C. HaS(8) + 04(8) — SO4(g) + H,O(l)

d. AgNO;(aq) + Al(s) — Ag(s) + Al(NO3);3(aq)

47. For each of the following unbalanced chemical equa-
tions, suppose 10.0 g of each reactant is taken. Show
by calculation which reactant is the limiting reagent.
Calculate the mass of each product that is expected.

a. C3Hg(g) + 0(g) — CO,(9) + H,0(g)
b. Al(s) + Cly(g) — AlCls(s)
€. NaOH(s) + CO,(g) — Na,COs4(s) + H,O)
d. NaHCOs(s) + HCl(ag) —
NaCl(aq) + H,O(l) + CO,(g)

48. For each of the following unbalanced chemical equa-
tions, suppose that exactly 1.00 g of each reactant
is taken. Determine which reactant is limiting, and
calculate what mass of the product in boldface is
expected (assuming that the limiting reactant is
completely consumed). .

a. CSy(]) + 05(8) — CO,(g) + SO,(g)

b. NH;(g) + CO,(g) — CN,H,0(s) + H,0(g)
C. Hy(g) + MnO,(s) - MnO(s) + H,0(g)

d. L() + Cly(g) — ICK(g)

49. For each of the following unbalanced chemical equa-
tions, suppose 1.00 g of each reactant is taken. Show
by calculation which reactant is limiting. Calculate
the mass of each product that is expected.

a. UOy(s) + HF(ag) — UF,(aq) + H,O())
b. NaNOj;(ag) + H,SO4(aq) —
Na504(aq) + HNO;(aq)
¢. Zn(s) + HCl(ag) — ZnCly(aq) + H,(g)
d. B(OH);(s) + CH;OH(T) —> B(OCHy)s(s) + H,0()

50. For each of the following unbalanced chemical equa-
tions, suppose 10.0 mg of each reactant is taken.
Show by calculation which reactant is limiting. Cal-
culate the mass of each product that is expected.

a. CO(g) + Hy(g) — CH;0H(])

b. Al(s) + I (s) — All;(s)

c. Ca(OH),(aq) + HBr(ag) — CaBr,(aq) + H,O()
d. Cr(s) + H3POy(aq) — CrPOy(s) + Ha(g)

31. A demonstration many chemistry teachers like to
perform in class is to combine aqueous lead nitrate
solution with aqueous potassium iodide solution.

2KI(ag) + Pb(NO)(aq) — 2KNO,(ag) + Pbi(s)

Both reactants are colorless when the solutions are
freshly prepared, but the solid product is bright yel-

S2.

ereTanT—

53.

54,

§5.

56.

57. Hydrogen peroxide is used as a cleaning agent in the

low, so the process demonstrates a double displace- |
ment very effectively. |

Suppose a solution containing 1.25 g of Kl is
combined with a splution containing 2.42 g of |
Pb(NO;),. What mass of Pbl would result?
An experiment that led to the formation of the new
field of organic chemistry involved the synthesis of
urea, CN,H,O, by the controlled reaction of ammo-
nia and carbon dioxide:

2NHj3(g) + CO,f ) = CN,H,O(s) + H,0(1)

What is the theoretical yield of urea when 100. goi
ammonia is reacted with 100. g of carbon dioxide?

Lead(Il) oxide from an ore can be reduced to ele-
mental lead by heating in a furnace with carbon.

PbO(s) + Cs)— Pb(l) + CO(g)

Calculate the expected yield of lead if 50.0 kg of lead
oxide is heated with 50.0 kg of carbon. -

If steel wool (iron) i§ heated until it glows and is |
placed in a bottle containing pure oxygen, the iron
reacts spectacularly ta produce iron(lll) oxide. E

Fe(s) + @z(g) —> Fe,04(s)

If 1.25 g of iron is heated and placed in a bottle con-
taining 0.0204 mol of oxygen gas, what mass of ]
iron(IIl) oxide is produced?

One method for chemical analysis involves finding
some reagent that will precipitate the species of
interest. The mass of the precipitate is then used to
determine what mass|of the species of interest was |
present in the original sample. For example, calcium |
ion can be precipitated from solution by addition of
sodium oxalate. The balanced equation is

C32+(ﬂq] + N32C204( .q) —> CaC204(S) + 2Na+(aq)

Suppose a solution i§ known to contain approxi-
mately 15 g of calcium ion. Show by calculatio
whether the addition of a solution containing 15
of sodium oxalate will precipitate all of the calcium
from the sample. 1

The copper(Il) ion in a copper(Il) sulfate solution re-
acts with potassium iodide to produce the triiodide
ion, I3 This reaction is commonly used to determine -
how much copper is present in a given sample. '

CuSOy(aq) + Kl(ag) — Cul(s) + Kl(aq) + K,S04(aq)

If 2.00 g of KI is added to a solution containing |
0.525 g of CuSQ,, calcnjhate the mass of each product
produced. f '

treatment of cuts and |abrasions for several reasons.
It is an oxidizing agent that can directly kill many
microorganisms; it decomposes upon contact with i
blood, releasing elemental oxygen gas (which in- |
hibits the growth of anaerobic microorganisms); and E
it foams upon contact with blood, which provides a
cleansing action. In th;nlaboratory, small quantities




lisplace- 8 of hydrogen peroxide can be prepared by the action
of an acid on an alkaline earth metal peroxide, such

as barium peroxide.
BaO,(s) + 2HCl(ag) — H,0,(aq) + BaCl,(aq)

What amount of hydrogen peroxide should result
when 1.50 g of barium peroxide is treated with 25.0
mL of hydrochloric acid solution containing 0.0272 g
of HCI per mL?

ofKIi§

I) 38. Silicon carbide, SiC, is one of the hardest materials
00. g of known. Surpassed in hardness only by diamond, it
clio;{i deZ is sometimes known commercially as carborundum.

E Silicon carbide is used primarily as an abrasive for
[ to ele sandpaper and is manufactured by heating common
tbon. sand (silicon dioxide, $iQ,) with carbon in a furnace.

$i0,(s) + C(s) = CO(g) + SiC(s)

What mass of silicon carbide should result when 1.0
kg of pure sand is heated with an excess of carbon?

> Percent Yield
e ESTIONS

Your text talks about several sorts of “yield” when
experiments are performed in the laboratory. Stu-
dents often confuse these terms. Define, compare,
and contrast what are meant by theoretical yield, ac-
tual yield, and percent yield.

The text explains that one reason why the actual
vield for a reaction may be less than the theoretical
vield is side reactions. Suggest some other reasons
why the percent yield for a reaction might not be
1009%.

According to his prelaboratory theoretical yield cal-
<ulations, a student’s experiment should have pro-
duced 1.44 g of magnesium oxide. When he weighed
fis product after reaction, only 1.23 g of magnesium
oxide was present. What is the student’s percent
wield?

Mercury used to be prepared in the laboratory by
Beating mercuric oxide. :

2HgO(s) — ZHg() + 0,(9)

When 1.25 g of mercuric oxide is heated, what is the
theoretical yield of mercury? Suppose 1.09 g of mer-
©ury is actually collected. What is the percent yield?

MS

The compound sodium thiosulfate pentahydrate,
%2,5,05-5H,0, is important commercially to the
photography business as “hypo,” because it has the
aiity to dissolve unreacted silver salts from photo-
“#rzphic film during development. Sodium thiosul-
fate pentahydrate can be produced by boiling ele-
~mental sulfur in an aqueous solution of sodium
smifite.

5_3 § - Nazso3{ﬂ'g) b Hzo(l) —->N325203-5H20(5}
: (unbalanced)
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What is the theoretical yield of sodium thiosulfate
pentahydrate when 3.25 g of sulfur is boiled with
13.1 g of sodium sulfite? Sodium thiosulfate pen-
tahydrate is very soluble in water. What is the percent
yield of the synthesis if a student doing this experi-
ment|is able to isolate (collect) only 5.26 g of the
product?

64. Alkali metal hydroxides are sometimes used to
“scrub” excess carbon dioxide from the air in closed
spaces (such as submarines and spacecraft). For ex-
ample, lithium hydroxide reacts with carbon dioxide
accor:tng to the unbalanced chemical equation

| ‘OH(S} + COz(g) "‘)LizCO:;(S) + Hzo(g)

Suppc:se a lithium hydroxide canister contains 155 g
of LiQH(s). What mass of CO,(g) will the canister
be abﬁe to absorb? If it is found that after 24 hours
of us¢ the canister has absorbed 102 g of carbon
dioxide, what percentage of its capacity has been
reached?

65. Although they were formerly called the inert gases,
at least the heavier elements of Group 8 do form rel-
atively stable compounds. For example, xenon com-
bines |directly with elemental fluorine at elevated
temperatures in the presence of a nickel catalyst.

Xe(g) + 2F,(g) — XeFy(s)

What is the theoretical mass of xenon tetrafluoride
that should form when 130. g of xenon is reacted
with 100. g of F,? What is the percent yield if only
145 g of XeF, is actually isolated?

66. A common undergraduate laboratory analysis for the
amount of sulfate ion in an unknown sample is to pre-
cipitate and weigh the sulfate ion as barium sulfate,

Ba**(aq) + SO~ (aq) — BaSO,(s)

The precipitate produced, however, is very finely di-
vided, |and frequently some is lost during filtration
before/weighing. If a sample containing 1.12 g of sul-
fate ion is treated with 5.02 g of barium chloride,
what is the theoretical yield of barium sulfate to be
expected? If only 2.02 g of barium sulfate is actually
collected, what is the percent yield?

Additional Problems

67. Natural waters often contain relatively high levels of
calcium ion, Ca®*, and hydrogen carbonate ion (bi-
carbonate), HCO;™, from the leaching of minerals
into the water. When such water is used commer-
cially or in the home, heating of the water leads to
the formation of solid calcium carbonate, CaCOs,,
which |forms a deposit (“scale”) on the interior of
boilers! pipes, and other plumbing fixtures.

Ca(gcos)z(aq)acaco3(s) + CO,(g) + H,0(l)

If a sample of well water contains 2.0 X 10~ mg of
Ca(HCO3), per milliliter, what mass of CaCO, scale
would 1.0 mL of this water be capable of depositing?
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68.

69.

70.

71

73.

One process for the commercial production of bak-
ing soda (sodium hydrogen carbonate) involves the
following reaction, in which the carbon dioxide is
used in its solid form (“dry ice”) both to serve as a
source of reactant and to cool the reaction system to
a temperature low enough for the sodium hydrogen
carbonate to precipitate:

NaCl(ag) + NHj(aq) + H,O(I) + CO,(s) —
NH,Cl(aq) + NaHCO4(s)

Because they are relatively cheap, sodium chloride
and water are typically present in excess. What is the
expected yield of NaHCO; when one performs such
a synthesis using 10.0 g of ammonia and 15.0 g of
dry ice, with an excess of NaCl and water?

A favorite demonstration among chemistry instruc-
tors, to show that the properties of a compound
differ from those of its constituent elements, involves
iron filings and powdered sulfur. If the instructor
takes samples of iron and sulfur and just mixes them
together, the two elements can be separated from one
another with a magnet (iron is attracted to a mag-
net, sulfur is not). If the instructor then combines
and heats the mixture of iron and sulfur, a reaction
takes place and the elements combine to form
iron(II) sulfide (which is not attracted by a magnet).

Fe(s) + S(s) — FeS(s)

Suppose 5.25 g of iron filings is combined with 12.7 g
of sulfur. What is the theoretical yiéld of iron(II) sul-
fide?

When the sugar glucose, C;H,,04, is burned in air,
carbon dioxide and water vapor are produced. Write
the balanced chemical equation for this process, and
calculate the theoretical yield of carbon dioxide
when 1.00 g of glucose is burned completely.

When elemental copper is strongly heated with sul-
fur, a mixture of Cu$ and Cu,S$ is produced, with Cu$
predominating.
Cu(s) + S(s) — CuS(s)
2Cu(s) + S(s) — Cu,S(s)

What is the theoretical yield of CuS when 31.8 g of
Cu(s) is heated with 50.0 g of S? (Assume only Cu$
is produced in the reaction.) What is the percent yield

of CuS if only 40.0 g of CuS can be isolated from the
mixture?

- Barium chloride solutions are used in chemical analy-

sis for the quantitative precipitation of sulfate ion
from solution.

Ba**(aq) + SO,2~(aq) — BaSO,(s)

Suppose a solution is known to contain on the order
of 150 mg of sulfate ion. What mass of barium chlo-
ride should be added to guarantee precipitation of all
the sulfate ion?

The traditional method of analysis for the amount
of chloride ion present in a sample is to dissolve the
sample in water and then slowly to add a solution
of silver nitrate. Silver chloride is very insoluble in
water, and by adding a slight excess of silver nitrate,

74.

75.

76.

77.

78.

79.

it is possible effectively to remove all chloride ion
from the sample.

Ag”(aq) + CI™(aq) — AgCl(s)
Suppose a 1.054-g sample is known to contain 10.3%

chloride ion by mass. What mass of silver nitrate
must be used to con%letely precipitate the chloride

ion from the sample? What mass of silver chloride
will be obtained? 2
For each of the following reactions, give the balanced

equation for the reaction and state the meaning of
the equation in terms of numbers of individual mol-
ecules and in terms of moles of molecules. "

a. UO,(s) + HF(ag) — UF,(aq) + H,O(I)
b. NaC,H30,(aq) + H,SO,4(aq) — 4
: Na,SO4(aq) + HC,H30,(ags |
c. Mg(s) + HCl(aq) — MgCl,(aq) + Hy(g) ]
d. B,O5(s) + H,0(I) — B(OH);(aq)

True or false? For the Ifeaction represented by the bai-
anced chemical equation ;

Mg(OH),(ag) + 2HCl(ag) 2H,0(1) + MgCl(ag)

for 0.40 mol of Mg(OH),, 0.20 mol of HCl will be ¢
needed. ;

|
Consider the balanced equation

C3Hy(g) + 50,(§) > 3CO4(g) + 4H,0(g)

What mole ratio enables you to calculate the nu
ber of moles of oxygen needed to react exactly wi
a given number of moles of C;Hg(g)? What mole
tios enable you to cal¢ulate how many moles of ez
product form from a given number of moles of C,

For each of the following balanced reactions, cal
late how many moﬁs of each product would
produced by complete conversion of 0.50 mol of
reactant indicated in| boldface. Indicate clearly
mole ratio used for the conversion.

a. 2H,0,(I) - 2H,0() + 0,(9)

b. 2KCl05(s) — 2KCI(s) + 30,(g)

¢. 2Al(s) + 6HCl(ag) — 2AICl;(aq) + 3H,(g)
d. C3Hg(g) + 50,(8) - 3CO,(8) + 4H,0(g)

For each of the follo?.ving balanced equations, ind
cate how many moles of the product could be producs
by complete reaction|of 1.00 g of the reactant ind
cated in boldface. Indicate clearly the mole ratio uss
for the conversion.

a. NHy(g) + HCI(g) — NH,CI(s)
b. CaO(s) + CO,(g) = CaCOs(s)
c. 4Na(s) + O5(g) — 2Na,O(s)
d. 2P(s) + 3Cly(g) — 2PCls(I)

Using the average atomic masses given inside #
front cover of the text, calculate how many noles
each substance the following masses represent.

a. 4.21 g of copper(1l) sulfate
b. 7.94 g of barium nitrate

c. 1.24 mg of water |

d. 9.79 g of tungsten

e. 1.45 b of sulfur




#thvl alcohol, C,HsOH
o carbon

#werage atomic masses given inside the
of the text, calculate the mass in Sgrams

=== following samples.

of nitric acid

mol of mercury

~ mol of potassium chromate

of aluminum chloride

¥ mol of sulfur hexafluoride

@i of ammonia

mol of sodium peroxide

= the following incomplete and unbalanced
ndicate how many moles of the second re-
i be required to react completely with
of the first reactant.

- H,80, —

241 + NaCl(aq) —

-aq) + Nay,COs(ag) —

' —0:(9) >

n the commercial production of sulfuric
.. involves the conversion of sulfur diox-
nto sulfur trioxide, SO..

250,(g) + O,(g) — 2505(g)

0f 5O, reacts completely, what mass of SO,
zesult?

metals occur naturally as sulfide compounds;
= include ZnS and CoS. Air pollution often
"menies the processing of these ores, because
alfur dioxide is released as the ore is converted
¢ sulfide to the oxide by roasting (smelting).

ple, consider the unbalanced equation for
Mmasting reaction for zinc:

ZnS(s) + O,(g) = ZnO(s) + SO,(8)

# mznv kilograms of sulfur dioxide are produced
1.0 % 10 kg of ZnS is roasted in excess oxygen
S process?

=m peroxide is added to water, elemental oxy-
Z=s is generated:

%2:05(s) + HyO(7) -»NaOH(aq) + O,(3) .

s€ 3.25 g of sodium peroxide is added to a large

wess of water. What mass of oxygen gas will be
aced?

elemental copper is placed in a solution of sil-
nitrate, the following oxidation-reduction reac-
takes place, forming elemental silver:

; Cus) + 2AgNO;(aq) — Cu(NO;),(aq) + 2Ag(s)
W=at mass of copper is required to remove all the
“wer from a silver nitrate solution containing 1.95

=z of silver nitrate?

Wen small quantities of elemental hydrogen gas are
mesced for laboratory work, the hydrogen is often
#=nerated by chemical reaction of a metal with acid.
#%or example, zinc reacts with hydrochloric acid, re-
*®asing gaseous elemental hydrogen:

87.

88.

89.

21,

92.

Chapter Review 267

Zn(s) + 2HCl(aq) — ZnCly(aq) + Hy(g)

What mass of hydrogen gas is produced when 2.50 g
of zinc js reacted with excess aqueous hydrochloric
acid?

The gaseous hydrocarbon acetylene, C,H,, is used in
welders’| torches because of the large amount of heat
released when acetylene burns with oxygen.

2G,H,(8) + 50,(8) - 4CO0,(g) + 2H,0(g)

How many grams of oxygen gas are needed for the
complete combustion of 150 g of acetylene?

For each of the following unbalanced chemical equa-
tions, suppose exactly 5.0 g of each reactant is taken.
Determine which reactant is limiting, and calculate
what mass of each product is expected, assuming that
the limi]ing reactant is completely consumed.

a. Na(s) [+ Bry(I) — NaBr(s)
b. Zn(s) + CuSO,(aq) — ZnS0y(aqg) + Cu(s)
¢. NH,Cl(aq) + NaOH(aq) —
' NH3(g) + H,O(!) + NaCl(aq)
d. Fe203§s) + CO(8) — Fe(s) + CO,(g)

For each|of the following unbalanced chemical equa-
tions, suppose 25.0 g of each reactant is taken. Show
by calculation which reactant is limiting. Calculate
the theoretical yield in grams of the product in
boldface,

a. GH;OH(!) + 0,(8) — CO,(g) + H,O()

b. Ny(g) + Ox(8) — NO(g)

¢. NaClQ,(aq) + Cly(g) — ClO,(g) + NaCl(aq)
d. Hy(8) + N,(g) — NHj(g)

- Hydrazine, N,H,, emits a large quantity of energy

when it %reacts with oxygen, which has led to hy-
drazine’s|use as a fuel for rockets:

NaHy(1) + Os(8) = Ny(g) + 2H,0(g)

How many moles of each of the gaseous products are
produced when 20.0 g of pure hydrazine is ignited
in the presence of 20.0 g of pure oxygen? How many
grams of each product are produced?

Although elemental chlorine, Cl,, is added to drink-
ing water supplies primarily to kill microorganisms,
another beneficial reaction that also takes place re-
moves sulfides (which would impart unpleasant
odors or tastes to the water). For example, the nox-
ious-sme&ing gas hydrogen sulfide (its odor resem-
bles that|of rotten eggs) is removed from water by
chlorine by the following reaction:

H,S(aq) + Cly(aq) —~HCl(aq) + Sg(s) (unbalanced)

What mass of sulfur is removed from the water when
50. L of water containing 1.5 X 1075 g of H,S per liter
is treated| with 1.0 g of Cl,(g)?

Before going to lab, a student read in his lab man-
ual that the percent yield for a difficult reaction to
be studied was likely to be only 40.% of the theo-
retical yield. The student’s prelab stoichiometric cal-
culations predict that the theoretical yield should be
12.5 g. What is the student’s actual yield likely to be?
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Chemical Quantities

CHAPTER ANSWERS
2.

The coefficients of the balanced chemical equation for a reactioniiudicate the relative numbers of

moles of each reactant that combine during the process as well as|the number of moles of each
product formed. |

Balanced chemical equations tell us in what molar ratios substances combine to form products;
not, in what mass proportions they combine. ’

a. (NH):COx(s) - 2NHy(g) + COs(g) + H,0(2) i

One formula unit of solid ammonium carbonate decomposes to produce two molecules of
ammonia gas, one molecule of carbon dioxide gas, and one molecule of water vapor. One
mole of solid ammonium carbonate decomposes into two moles of gaseous ammonia, one
mole of carbon dioxide gas, and one mole of water vapor. |

b.  6Mg(s) + Py(s) — 2Mg;Py(s)

Six atoms of magnesium metal react with one molecule of solid phosphorus (P4) to make
two formula units of solid magnesium phosphide. Six moles 'of magnesium metal react with
one mole of phosphorus solid (P4) to produce two moles of solid magnesium phosphide.

g 4Si(s_) +8S5(s) — 2SiS4()

Four atoms of solid silicon react with one molecule of solid sulfur (Sg) to form two ]
molecules of liquid disilicon tetrasulfide. Four moles of solid silicon react with one mole of |
solid sulfur (Sg) to form two moles of liquid disilicon tetrasulfide.

d. GH;OH() +304(g) - 2CO(g) + 3H;0(g)

One molecule of liquid ethanol burns with three molecules of oxygen gas to produce two
molecules of carbon dioxide gas and three molecules of water vapor. One mole of liquid

ethanol burns with three moles of oxygen gas to produce two moles of gaseous carbon
dioxide and three moles of water vapor.

Balanced chemical equations tell us in what molar ratios-substanceé: combine to form products:

not in what mass proportions they combine. How could 2 g of reactant produce a total of 3 gof
products?

Copyright © Houghton Miffin Company. Al rights s
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S(s) + 2H,804(1) — 380,(g) + 2H,0())

3 mol soz)

e 0k, ( 1molS

For H,0, 2 mol H,0
1mol S

For H,SO,, [2 mol H,S0, ]

Imol S

2. 2GHy(g) +70,(g) — 4COx(g) + 6H,0(g)

7 mol O, |
—22 17,5 mol O, (18 mol Oy)|
2mol C,H, e ¥
b Py(s) +50,(g) - P401(g)

50mol P, x 22000, _os 0,
1 mol P,

c.  CaO(s) + COyx(g) — CaCOs(s)

1 mol CO, _
1 mol CaO
d. 4F C(S) + 302(g) -—9. 2F8203(S)

3221%-— 3.75 mol O, (3.8 mol Oy)

5.0 mol C,Hg x

5.0 mol CaO x 5.0 mol CO,

5.0 mol Fe x
mo] Fe

a.  NHj(g) + HCl(g) — NH,CI(s)

molar mass of NH,Cl, 53.49 g

1 mol NH,Cl
1 mol NH,

53.49 g NH,Cl
1 mol NH,Cl

0.50 mol NH; x = 0.50 mol NH4Cl

0.50 mol NH,CI x =27 g NH,Cl

Caoyright © Houghton Mifflin Company. Al rights reserved. |
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b.  CHy(g) +4S(g) — CSy(D) + 2H,S(g)
molar masses: CS,, 76.15 g; H,S, 34.09 g

0.50 mol § x ~ 252 _ .15 mol CS, (= 0.13 mol CS;)
4mol S
0.125mol €S, x 1 8CS: _g 50,
1 mol CS,
0.50mol Sx ZIOLHS _ o5 ol HS
4 mol S
0.25 mol H,S x NOUHES 8.5 g H,S : 5‘
1 mol H,S '-

c.  PCli(]) +3H,0()) — H3POs(ag) + 3HCl(agq)

molar masses: H;POs, 81.99 g; HCI, 36.46 g

2 U 0 e 051 i PO,
1 mol PCI,

81.99 g H,PO,
1 mol H,PO,

3 mol HCI _
1 mol PCl,

0.50 mol PCl; x

0.50 mol H3P03 x =41 g H;PO,

0.50 mol PCl; x 1.5 mol HCI

36.46 g HCI
1 mol HCI

d. NaOH(s) + CO,(g) — NaHCO;(s)
molar mass of NaHCO; =8401g

1 mol NaHCO,
1 mol NaOH

84.01 g NaHCO,
1 mol NaHCO,

1.5 mol HCI x =54.7=55gHCl

0.50 mol NaOH x =0.50 mol NaHCO;

0.50 mol NaHCO; x

=42 g NaHCO;

16. Before doing the calculations, the equations must be balanced. '
a.  4KO(s) + 2H,0(]) — 30,(g) + 4KOH(s)

3mol O,
4 mol KOH

b.  SeOx(g) +2H,Se(g) — 3Se(s) + 2H,0(g)

0.625 mol KOH X =0.469 mol O,

0.625 mol H,0 x —iﬂ-sif 0.938 mol Se

2 mol H,
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¢ 2CH3;CH,OH()) + Oy(g) — 2CH3CHO(agq) + 2H,0(])

2 mol CH,CHO
2 mol H,0

d.  Fe,O4(s) +2Al(s) —» 2Fe(l) + ALLOs(s)

0.625 mol ALOs x —2P0LFe _ | o5 ol Fe

1 mol ALO,

0.625 mol H,0 x =0.625 mol CH;CHO

Stoichiometry is the process of using a chemical equation to calculate the relative masses of
reactants and products involved in a reaction.

a.  molar mass Li,CO3 = 73.89 g; 2.36 mg =0.00236 g |

1 mol Li,CO,
73.89 g Li,CO,

b. molarmassU=238.0g

1molU
238.0gU

. molar mass PbCl, =278.1 g;3.21 kg=3.21 x10° g

0.00236 g Li;CO; x =3.19 x 107 mol iLizCO3

1.92x 107 g U x =8.07 x 10°mol U

3.21 x 10° g PbCl, x —2°L — 115 mol PbCl,
2781 g

d.  molar mass C¢H;,05=180.2 g

1 mol C,H,,0,
180.2 g C,H,,0,
e.  molar mass KOH = 56.11 g

7.75 g KOH x L MOLKOH _ ;3¢ mol KOH
56.11 g KOH

4.62 g CsHuOﬁ X = (.0256 mol Cslepﬁ

a. molar mass of Cul=190.5 g
190.5 g Cul
1 mol Cul
b.  molar mass of Br,=159.8 g

159.8 g Br,
1 mol Br,

0.624 mol Cul x =119 g Cul

4.24 mol Br, x =678 g Br,

c.  molar mass of XeF;=2074¢g

207.4 g XeF,

0.000211 mol XeF, x
e ** 1 mol XeF,

=0.0438 g XeF, |
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24. Before any calculations are done, the equations must be balanced.

a.  CHsOH() +30,(g) = 2COx(g) + 3H,0(g)

Chapter 9: Chemical Quantities

molar mass of C;H; =28.05 g

28.05 g C,H,

9.11 mol C,H, x
54 1 mol C,H,

molar mass of NH; = 17.03 g;

17.03 g NH,
1 mol NH,

molar mass of NaOH =40.00 g

0.00121 mol NH; x

4.25 mol NaOH x
1 mol NaOH

molar mass of KI=166.0 g

166.0 g KI
1 mol KI

- 1.27 % 107 mol KI x

molar mass C;HsOH =46.07 g

40.00 g NaOH

1 mol C,H,0H

256 g C;H,
1.21 millimol = 0.00121 mol

=0.0206 g NH;

=170 g NaOH

2.11x10* gKI

3 mol O,

5.00 g C,H;OH x
R Ce 46.07 g C,H,O

P.;(S) *+ 502(3) - P40|0(g)
molar mass P, =123.88 g

Smol O,
1 mol P,

1 mol P, i
123.88 g

MgO(s) + CO,(g) — MgCOs(s)
molar mass MgO=4031g
1 mol MgO

5.00 g P4 x

1 mol CO,
X

=0.326 mol O,

H 1mol C,HOH

0.202 mol O,

5.00 g MgO x

2Fe(s) + Ox(g) — 2Fe0(s)
molar mass Fe=55.85 g

1 mol Fe

1 mol O,

=(.124 mol CO,

40.31 gMgO 1 mol MgO

5.00 g Fe x

X
55.85gFe 2molFe

= ().0448 mol O,
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2BCls(s) + 3Ha(g) — 2B(s) + 6HC(g)
molar masses: BCl3, 117.16 g; B, 10.81 g, HCI, 36.46|g

1 mol BCI,

15.0 g BCL x
117.16 g BC,

=(.128 mol BCl;

2molB__ 10.81gB

0.128 mol BCl; x
2 mol BCl, 1molB

=138gB

6 mol HCl _ 36.46 g HCI

2mol BCl, 1 mol HCI

b, 2CuS(s) +30,(g) — 2Cu0(s) +2805(g)
molar masses: Cu,S, 159.17 g; Cu,0, 143.1 g; SO,, 64;,07 g

1 mol Cu,S
15.0 g CusS X — 212> __ (00424 mol Cu,S
£ 159.17 g Cu,S R

0.128 mol BCl, x

=14.0 g HCI
a

0.09424 mol Cuz§ x 2201 €00, 14318 Cu,0 _ 155
2mol Cu,S 1 mol Cu,0 '

009424 mol Cu,§ x — 201580, 6407850, _ ¢ o4 0,
2mol Cu,S 1mol SO,

¢.  2Cu0(s) + CuyS(s) — 6Cu(s) + S0,(g)
molar masses: Cu,S, 159.17 g; Cu, 63.55 g; SO,, 640?; g >

15.0 g CupS x — B CUS _ 5 00494 mol Cuss
_ 159.17 g Cu,8

6molCu _ 63.55gCu
X
1 mol Cu,S 1molCu

1 mol SO, % 64.07 g SO,

1mol Cu,S 1mol SO,

d.  CaCOs(s) + SiOy(s) — CaSiOs(s) + COy(g) |
molar masses: SiO,, 60.09 g; CaSiOs, 116.17 g; CO,, 4}1 Olg

|
15.0 g i0y x 2510, _ 2496 mol si0, |

60.09 g SiO,

1 mol CaSiO, , 116.17 g CaSiO,
1 mol SiO, 1 mol CaSiO,

1 mol CO, « 44.01 g CO
1 mol Si0, 1 mol CO,

0.09424 mol Cu,S x =359 ﬁ Cu

0.09424 mol Cu,S x = 6.04|g SO,

0.2496 mol SiO, x =(29.0 g CaSiO;

0.2496 mol Si0O, x

2=11.0 g/CO,

|
|
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28. 2S(s) +30,(g) — 2S0s(g) SOs(g) + H;0() — H,S04())

It would make things simpler if the first equation were expressed in tetms of one mole of SO;
since the second equation is expressed in terms of 1 mole of SO;. To do this, divide the first
equation by two: '

S(s) + $ 02(g) — SOs(g) SOs(g) + Hy0() — HaS04()

By doing this, we now have the simpler relationship that one mole of $ will produce one mole of
H,S0,.

molar masses: S, 32.07 g; H,SO,, 98.09 g

12588 x ~ 28 _ 03898 moi s |
320785

1 mol H,SO,
1 mol S

98.09 g H,SO,
1 mol H,SO,
30. 2NaHCOs(s) — NayCOs(s) + H,0(g) + COx(g)
molar masses: NaHCOs, 84.01 g; Na,COs, 106.0 g

1 mol NaHCO,
84.01 g NaHCO,

0.03988 mol S x = 0.03988 mol H,SO,

0.03988 mol H,S0O4 x =3.82 g H,S0,

1.52 g NaHCO; x =0.01809 mol NaHCO;

1 mol Na,CO,

0.01809 mol NaHCOQ, x
2 mol NaHCO,

= 0.009047 mol Na,CO,

106.0 g Na,CO,
1 mol Na,CO,
32. Ce¢H;06(aq) — 2C;HsOH(aq) + 2C0O,(g)

molar masses: CgH;,04, 180.2 g; C,HsOH, 46.07 g
1 mol C,H,,0O,
180.2 g C(H,,0,

2 mol C,H,OH
1 mol C,H,,0,

0.009047 mol Na,CO; x

=0.959 g Na;CO;

5.25 g CgH;,06 % =0.02913 mol C/H,,0,

0.02913 mol CH,,0, =0.5826 mol C,Hs;OH
46.07 g C,H,OH

0.5286 mol C,H;OH x
S 1 mol C,H,OH

=2.68 g ethyl alcohol

|
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34, NH,CI(s) + NaOH(s) — NHj(g) +NaCl(s) + H;0(g)
molar masses: NH,Cl, 53.49 g; NH;, 17.03 g

1 mol NH,CI
1.39 g NH,CI x s
& 53.49 g NH, CI

=10.02599 mol NH,Cl

0.02599 mol NH,Cl x ——POINH; __ 1 0569 mol NH;
1 mol NH,CI

17.03 g NH,
1 mol NH,

4HgS(s) + 4CaO(s) — 4Hg(0) + 3CaS(s) + CaSO4(s)

0.02599 mol NH; x =0.443 g NH;3

Chapter 9: Chemical Quantities

molar masses: HgS, 232.7 g Hg, 200.6 g; 10.0 kg = 1.00 x 10’

1 mol HgS

1.00 x 10* g HgS x ——— 52
& 37 gngs

=42.97 mol HgS

4 mol Hg

42.97 mol HgS x
e i s

=42.97 mol Hg

1 mol Hg
Clezgoll(S) = IZC(S) + IIHZO(g)
molar masses: Cy,H,,0,;, 342.3 g; C, 12.01

2Mg(s) + Oa(g) — 2MgO(s)
molar masses: Mg, 24.31 g; Mg0, 40.31 g

1 mol Mg

1.25 g Mg x
R 2431 g Mg

=5.14 x 10 mol Mg

5.14x 102 mol Mg x 2L MEO _ 5 14 10 mol MgO

2 mol Mg
40.31 g MgO

5.14 x 10”2 mol MgO x
B 1 mol MgO

=2.07 g MgO
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|

4297 mol Hg x 220-68H8 _¢ 0> 107 gHg=8.62kgHg |

|

1 mol C,,H,,0 a | .
1.19 g C1;Hy,0y; % 122 1l_—3476 x 10~ mol C,,H,,0

g LiahnUy, 342-38C11Hn0u uH?zz 11

12 mol C
3.476 x 10° mol C,H,,0,, X =0.04172 mol C
e e = C,H,,0,, '
0.04172 mol Cx 22918C _ 51 5 ¢
1mol C

91
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42.

46.

b. Mﬂo;(.?) + 2HZSO4(aq) —3 MD(SO4)2 + 2H20(I)

Chapter 9: Chemical Quantities

To determine the limiting reactant, first calculate the number of moles of gach reactant present.
Then determine how these numbers of moles correspond to the stoichiometric ratio indicated by
the balanced chemical equation for the reaction. '

A reactant is present in excess if there is more of that reactant present \ha'%js needed to combine

with the limiting reactant for the process. By definition, the limiting reactant cannot be present in
excess. An excess of any reactant does not affect the theoretical yield for process; the theoretical
yield is determined by the limiting reactant.

a.  S(s) + 2H,S04(ag) — 3S0,(g) +2H,0()) _
Molar masses: S, 32.07 g; H,SO4, 98.09 g; SO,, 64.07 g H;0,18.02 g

Lmol _ 1550 mol S
07g

5;00 g H,S0, x L mol =0.05097 mol H,SO,
98.09 g

According to the balanced chemical equation, we would need twice as much sulfuric acid as
sulfur for complete reaction of both reactants. We clearly have much less sulfuric acid
present than sulfur; sulfuric acid is the limiting reactant. The calculation of the masses of
products produced is based on the number of moles of the sulfuric acid.

0.05097 mol H,S0, x — 20180, . 64.07¢S0,
. 2mol H,SO, 1molSO,

=490 g SO,

2 mol H,0 » 18.02 gH,0O

0.05097 mol H2804 X
2mol H,SO,  1mol H,0

=0918 g H,0 |

molar masses: MnO,, 86.94 g; H,SO, 98.09 g Mn(SOq),, 247.1 g; H,0, 18.02 g
1 mol

5.00 g MnO, x = 0.05751 mol MnO,
86.94 g
- 1 mol
5.00 g H,SO, = 0.05097 1 H,SO. |
8N %00 g TR _

According to the balanced chemical equation, we would need twice as much sulfuric acid
manganese(IV) oxide for complete reaction of both reactants. We do not have this much
sulfuric acid, so sulfuric acid must be the limiting reactant. The amount of each product
produced will be based on the sulfuric acid reacting completely.
1 mol Mn(SO,), _ 247.1 g Mn(SO,), _

0.05097 mol H,SO, X X =630 g Mn(SO
o X Mol H,S0, 1 mol Mn(SO,), B Moz,

2 mol H,0 " 18.02 g H,0
2mol H,SO, 1molH,O

0.05097 mol H,SO, %

=0.918 g H,0 |
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2HyS(g) + 304(g) - 250s(g) + 2H0()
Molar masses: H,S, 34.09 g; 0,,32.00 g; SO,, 64.07 g; H,0, 18.02 g

1 mol
5.00 g HyS = 0.1467 mol H,$
SR iy LI,

1 mol
32.00¢g

5.00g0,x =(.1563 mol O,

According to the balanced equation, we would need 1.5 times as much O, as H,S for
complete reaction of both reactants. We don’t have that much O,, so O, must be the limiting
reactant that will control the masses of each product produced.

0.1563 mol 0, x 20180, 64.07g50,

|
=6.67 g SO
3molO,  1mol SO, ik

0.1563 mol O, x 2 mol H,0 " 18.02 g H,0
3molO,  1molH,0
d. 3AgNOs(ag) + Al(s) — 3Ag(s) + Al(NOs)3(aq) .
Molar masses: AgNO;, 169.9 g; Al, 26.98 g; Ag, 107.9 g; Al(NO;);,213.0 g

1 mol
699¢g

=188 gH,0

5.00 g AgNO; x 1 = 0.02943 mol AgNO,

5.00 g Al 21 el

=0.1853 mol Al
g

According to the balanced chemical equation, we would lieed three moles of AgNO; for
every mole of Al for complete reaction of both reactants. We in fact have fewer moles of
AgNO; than aluminum, so AgNO; must be the limiting reactant. The amount of product
produced is calculated from the number of moles of the Iﬂm'ting reactant present:

3 mol Ag & 107.9 gAg

0.02943 mol AgNO, x
AR 3mol AgNO, 1 mol Ag

3.18g Ag

1 mol AI(NO,), ~213.0 g AI(NO,)
0.02943 mol AgNO; x )i 22209
O i A, o Al(No,)% .

8. CSy()) +30,(g) = COy(g) +2504(g) ‘
Molar masses: CSz, 76.15 g 0y, 32.00 g; C0,, 4401 g |

1.00 g CS, x —2L _ 0,01313 mol Cs,
76.15 g

Lmol _ 03125 mol 0,

1.00 %
80, 32.00g |
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94 Chapter 9: Chemical Quantities

From the balanced chemical equation, we would need three times as much oxygen as carbon
disulfide for complete reaction of both reactants. We do not have this much oxygen, and so
oxygen must be the limiting reactant.

1 mol CO, - 44,01 g CO,

3mol O, 1 mol CO,

b.  2NHj(g) + COx(g) — CNH,O(s) + H0())
Molar masses: NH;, 17.03 g; CO,, 44.01 g; H,0, 18.02 g

1.00 g NH; x 29 _ 0,05872 mol NH,
1703 g

0.03125 mol O, x

=0.458 g CO,

1.00 g CO, x —-0ol
T 4401 g

The balanced chemical equation tells us that we would need twice as many moles of
ammonia as carbon dioxide for complete reaction of both reactants. We have more than this
amount of ammonia present, so the reaction will be limited by the amount of carbon dioxide
present.

=0.02272 mol CO,

1 mol H,0 " 18.02 gH,0

1molCO, 1molH,0

c.  Hy(g)+MnO,(s) — MnO(s) + H,0()) ;‘
Molar masses: Hy, 2.016 g; MnO,, 86.94 g; H,0, 18.02 g '

1 mol
20l6¢g

0.02272 mol CO, x

=0409gH,0 |

1.00 g Hy x = 0.496 mol H,

1.00 g MnO, x —- 20k
8694 g

Because the coefficients of both reactants in the balanced chemical equation are the same.
we would need equal amounts of both reactants for complete reaction. Therefore

manganese(IV) oxide must be the limiting reactant and controls the amount of product
obtained.

=0.0115 mol MnO,

1 mol H,O i 18.02 g H,0
1 molMnO, 1molH,0

d L)+ Cly(g) — 21Cl(g)
Molar masses: I, 253.8 g; Cl,, 70.90 g; IC1, 162.35 g

= D001 BB T
8¢g

0.0115 mol MnQO, x

=0.207 g H,0

100 o 610141 ol 4
g
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From the balanced chemical equation, we would need equal amounts of I, and Cl, for
complete reaction of both reactants. As we have much less iodine than chlorine, iodine must
be the limiting reactant.

2mol IC1_ 162.35 g ICI

0.00394 mol I, x
1 mol 1, 1 mol ICI

Ll
b

=128 g1

a.  CO(g)+2H(g) — CH,0H()
CO is the limiting reactant; 11.4 mg CH;OH
b, 2Al(s) +3L(s) — 2AlII(s) e
I, is the limiting reactant; 10.7 mg All, '
c.  Ca(OH)x(ag) +2HBr(ag) — CaBry(ag) + 2H,0())
HBr is the limiting reactant; 12.4 mg CaBr,; 2.23 mg ?130
d.  2Cr(s) + 2H;PO4(ag) — 2CrPOL(s) + 3Hy(g) :
H3PO, is the limiting reactant; 15.0 mg CrPO,; 0.309 mg H,
2NH;(g) + COy(g) — CN,H,0(s) + HoO()
molar masses: NH3, 17.03 g; CO,, 44.01 g; CN,H,0, 60.06 g
1 mol

17.03 g

1 mol
100. g CO, x
85X Loig ‘
CO, is the limiting reactant that determines the yield of product.

2272 mol CO, x LTOICNH,0  60.06 g CN,H,O _
lmolCO 1 mol CN,H,0

4Fe(s) + 30,(g) — 2Fe,05(s) F

!
1
|

100. g NH; x = 5.872 mol NH;

=2.272 mol CO,

Molar masses: Fe, 55.85 g; Fe,0;, 159.7 g

1.25 g Fex 2% _ 00224 mol Fe present
5585¢g

Calculate how many mol of O, are required to react with ttuf amount of Fe

0.0224 mol Fe X %-‘-“31-%— 0.0168 mol O,

mol Fe
Because we have more O, than this, Fe must be the limiting EF:actant.
2 mol Fe,O, » 159.7 g Fe,O

0.0224 mol Fe x
4 mol Fe 1 mol Fe, O,

1=179g Feztij)3
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56. 2CuSO4(ag) + 5KI(ag) — 2Cul(s) + KIz(agq) + 2K,804(aq)
molar masses: CuSO,, 159.6 g; K1, 166.0 g; Cul, 190.5 g; K13, 419.8 g; K,S0,, 174.3 g

0.525 g CuSO, x 2 _ 399 % 10 mol CuSO,
159.6 g

1 mol

200 gKIx
T Y

= 0.0120 mol KI

To determine the limiting reactant, let’s calculate what amount of KI wduld be needed to react
with the given amount of CuSO, present.

5 mol KI

3.29 x 10 mol CuSOy X —— >
2 mol CuSO,

=823 x 10 mol KI

As we have more KI present than the amount required to react with the CuSO, present, CuSO,
must be the limiting reactant that will control the amount of products produced.

2 mol Cul ” 190.5 g Cul
2 mol CuSO, 1 mol Cul

3.29 % 107 mol CuSQ, x =0.627gCul |
1 mol K1, y 419.8 gKI,

3.29 x 10~ mol CuSO, x
" 2mol CuSO, 1 molKJ,

=0.691 gKI;

3.29% 10 mol CuSO, x ~ 21 K;80, , 1743 8K,S0, _ § 573 4 k50,
" 2mol CuSO, . 1mol K,SO, |

58.  SiOy(s) +3C(s) — 2CO(g) + SiC(s)
molar masses: SiO, 60.09 g; SiC,40.10g; 1.0kg=1.0x10° g

1.0% 10° g Si0; x ——2°L _ 16,64 mol §i0,
60.09

From the balanced chemical equation, if 16.64 mol of SiO, véere to react completely (an excess of

carbon is present), then 16.64 mol of SiC should be produced (the coefficients of SiO,.and SiC are
the same).

40.01¢g
1 mol

16.64 mol SiC x

=6.7 x 10* g SiC = 0.67 kg SiC

60. If the reaction is performed in a solvent, the product may have substantial solubility in the solvent
and the reaction may come to equilibrium before the full yield of product is achieved (See Chapter
17.). Loss of product may occur through operator error.
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2HgO(s) — 2Hg()) + Ox(g)
molar masses: HgO, 216.6 g; Hg, 200.6 g

1 mol

1.25 g HgO x
556 2166 g

= 0.005771 mol HgO

0.005771 mol HgO x 2MLHg  2006gHg _, . g (th
2molHgO 1 mol Hg

1.09 g actual
1.16 g theoretical

ZLiOH(s)‘+ COx(g) — LiCOx(s) + H,0(g) !

molar masses: LiOH, 23.95 g; CO,, 44.01 g '

155 g LiOH x Lm0 LiOH__ 1 mol Co,  44.01gCO,
23.95gLiOH " 2mol LIOH 1 mol CO,

eoretical yield)

% yield = % 100 = 94.0% of theory

=¥ 142 g CO,
As the cartridge has only absorbed 102 g CO, out of a total c;apacity of 142 g CO,, the cartridge
has absorbed

%—z X 100 = 71.8% of its capacity.

Ba™'(ag) + SO4*(ag) — BaSO4(s) |
molar masses: SO, 96.07 g; BaCl,, 208.2 g; BaSO,, 233.4 g
|

. 1 mol
1.12 g SO x =0.01166 mol SO>
B X G607 B

5.02 g BaCl, x 2;’“01 =0.02411 mol BaCl, = 0.02411 mol Ba*
z .

SO, is the limiting reactant. ;

__ 1molBaSO, 233.4 g BaSO E
0.01166 mol SO,* x 4 % 4 =272 g BaSO.
PR, 1 mol SO,* ~ 1 mol BaSO, )

actual yield 'x 100= 2928
theoretical yield 272¢g

Percent yield = x 100 =74/3%

|
|
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68. NaCl(ag) + NHj(ag) + HO(/) + COx(s) — NH,Cl(ag) + NaHCOs(s)
molar masses: NH3, 17.03 g; CO,, 44.01 g; NaHCO;, 84.01 g

1 mol

10.0 g NH, x
8N 113 g

=0.5872 mol NH,

1 mol

15.0 g CO, x
e 4401g

= (0.3408 mol CO,

CO; is the limiting reactant.

5 A0 N0, o 03008 0l R0
1 mol CO, _ 1

0.3408 mol CO, x

0.3408 mol NaHCO; 814—"3173-: 28.6 g NaHCO,
mo

70.  CsHi206(s) + 604(g) — 6COx(g) + 6H,0(g)
molar masses: glucose, 180.2 g; CO,,44.01 g

1.00 g glucose x = 5.549 x 10~ mol glucose

6 mol CO,

——————2_=333x% 10 mol COZ
1 mol glucose

5.549 x 107 mol glucose x

3.33 x 102 mol CO, x

Mg 7800,
1 mol
72. Ba*(aq) + SO (ag) — BaSO4(s) ;
millimolar ionic masses: Ba™, 137.3 mg; SO, 96.07 mg; BaCl,, 208.2 mg

As barium ion and sulfate ion react on a 1:1 stoichiometric basis, then 1.56 millimol of barium ion
is needed, which corresponds to 1.56 millimol of BaCl,.

mmo

1.56 millimol BaCl, X -2-;’8'2——‘“13= 325 milligrams BaCl, needed I
74,

[

|

a.  UOy(s) +4HF(ag) — UF4(aq) + 2H,0())

One molecule (formula unit) of uranium(IV) oxide will combine wi ) four molecules of
hydrofluoric acid, producing one uranium(IV) fluoride molecule and two water molecules.
One mole of uranium(IV) oxide will combine with four moles of hydrofluoric acid to

produce one mole of uranium(IV) fluoride and two moles of water. |
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2NaC;H30x(ag) + HpSO4(ag) — Na;SOy(ag) + 2HCH;0,(aq)

Two molecules (formula units) of sodium acetate react exactly with one molecule of sulfuric
acid, producing one molecule (formula unit) of sodium sulfate and two molecules of acetic
acid. Two moles of sodium acetate will combine with one mole of sulfuric acid, producing
one mole of sodium sulfate and two moles of acetic acfd.

©  Mg(s) +2HCl(ag) — MgCly(ag) + Hy(g)

One magnesium atom will react with two hydrochloric|acid molecules (formula units) to
produce one molecule (formula unit) of magnesium chloride and one molecule of hydrogen
gas. One mole of magnesium will combine with two moles of hydrochloric acid, producing
one mole of magnesium chloride and one mole of gaseous hydrogen.

4 By0s(s) +3H,0()) — 2B(OH)s(aq) |

One molecule of diboron trioxide will react exactly with three molecules of water, producing
two molecules of boron trihydroxide (boric acid). One mole of diboron trioxide will
combine with three moles of water to produce two moles of boron trihydroxide (boric acid).

For 02: _S__Im;lc_)&_ For COZ: M Eor Hzo: -4-.—In_01_1£
1mol C,H, 1mol C,H, 1 mol C,H,

2. NHs(g) + HCl(g) — NH,CI(s)
molar mass of NH; = 17.01 g
1 mol
1.00 g NH.
R TT TP

1 mol NH,Cl
1 mol NH,

b.  CaO(s) + CO,(g) — CaCOs(s)
molar mass CaO = 56.08 g k

=0.0588 mol NH;

10.0588 mol NH; x = 0.0588 mol NH,CI

1 mol
1.00 g CaO x = 0.0178 mol Ca0
. 56.08 2

1 mol CaCO,
1 mol CaO

c.  4Na(s)+Os(g) — 2NaO(s)
molar mass Na=22.99 g

0.0178 mol CaO x =0.0178 mol CaCO, g

1mol _ 1435 mol Na
9g

2 mol Na,O

=0.0217 mol Na,O
4 mol Na

0.0435 mol Na x
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d.  2P(s)+3Cl(g) > 2PCly(7)
molar mass P=30.97 g

100 P x 2L _ 00323 mol P
3097 g

2 mol PCl,

0.0323 mol P x =10.0323 mol PCl;
2 mol P

80.
a. molar mass HNO; =63.0 g

5.0 mol HNO; x 3298 _ 35 10? g HINO,
1 mol .

b.  molar mass Hg=200.6 g

0.000305 mol Hg x 2100'613 ~0.0612 g Hg

mo.

c. molar mass K;CrO;=1942 g

2.31 x 10 mol K;CrO; X 1194‘2 £-449x10° g KiCrO,
mo

d. molar mass AICl; =1333 g

10.5 mol AICI; X 133‘3 £ 14010 g alCly

mo.

€. molar mass SFs=146.1 g

146.18 _ 75 % 10° g SF,
1 mol

f.  molarmass NH;=17.01 g

125 mol NH; x 17018 _, 13 10° g NH;
1 mol

4.9 x 10% mol SFs x

g.  molar mass Na,0,=77.98 g ]

0.01205 mol Na;0; X 208 — .9397 g Na,0,
1 mol
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280,(g) + Os(g) — 2804(g)
molar masses: SOy, 64.07 g; SO;, 80.07 g; 150 kg = 1.5 x 10° g

1.5x 10° g SO, x 20!
64.07g

2 mol SO,
2 mol SO,

=2.34 x 10° mol SO,

2.34 x 10° mol SO, x =2.34 x 10° mol SO,

2.34 x 10’ mol SO; x 81°°071g= 1.9 10° g SO; = 1.9 x 10% kg SO,
mo.

2Nay0,(s) + 2H;0(l) — 4NaOH(ag) + Os(g)
molar masses: Na;0, 77.98 g; 05, 32.00 g

3.25 g Na,0, X 71 ol _ 0417 mol Na,0,
g

1 mol O,

0.0417 mol Nay0 x —2910;
A T

=0.0209 mol O,

0.0209 mol 0, x 22 %8 _ 669 5 0,
~ 1mol

Zn(s) + 2HCl(ag) — ZnCly(ag) + Hy(g)
molar masses: Zn, 65.38 g; H,, 2.016 g

1 mol
6538¢g

2.50 g Zn x =0.03824 mol Zn

1molH, _ 03824 mol H,
1 mol Zn

0.03824 mol H, x =016 ¢
1 mol

0.03824 mol Zn x

=0.0771gH, i

a.  2Na(s) + Bry(/) — 2NaBr(s) _
molar masses: Na, 22.99 g; Br,, 159.8 g; NaBr, 1029 g

Lol 0TS e Ne
9¢g

1mol _ 403129 mol Br,
8g
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Intuitively, we would suspect that Br; is the limiting reactant because there is much less Br,
than Na on a mole basis. To prove that Br; is the limiting reactant, the following calculation

is needed:
0.03129 mol Br, x 2291N2 _ ) 06258 mol Na.
1 mol Br,
Clearly there is more Na than this present, so Br; limits the reaction extent and the amount
of NaBr formed.
0.03129 mol Br, x 229INaBr _ 4 66258 mol NaBr
1 mol Br,
0.06258 mol NaBr x 0228 _ 6 4 g NaBr
1 mol

b.  Zn(s) + CuSOs(ag) — ZnSO4(ag) + Cu(s) |
molar masses: Zn, 65.38 g; Cu, 63.55 g; ZnSO,, 161.5 g; CuS04, 1596 g

1 mol

5.0gZnx
65.38 g

=0.07648 mol Zn

5.0 g CuSO,4 X 3 o)
1596¢g

As the coefficients of Zn and CuSO, are the same in the balanced chemical equation, an
equal number of moles of Zn and CuSO, would be needed for complete reaction. There is
less CuSO, present, so CuSO, must be the limiting reactant.

1 mol ZnSO,
1 mol CuSO,

=(.03132 mol CuSO,

0.03132 mol CuSO, x =(.03132 mol ZnSQ,

0.03132 mol ZnSO, X 1;51.5 € _5.1gZnSOs

mo

0.03132 mol CuSO, x ——2%LCY_ _ 403132 mol Cu
1 mol CuSO,

?

0.03132 mol Cux B3 8205 cu |
1 mol {

c. NH4Cl(ag) + NaOH(ag) — NHs(g) + HO()) + NaCl(aq)}‘
molar masses: NH,Cl, 53.49 g; NaOH, 40.00 g; NH;, 1?.@3 g; H,0, 18.02 g; NaCl, 58.44 g

1 mol
5.0 g NH4Cl x =(.09348 mol NH,Cl
5 5349 ¢g

5.0 g NaOH x } ol
40.00 g

As the coefficients of NH,Cl and NaOH are both one in the balanced chemical equation for
the reaction, an equal number of moles of NH,Cl and NaOH would be needed for complete
reaction. There is less NH4Cl present, so NH;Cl must be the limiting reactant.

=(.1250 mol NaOH
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As the coefficients of the products in the balanced chemical equation are also all one, if

0.09348 mol of NH,CI (the limiting reactant) reacts co letely, then 0.09348 mol of each
product will be formed. '

0.09348 mol NH; x 1' ] =1.6 g NH;
0

0.09348 mol H:0 x 12028 1 7. 11,0
- 1mol

0.09348 mol NaCl x 2o 8 _ 5 5 o Nacy
1 mol

d.  Fe05(s) +3CO(g) — 2Fe(s) + 3CO4(g) 5

molar masses: Fe,0s, 159.7 g; CO, 28.01 g; Fe, 55.85 % CO,,44.01 g

I A el a0, |
1597 g

5.0 g Fey,03 %

5.0 COx —2 _ 4 1785 mol CO [
2801 g

Because there is considerably less Fe,O; than CO on a mole basis, let’s see if Fe,0; is the
limiting reactant. -

3 mol CO

0.03131 mol Fe,03 x
1 mol Fe,O,

=(0.09393 mol CO ;_

There is 0.1785 mol of CO present, but we have determined that only 0.09393 mol CO
would be needed to react with all the Fe,O5 present, so Fe,0; must be the limiting reactant.
CO is present in excess. '

2molFe _ 55.85gFe

0.03131 mol Fe,03 x X =——=3.5 g[Fe
' s 1 mol Fe,0, 1molFe g?F

3 mol CO, % 44.01 g CO, _
1 mol Fe,O, 1 mol CO,

90. NpHy()) + O5(g) — Na(g) +2H,0(g)
molar masses: N>Hy, 32.05 g; O,, 32.00 g; N,, 28.02 g; H,0, 18.02 g

0.03131 mol Fe,0; x 4.1g CO,

1 mol

20.0 g NpH, x
T

= 0.624 mol N,H, ﬁ

) 1 mol
200g0,x
82X H0g

=(.625 mol O,
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The two reactants are present in nearly the required ratio for complete réaction (due to the 1:1
stoichiometry of the reaction and the very similar molar masses of the ;Estances). We will
consider NoHy as the limiting reactant in the following calculations.

1molN, _28.02gN
0.624 mol N,H, x 2y
B ™ N,

2=175gN,

2mol H,0 _18.02gH,0

0.624 mol N;H, x 9 22 =258 1,0
o ImolN,H, " 1mol H,0 .

40 g actual _

92. 12.5 g theory x =
S Ty X 100 g theory

50g
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