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SECTION

STOICHIOMETRY

PLANNING GUIDE

STUDENT ACTIVITIES/FEATURES

TEACHER'S RESOURCE PACKAGE

9.1 The Arithmetic of Equations

Objectives

» Calculate the amount of reactants re-
quired or product formed in a non-
chemical process

» Interpret balanced chemical equations

Discover It! How Much Can You Make,
p. 236

Sample Problems 9-1 through 9-2

Review Module (Chapters 9-12)
> Section Review 9.1

» Practice Problems

> Quizzes

Laboratory Manual, Experiment 12:

Objectives

» Construct mole ratios from balanced
chemical equations and apply these ra-
tios in mole-mole stoichiometric calcu-
lations

» Calculate stoichiometric quantifies from
balanced chemical equations using
units of moles, mass, representative par-
ticles, and volumes of gases at STP

Link to Forensic Chemistry Chemistry in
Crime Fighting, p. 246

Link to Agriculture Ammonia in the Nitro-
gen Cycle, p. 247

Small-Scale Lab Analysis of Baking Soda,
p. 251

Sample Problems 9-3 through 9-7

: : : Quantitative Analysis
in terms of interacting moles, represen-
tative particles, masses, and gas volume
at STP
9.2 Chemical Calculations CHEMath Dimensional Analysis, p. 243 Review Module

» Section Review 9.2
» Practice Problems
> Quizzes

Laboratory Recordsheet 9-1

Laboratory Manual, Experiment 12;
Quantitative Analysis

Small-Scale Chemistry Lab Manual

> Experiment 10: Titration: Determining
How Much Acid is in a Solution

> Experiment 11: Weight Titrations: Mea-
suring Molar Concentrations

9.3 Limiting Reagent and Percent Yield
Objectives

» Identify and use the limiting reagent in a
reaction to calculate the maximum
amount of product(s} produced and the
amount of excess reagent

Calculate theoretical yield, actual yield,
or percent yield given appropriate infor-
mation

v

Mini Lab Limiting Reagents, p. 259

Chemistry Serving. . .the Environment
Flat Tires for Recyclers, p. 260

Chemistry in Careers Quality Control
Chemist, p. 260

Sample Problems 9-8 through 9-10

Review Module

» Section Review 9.3

» Practice Problems

> Interpreting Graphics

> Vocabulary Review 9

» Chapter 9 Tests and Quizzes

Laboratory Recordsheet 9-2

Laboratory Manual, Experiment 13: Bal-
anced Chemical Equations

Laboratory Practicals 9-1 and 9-2

Solutions Manual for Chapter Reviews

Review Module /| Cheapters 9-12

)
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PLANNING GUIDE  continued

TECHNOLOGY RESOURCES QA;%

Internet Connections

Within this chapter, you will see the chemSURF logo. If you and
ybur students have access to the Internet, the following URL
address will provide various Internet connections that are re-
lated to topics and features presented in this chapter.

http://www.chemsurf.com

SURE

You can also find relevant chapter material at
The Chemistry Place address:
http://www.chemplace.com

CD-ROMs %

Chem ASAP! CD-ROM

» Chapter 9

ResourcePro CD-ROM

» Chapter9

ActivChemistry CD-ROM

» Stoichiometry

Assessment Resources CD-ROM

Videodiscs and Videotapes

Chemistry Alive! Videodisc
» Carbide Cannon

Overhead Transparencies |

» #16: Formation of Ammonia
» #17: Stoichiometric Calculations

» #18: Limiting Reagents ]
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PLANNING FOR ACTIVITIES

STUDENT EDITION
Discover It! p. 236

» metal paper clips

» vinyl-coated paper clips
» plastic sandwich bags

Small-Scale Lab, p. 251

» baking soda

» soda straws

» plastic cups

» pipettes of HCl, NaOH, and
thymol blue

» balances

Mini Lab p. 259

» graduated cylinders

» balances

» 250-mL Erlenmeyer flasks
» rubber balloons

» magnesium ribbons

> hydrochloric acid

TEACHER’S EDITION

Teacher Demo, p. 240

» 2 tsp lemon juice

> sweetener

» one small bottle of carbon-
ated water

» small water cups

Teacher Demo, p. 241

> mass of a strip of Mg
approx. 2.5 cm to 3.5 cm
long

» 50 mL of 1M HCl(ag)

» 100-mL beaker

Teacher Demo, p. 245

» prepared 0.1M solutions of
potassium iodide and lead
(II) nitrate

» 50.0 mL of Pb(NO;),

> 150 mL of KI

> two 250-mL beakers

Teacher Demo, p. 253

» 15 plastic bottles

» 30 plastic caps to fit bottles

» 6 containers to hold 5 caps
each

Activity, p. 257

» 3 Styrofoam™ cups for
each group

» thermometer

» 100 mL of 1.0M HCl

> 200 mL of 1.0M NaOH

>

safety goggles

ASSESSMENT ~© .

Student Edition
> Section Reviews 9.1-9.3
» Chapter 9 Review,
pp. 261-264
> Alternative Assessment,
p. 265

Technology

Chem ASAP! CD-ROM

> Assessment 9.1-9.3
Assessment Resources CD-ROM
» Chapter 9 Tests

Teacher’s Resource Package

Review Module (Chap. 9-12)

> Vocabulary Review

» Chapter 9 Test A and Test B
» Chapter 9 Quizzes
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Name Class Date

THE ARITHMETIC OF EQUATIONS

Objectives

® Calculate the amount of reactants required or product formed in a nonchemical
process

¢ Interpret balanced chemical equations in terms of interacting moles,
representative particles, masses, and gas volume at STP

Key Terms

® stoichiometry

Part A Completion

Use this completion exercise to check your understanding of the concepts and terms
that are introduced in this section. Each blank can be completed with a term, short
phrase, or number.

The coefficients of a balanced chemical equation indicate 1.
the relative number of ___1 of reactants and products. All 2.
stoichiometric calculations begin with a 2 . Only__3 3.
and 4 are conserved in every reaction; moles, volumes, 4,
and representative particles may not be. 5.
In solving stoichiometric problems, conversion factors 6.

relating moles of reactants to ___S of products are used.
Ifyouassume __ 6 | the equation also tells you about the

volume of gases.

Part B Truz-false

Classify each of these statements as always true, AT, sometimes true, ST; or never true, NT.

7. The coefficients in a balanced chemical equation can be used to form
mole ratios relating reactants to products. :

8. The coefficients in a balanced chemical equation tell the relative
volumes of reactants and products, expressed in any suitable unit of
volume.

9. To calculate the 1nass of a molecule in grams, you cun use the molar

mass and.\vogadro’s number.

Review Module ! Chayrers £-12 7
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10. Because the mass of the reactants equals the mass of the products of a
reaction, the number of moles will be conserved.

11. If the ratio of molecules in the reaction 2A, + B, — 2A,B is 2:1:2, we can
predict that when 4 molecules of A, react with 2 molecules B,, to produce

4 molecules of A,B.

12. One mole of any gas occupies a volume of 22.4 L.

Part ( Matching

~ Match each description in Column B to the correct term in Column A.

Column A
13. stoichiometry
14. product
15. coefficient
16. 6.02 x 103
17. 0°C, 101.3 kPa

18. 2 moles O,/4 moles H,0

PartD Questions and Problems

(olumn B

a. Avogadro’s number

b.

the calculations of quantities in chemical reactions
STP

a substance formed in a chemical reaction

mole ratio

gives the relative number of molecules involved in a
reaction

Answer the following in the space provided. Show your work.

19. Interpret the following equation using moles, molecules, and volumes (assume
STP). Compare the mass of the reactants to the mass of the product.

2N,(g) + 30,(g) — 2N,0;(g)

20. How many moles of chlorine gas will be required to react with sufficient iron to

produce 14 moles of iron(11I) chloride?

2Fe(s) + 3Cl,(g) -~ 2FeCl;(g)

8  Review Module/ Chapters 9-12
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CHEMICAL CALCULATIONS

SECTION REVIEW

Objectives
® Construct mole ratios from balanced chemical equations and apply these ratios in
mole-mole stoichiometric calculations

® (Calculate stoichiometric quantities from balanced chemical equations using units
of moles, mass, representative particles, and volumes of gases at STP

Key Equations
® mole-mole relationship used in every stoichiometric calculation:
aG—— bW
(given quantity) (wanted quantity)
bmolW xb
® xmolGX—————="—molW
amol G a
Given Mole Ratio Calculated

Part A Completion

Use this completion exercise to check your understanding of the concepts and terms
that are introduced in this section. Each blank can be completed with a term, short
phrase, or number.

Mole ratios from balanced equations may be used to solve 1.

problems with other units such as numbers of 1  and 2 2.

of gasesat STR The ___ 3 from the balanced equation are used 3.

to write conversion factors called 4 . These conversion factors 4.

are used to calculate the numbers of molesof __5___ fromagiven 5.

number of moles of 6 . In mass-mass calculations, the molar 6.

mass is used to convert mass to 7 . 7.

Part B True-False

Classify each of these statements as always true, AT, sometimes true, ST, or never true, NT.

- 8. In mass-mass calculations, the molar mass is used to convert mass
to moles.

9. The mole ratio 2 mol HF/1 mole SnF, can be used to determine the
mass of SnF, produced according to the equation:
Sn(s) + 2HF(g) — SnF,(s) + H,(g)

Revicw Modul/ Chapters 9-12 9
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10. In a volume-volume problem, the 22.4 L/mol factors always cancel out.
11. In stoichiometric problems, volume is expressed in terms of liters.

12. For a mass-mole problem, the first conversion from mass to moles
is skipped.

13. For a mass-mass problem, the first conversion is from moles to mass.

14. Because mole ratios from balanced equations are exact numbers, they
do not enter into the determination of significant figures.

Part ( Matching

Match each conversion problem in Column A to the correct conversion factors in Column B.

(olumn A (olumn B
mol 18.0¢g
15. 1 3 lecules X X
moles O, — grams O, a. molecules 6.02 X 10% molecules ol
. : . mol 64.1 g
. . X X
16. liters SO, — grams SO, at STP b. liters 224l =
. 32.0¢g
17. molecules He — liters He(g) at STP c. mol X ol
mol 2241
18. grams Sn — molecules Sn d. molecules X 6.02 X 10%molecules bt “mol
: 1  6.02 X 10% molecul
19. molecules H,0 — grams H,0 e. grams X Mo TAgIECIes
119g mol

Part D Questions and Problems
Answer the following questions in the space provided.

20. How many liters of carbon monoxide (at STP) are needed to react with 4.8 g of
oxygen gas to produce carbon dioxide?

2C0(g) + 0,(g) — 2C0O,(g)

21. What mass of ammonia, NH,, is necessary to react with 2.1 X 10** molecules of
oxygen?
4NH;(g) + 70,(g) -» 6H,0(g) + 4NO,(g)

-
'y Rewiew Module/ Chapiers 9-12
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LIMITING REAGENT AND PERCENT YIELD
SECTION REVIEW

Objectives

¢ Identify and use the limiting reagent in a reaction to calculate the maximum
amount of product(s) produced and the amount of excess reagent

® Calculate theoretical yield, actual yield, or percent yield given the appropriate

information
Key Terms
® limiting reagent ® actual yield
® excess reagent ® percent yield

® theoretical yield

Key Equations

® percentyield = agmal yleld

theoretical yield

X 100

Part A Completion

Use this completion exercise to check your understanding of the concepts and terms
that are introduced in this section. Each blank can be completed with a term, short
phrase, or number.

Whenever quantities of two or more reactants are given in a 1.

stoichiometric problem, you must identify the 1 . Thisisthe 2.

reagent that is completely __ 2 in the reaction. The amount of 3.

limiting reagent determines the amountof ___ 3 thatis formed. 4.

When an equation is.used to calculate the amount of product 5.

that will form during a reaction, the value obtainedisthe __ 4 . 6.

Thisisthe _ 5 amount of product that could be formed from a

given amount of reactant. The amount of product that forms when

the reaction is carried out in the laboratory is.called the __6

Part B True-False

Classify each of these statements as always trie, AT, sometimes true, ST, or never true, N1,

7. Normally, the actual yield in a chemical reaction will be equal to or
less than the theoretical yield.

8. The actual yield of a chemical reaction can be caiculated using mole
ratios.

Reviciv Module / Chapiers 9-12 11
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10.

11.

12,

The amount of product can be determined from the amount of excess

reagent.

The percent yield of a product is 100%.

If you had 100 steering wheels, 360 tires, and enough of every other part
needed to assemble a car, the limiting reagent would be tires.

The theoretical yield is the maximum amount of product that could

be formed.

Part ( Matching

Match each description in Column B to the correct term in Column A.

13.

14.
15.
16.

17.

PartD Questions and Problems

Column A
actual yield

limiting reagent

theoretical yield

percent yield

excess reagent

(olumn B

. the ratio of the actual yield to the theoretical yield X 100

. the amount of product formed when a reaction is carried out

in the laboratory

. the reactant that determines the amount of product that can

be formed in a reaction

. a quantity of a reactant left after the limiting reagent is used

up

. the maximum amount of product that can be formed during

a reaction

Answer the following in the space provided.

18. a. What is the limiting reagent when 3.1 mol of SO, react with 2.7 mol of O,

according to the equation:

250,(g) + 0,(g) — 2505(g)

‘b. Calculate the maximum amount of product that can be formed and the
amount of unreacted excess reagent.

12 Review Module / Chapters $-12
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N STOICHIOMETRY
Y RiCTICE PROBLENS

In your notebook, solve the following problems.

SECTION 9.1 THE ARITHMETIC OF EQUATIONS

Use the 3-step problem-solving approach you learned in Chapter 4.

1.

An apple pie needs 10 large apples, 2 crusts (top and bottom), and 1 tablespoon
of cinnamon. Write a balanced equation that fits this situation. How many
apples are needed to make 25 pies?

Two moles of potassium chloride-and three moles of oxygen are produced from
the decomposition of two moles of potassium chlorate, KC1O4(s). Write the
balanced equation. How many moles of oxygen are produced from twelve
moles of potassium chlorate?

Using the equation from problem 2, how many moles of oxygen are produced
from 14 moles of potassium chlorate?

Two molecules of hydrogen react with one molecule of oxygen to produce two
molecules of water. How many molecules of water are produced from 2.0 x 10?
molecules of oxygen? How many moles of water are produced from 22.5 moles
of oxygen?

SECTION 9.2 CHEMICAL CALCULATIONS

1.

Calculate the number of moles of hydrogen chloride produced from 10 moles of
hydrogen.

H,(g) + Cl,(g) — 2HCl(g)

Calculate the number of moles of chlorine needed to form 14 moles of
iron(IIT)chloride.

2Fe(s) + 3Cl,(g) — 2FeCl;(s)
Calculate the number of grams of nitrogen dioxide that are produced from
4 moles of nitric oxide.

2NO(g) + O,(g) — 2NO,(g)

Calculate the mass of oxygen produced from the decomposition of 75.0 g of
potassium chlorate.

2KClO4(s) —> 2KCl(s) + 30,(g)

Calculate the mass of silver needed to react with chlorine to produce 84 g of
silver chloride. Hint: Write a balanced equation first.

How many liters of carbon monoxide at STP are needed to react with 4.80 g of
oxygen gas to produce carbon dioxide?

2C0(g) + 0,(g) — 2C0,(g)
Calculate the number of liters of oxygen gas needed to produce 15.0 liters of

dinitrogen trioxice. Assume all gases are at the same conditions of temperature
and pressure.

2N, () + 30,(g) — 2N,0,(g)

Rev'eww Modle / Che

tpters 9-12
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8.

A volume of 7.5 L of hydrogen gas at STP was produced from the single-replacement
reaction of zinc with nitric acid. Calculate the mass of zinc needed for this reaction.

SECTION 9.3 LIMITING REAGENT AND PERCENT YIELD

1.

14

How many moles of water can be made from 4 moles of oxygen gas and
16 moles of hydrogen gas? What is the limiting reagent?

Calculate the mass of water produced from the reaction of 24.0 g of H, and
160.0 g of O,. What is the limiting reagent?

The burning of 18.0 g of carbon produces 55.0 g of carbon dioxide. What is the
theoretical yield of CO,? Calculate the percent yield of CO,.

Calculate the percent yield of Cl,(g) in the electrolytic decomposition of
hydrogen chloride if 25.8 g of HCI produces 13.6 g of chlorine gas.

One method for reclaiming silver metal from silver chloride results in a 94.6%
yield. Calculate the actual mass of silver that can be produced in this reaction
if 100.0 g of silver chloride is converted to silver metal.

2AgCl(s) — 2Ag(s) + ClLy(g)

What is the actual amount of magnesium oxide produced when excess carbon
dioxide reacts with 42.8 g of magnesium metal? The percent yield of MgO(s)for
this reaction is 81.7%.

2Mg(s) + CO,(g) — 2MgO(s) + C(s)

Revieww Modile | Chapters 9-12
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INTERPRETING GRAPHICS

USEWITH SECTION 9.3

Preparation of Salicylic Acid

Student #1

mass of flask 37820 g ]

flask + C;HgO3 39961 g

volume of C,;HgO3 5.0 mL

L
mass of watch glass 22.744 g
|

watch glass + CoHgO, 1 24.489¢g ]
Student #2 I

mass of flask 37.979g ‘}

flask + C,HgO4 40.010g

volume of C,H¢O; j 5.0 mL

' mass of watch glass 21.688 g

watch glass + C4HgO, [ 24197 ¢

Two students prepared aspirin according to the following reaction in which acetic
anhydride, C,H4O3, reacts with salicylic acid, C;HgO,, to form aspirin, CqHgO,, and
acetic acid, C,H,0,.
C,;H,0; + C,H,0; — C;H0, + C,H,0,

The procedure involved heating the reaction mixture in a water bath for 15 minutes at
75 °C, not to exceed 80 °C. The mixture was removed from the water bath and distilled
water was added to decompose any unreacted acetic anhydride. The mixture was then
placed in an ice bath for 5 minutes to facilitate the formation of aspirin crystals. The
aspirin crystals were collected using filtration. The aspirin crystals were dried and
then transferred to a watch glass and massed.

Because their grades were partially based on accuracy, both students used their very
best lab technique. Which student got the better grade and why?

1. Determine the molar masses of:

a. acetic anhydride, C;H0;.

b. salicylic acid, C;HgOs.

c. aspirin, C,HgO_.

Revicw Module / Chapters 9-12 15
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2. How many moles of salicylic acid were added to the reaction mixture?

Student 1 Student 2

3. Given the density of acetic anhydride to be 1.05 g/mL, what was the mass of the
acetic anhydride added to the reaction? How many moles of acetic acid were
added?

Student 1 Student 2

4. According to the mole ratios in the given reaction, what is the limiting reagent'
in this reaction?

5. What is the theoretical yield, in grams, of aspirin in each reaction?

Student 1 Student 2

6. What was the actual yield, in grams, of aspirin in each reaction?

Student 1 : Student 2

7. What was the percent yield in each reaction?

Student 1 Student 2

8. Evaluate your answers. Which student got the better grade and why?

15 Revicw Module / Chapiers 912
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Class

VOCABULARY REVIEW

Date

Match the correct vocabulary term to each numbered statement Write the letter of the
correct term on the line provided.

1.

2s

3.

Column A
the starting materials in an equation
the amount of substance in grams or moles

the maximum amount of product that could be
formed in a reaction

Avogadro’s number of particles

the substance completely used up in a chemical
reaction

_the ratio of how much product is produced

compared to how much is expected
the calculations of quantities in a chemical reaction
the actual amount of product in a chemical reaction

the substance left over after a reaction takes place

. determining the mass of products from the given

mass of reactants

Revicw Module / Chapters 9-12

(olumnB

amole

stoichiometry

mass-mass calculations

reactants

excess reagent

theoretical yield

limiting reagent
quantity
actual yield

percent yield

17
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STOICHIOMETRY

Date

Quiz for CHAPTER 9

Fill in the word(s) that will make each statement true.

1. The _1 in a balanced chemical equation also reveal the
mole ratios of the substances involved.

2. The number of moles of a product can be calculated from a
given number of moles of __ 2

3. In mass-mass calculations, the gram formula mass is used to
convert massto __3

4 In addition to mass, the only quantity conserved in every
chemical reactionis _ 4 .

5. According to the equation:
2NO(g) + O,(g) — 2NO,(g),
224Lof O, willreactwith __ 5 L of NO at STP.

Classify each of these statements as always true, AT, sometimes true, ST, or never true, NT.

9.1

9.1

9.2

6. The excess reagent determines the amount of product formed in a

reaction.

7. In the reaction: 2CO(g) + 0,(g) — 2CO,(g), using 4 moles of CO to

react with 1 mole of O, will result in the production of 4 moles of CO,.

8. To calculate the percent yield of a reaction, you use the relationship:

theoretical yield

X
actual yield 100

9. The total mass of the excess reagent and the limiting reagent is equal

to the total mass of the products.

10. The actual yield is equal to the theoretical yield.

A

16 Reviciv Module ! Chapress 9-12
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9.3

9.3

9.3
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g /*} STOICHIOMETRY

CHAPTER TEST A

A. Matching

Match each description in Column B with the correct term in Column A. Write the
letter of the correct definition in the blank provided.

Column A Column B
1. dctual yield a. the ratio of the actual yield to the theoretical yield
2. limiting reagent b. the amount of product formed when a reaction is

carried out in the laboratory

3. theoretical yield c. thereactant that determines the amount of product

that can be formed in a reaction

4. stoichiomet "~ . d. aquantity of a reactant that 1s more than enough to
ry q &

react with a limiting reagent

5. percentyield e. the calculated amount of product that might be formed

during a reaction

6. excess reagent f. the calculation of quantities in chemical equations

B. Multiple Choice

Write the letter of the best answer in the blank.

7. Which of these expressions is an incorrect interpretation of the
balanced equation?
25(s) + 30,(g) — 2S05(g)
2 atoms S + 3 molecules O, — 2 molecules SO;
2g5+3g0,—2gS0;4
2mol S + 3 mol O, — 2 mol SO;
none of the above

Bo o

8. Inachemical reaction, the mass of sre-pro@ects: = -
a. isless than the mass of the reactants.
b. is greater than the mass of the reactants.
c. is equal to the mass of the reactants.
d. has no relationship to the mass of the reactants.

9. How many liters of oxygen are required to react completely with
1.2 liters of hydrogen to form water?

a. 1.2L c. 24L
b. 061L d. 481

Review Module [ Chapters 9-12
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11

12

13

14

15.

Class __  Date

How many molecules of NO, are produced when 2.0 X 10?° molecules
of N,0, are decomposed according to the equation:

a. 4 c. 2.0x 10%
b. 1.0 x 10%° d. 4.0 x 10%

How many liters of CO(g) at STP are produced when 68.0 g of CaCOs(s)
is heated according to the equation:

CaCO,(s) = Ca0(s) + CO,(g)

a. 0.679L c. 68.0L
b. 152L d. 30.4L

A reaction that has been calculated to produce 60.0 g of CuCl, actually
produces 50.0 g of CuCl,. What is the percent yield?

a. 0.833% c. 83.3%

b. 96.1% d. 120%

When 0.2 mol of calcium is mixed with 880 g of water, 4.48 L of
hydrogen gas forms (at STP). How would the amount of hydrogen
produced change if the mass of water were decreased to 220 g?

a. Only one-half of the volume of hydrogen would be produced.
b. The volume of hydrogen produced would be the same.

c. The volume of hydrogen produced would double.

d. No hydrogen would be produced.

The equation for the complete combustion of methane js:

CH,(g) + 20,(g) — CO,(g) + 2H,0()
To calculate the number of grams of CO, produced by the reaction of
29.5 g of CH, with O,, the first conversion factor to use is:

a 1 mol CHy _ . 16.0g CH,
16.0 g CH, 1 mol CH,
2 mol O, d 29.5 g CH,
1 mol CO, " 2mol CO,

In any chemical reaction the quantities that are conserved are:
a. the number of moles and the volumes.

b. the number of molecules and the volumes.

¢. mass and number of atoms.

d. mass and moles.

Questions 16, 17, and 18 refer to the following eﬁuation:

20

3Cu(s) + 8HNOz(aq) — 3Cu(NO3),(s) + 2NO(g) + 4H,0()

16. Calculate the number of moles of water produced when 3.3 mol of

17

Cu(NOy), are formed in the reaction.

a. 4.4 mol c. 4.9mol

b. 6.6 mol d. 8.8 mol

How many grams of Cu would be needed to react with 2.0 mol HNO,?
a. Y5.3¢g c. 476¢

b. 6359 d. 1.50¢g

Lzview Moditle / Chapters 9-12
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18. If you could drop 12 atoms of copper into a beaker containing nitric
acid, how many molecules of NO would be produced?
a. 2 c. 8
b. 4 d. 12

(. Problems
Solve the following problems in the space provided. Show your work.
19. What is the limiting reagent when 49.84 g of nitrogen react with 10.7 g of

hydrogen according to this balanced equation?
N,(g) + 3H,(g) — 2NH;(g)

20. How many grams of CO are needed to react with an excess of Fe,0; to produce
558 g Fe? The equation for the reaction is:

Fe,04(s) + 3C0(g) — 3CO,(g) + 2Fe(s)

21. How many grams of butane (C,H;,) must be burned in an excess of O, to
produce 15.0 g of CO,?

2C,Hy,(g) + 130,(8) — 8CO,(g) + 10H,0(g)

22. a. If4.0 g of H, are made to react with excess CO, how many grams of CH;OH
can theoretically be produced according to the following equation?

CO(g) + 2H,(g) — CH;0H({)

b. 1f28.0 g of CH;OH are actually produced, what is the percent yield?

Leview Module / Chapters 9-12
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D. Essay
Write a short essay for the following.

23. What is the importance of the coefficients in a balanced chemical equation?

£ AdditionaI‘ProbIems

Solve the following problems in the space provided. Show your work.

24. A5.00 X 10% g sample of Al,(SO,), is made to react with 450 g of Ca(OH),. A total

of 596 g of CaSO, is produced. The balanced equation is:
Al,(SO,)5(agq) + 3Ca(OH),(aq) — 2AI(OH)5(s) + 3CaSO,(s)

a. What is the limiting reagent in this reaction?

b. How many moles of excess reagent are unreacted?

25. How many liters of O, aré nee®®d to react completely with 10.0 L of H,S at STP
according to the following reaction?

2H,S(g) + 30,(g) — 250,(g) + 2H,0(g)

22 Review Module ! Cheviers 9-12
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26. The decomposition of potassium chlorate gives oxygen gas according to the
reaction:

2KClO5(s) — 2KCl(s) + 30,(g)
How many grams KCIO, are needed to produce 5.00 L of O, at STP?

27. Suppose that the reaction described in question 26 produces 4.80 L of O, in the
laboratory. What is the percent yield?

Review Nodule / Chapters 9-12
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Class Date

A. Matching

Match each term in Column B with the correct description in Column A. Write the letter of the correct
term in the blank provided.

{olumn A ColumnB

1. the substance that determines the amount of product that a. percent yield
can be formed in a reaction ‘

2. the amount of product that forms when a reaction is b. limiting reagent
carried out in the laboratory '

3. the calculation of quantities in chemical equations c. theoretical yield

4. the ratio of the actual yield to the theoretical yield d. stoichiometry
expressed as a percent

5. the substance that is present in enough quantity to react  e. actual yield
with a limiting reagent

6. the maximum amount of products that could be formed f. excess reagent
from given amounts of reactants

B. Multiple Choice

Choose t_he best answer and write its letter in the blank.

7. Ina chemical reaction:
a. mass is conserved. c. moles are conserved.
b. atemsare conserved. d. both mass and atoms are conserved.

8. Which of the following is a correct interpretation of this balanced
equation? _
2 atoms Al + 3 molecules Pb(NO3), — 2 molecules Al(NO3); + 3 atoms of Pb
2 grams Al + 3 grams Pb(NO3), — 2 grams AI(NO;); + 3 grams Pb
2 moles Al + 3 moles Pb(NO;), — 2 moles AI(NO,); + 3 moles Pb
both a and ¢

o TP

9. If 3.0 moles of HCI are consumed in the reaction below, how many
moles of FeCl; are produced?

6HCI + Fe,0, —> 2FeCl; + 311,0

a. 0.50 1ol c. 2.0 mol
H. 1.0 mol d. 4.0 mol

24 Review Module i Chaprers 9-12
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Given the equation 2H,0 — 2H, + O,, how many moles of H,O would
be required to produce 2.5 moles of O,?

a. 2.0 mol ¢. 4.0 mol

b. 2.5 mol d. 5.0 mol

If 3.00 mol of CaCO; undergo decomposition to form CaO and CO,,
how many grams of CO, are produced?
a. 3.00g : c. 880¢g

b. 440¢g d. 132¢

If CuO + H, — Cu + H,0, how many moles of H,O are produced when
240 grams of CuO react?

a. 1.0 mol ¢. 18 mol

b. 3.0 mol d. 54 mol

Given the balanced equation 16HCI + 2KMnO, — 2KCl + 2MnCl, +
5Cl, + 8H,0, if 1.0 mol of KMnO, reacts, how many moles of H,O are

produced?
a. 0.50 mol c. 4.0 mol
b. 2.0 mol . d. 8.0 mol

Based on the equation in question 13, how many grams of KCl are
produced when 1.0 mo! of KMnO, reacts?

a. 10g c. 150¢g

b. 75¢g d. 158¢g

1f 110 grams of HCl are used in the reaction 6HCl + Fe,04 — 2FeCl; +
3H,0, how many moles of FeCl; are produced?

a. 1.0 mol c. 3.0 mol

b. 2.0 mol d. 6.0 mol

In the reaction Zn + H,SO, — ZnSO, + H,, how many grams of H,SO,
are required to produce 1.0 gram of H,?

a. 1.0g c. 49¢g

b. 20g d. 98¢

1f 18 grams of carbon react with oxygen to produce carbon dioxide,
how many molecules of oxygen would be required?

a. 1.5 molecules c. 9.0 ¥ 10® molecules

b. 48 molecules d. 3.2 ¥ 10* molecules

Given the reaction 2NO(g) + O,(g) — 2NO,(g), if 6.5 L of O, react at
STP how many liters of NO, are produced?

a. 6.5L c. 26L

b. 3.2L d. 13L

Given the reaction Zn + 2HCl — ZnCl, + H,, if 2.0 mol Zn and 5.0 mol HCI
arc allowed to react:

a. Znis the limiting reagent.
b. HClis the litniting reagent.

c¢. 1.0 mol of ZnCl, is produced.
d. 5.0 mol of H, is produced.

Rericw Module ! Chapters H-12
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20. Once the reaction in question 19 is completed, how many moles of
excess reactant remain?
a. 3.0 mol c. 4.0 mol
b. 1.0 mol d. 2.0 mol

21. Given the reaction CaCOs(s) — CaO(s) + CO,(g), if 50.0 g of CaCO;,
react to produce 20.0 g of CO,, what is the percent yield of CO,?
a. 66.7% c. 90.9%
b. 40.0% d. 250%

(. Problems

Solve the following problems in the space provided. Show your work.

22. Ammonia, NHj, is a typical ingredient in household cleaners. It is produced
through a combination reaction involving N,(g) and H,(g). If 12.0 mol of H,(g)
react with excess N,(g), how many moles of ammonia are produced?

23. The compound tin(II) fluoride, or stannous fluoride, once was a common
ingredient in toothpaste. It is produced according to the following reaction:

Sn(s) + 2HF(g) — SnF,(s) + H,(g)

If 45.0 grams of HF react with Sn, how many grams of stannous fluoride are
produced?

24. The combustion of methane, CH,(g), can be described by the following
equation: -

CH,(g) + 20,(g) —» CO,(g) + 2H,0(g)

If 150 moles of carbon dioxide are produced, what mass, in grams, of methane
is required?
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25. If aluminum reacts with oxygen according to the following equation:
4Al(s) + 30,(g) — 2AL,04(s)

what mass, in grams, of the product would be produced if 625 mL of oxygen
react at STP?

26. Given the following reaction:
CaCO5(s) — CaO0(s) + CO,(g),

if 50.8 grams of CaCO, react to produce 26.4 grams of CaO, what is the percent
yield of Ca0? :

D. Essay
Write a short essay for the following.

27. Based on the following general reaction, if 1.0 mole of A is allowed to react with
2.0 moles of B, which reactant is the limiting reactant and what amount of A,B;
can be produced?

2A + 3B — A,B,

~
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E. Additional Problems

Solve the following problems in the space provided. Show your work.

28.

29.

30.

31.

32.

In photosynthesis, plants use energy from the sun in combination with carbon

'dioxide and water to form glucose (CgH,,0¢) and oxygen. If 4.50 moles of water

react with carbon dioxide, what mass of glucose is produced?

Acetylene gas (C,H,) is used in welding and produces an extremely hot flame
according to the reaction:

2C,H,(g) + 50,(g) — 4C0O,(g) + 2H,0(g)
I£5.00 X 10* g of acetylene burn completely, how many grams of carbon dioxide.
are produced?

Given the following reaction:
3H,S0,4(aq) + Caz(PO,),(s) — 3CaSO,(s) + 2H;3PO4(aq),
if 1.25 % 10° kg of H,S), react, how many kilograms of H;PO, are produced?

Ammonia and copper(Il) oxide react according to the following:
2NH;(g) + 3CuO(s) — N,(g) + 3Cu(s) + 3H,0(g)
1f 57.0 g of ammonia are combined with 290.0 g of copper(II) oxide:

a. Identify the limiting reactant.

b. How much of the excess reactant remains, in moles?

c. What mass of nitrogen gas is produced, in grams?

If ammonia reacts according to the following equation, how many kilograms of
NO could be produced from 10.0 kg of NH; if the percent yield of NO is 80.0%?

ANH,(g) + 50,(g) — 4NO(g) + 6H,0(g)

Evview Module / Chaptersi--12
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ANSWER KEY

Section Review 9.1
Part A Completion

1. moles/molecules
2. balanced equation
mass/atoms
atoms/mass
moles

2L

STP (standard temperature and pressure)

Part B True-False

7. AT 9. AT 11. AT
8. ST 10. ST 12. ST
Part ( Matching

13. b 15. f 17. ¢
14. d 16. a 18. e

Part D Questions and Problems
19. molesN, =2
moles O, = 3
moles N,O4 = 2
molecules N, = 2
molecules O, = 3
molecules N,0; = 2
volume N, =2 X 2241 =448L
volume O, =3 X 224 L =67.2L
volume N,O; =2 X 224L =448L
2molN, = 56¢g
3molO,= 9g
mass reactants = 152 g
2mol N,O; = 152 g
mass product = 152 g

20. 14 mobFeet, x — 0ol Cly

?‘M = 21 mol Clz

Section Review 9.2
Part A (ompletion

1. representative particles
volumes

coefficients

mole ratios
product/reactant
reactant/product

A S

moles

Part B True-false

8. AT 11. ST 13. NT
9. NT 12. NT 14. AT
10. AT

Part ( Matching

15. ¢ 17. d 19. a
16. b 18. e

Part D Questions and Problems
lmetQ, 2mel€O
. 4. X = X
20. 4888, 3200, 1 meto,
, 2241CO
1 met€O

=6.7LCO

21. 2.1 X 10* moleeutes O,

» 1 metO;, 4 molNH;
6.02 X 10% moleedtes©; = 7melt0;
17.0 g NH, '

K ——=>—-= =33.9gNH
1 metNH; §NHs

Section 9.3
Part A Completion

1. limiting reagent 4. theoretical yield

2. used up 5. maximum

3. product 6. actual yield
Part B True-false

7. AT 9. NT 11. AT

8. NT 10. ST 12. AT
Part ( Matching , g
13. b 15. e 17.d
14. ¢ 16. a

PartD Questions and Problems
1 mol O,
2 motS0,
= 1.6 mol O, needed
SO, is the limiting reagent.
2 mol SO,
2 metSO,
= 3.1 mol SO, can be formed
2.7mol 0, — 1.6 mol O,
= 1.1 mol O, in excess

18. a. 3.1.melS0, X

b. 3.1melSO, X

Answer Key 107



Practice Problems 9

Section 9.1

25 AE5C1 X
2
2. 2KClOs(s) — 2KCl(s) + 30,(g)

3 mol O
12 melKeto, X ———2
37 2 melketo,

3 mol O,
2 melKEIo;
4. 2H,(s) + 0,(g) — 2H,0(g)

= 250 apples

=18 mol O,

2 molecules H,0

2.0 X 10% moleetttes O, X
27 1 meleeute O,

= 4.0 X 10* molecules H,0

2 mol H,0

22.5 met;, X
2 1 .met©;

= 45.0 mol H,0

Section 9.2

2 mol HCI
1 motH,
3 mol Cl,

2 melFeCly

2 mel NG, 46 g NO,
2meHNU = 1 melNG,
= 184 g NO,

1. 10metH, X = 20 mol HCl

2. l4melfeCl; X =21 mol Cl,

3. 4 me}INO X

1 molKEIO;
4. 75.0gKE0, X ————=
>0 858105 X 197 6 g xeio,

3 mel 0, 32.0g0,
X =294
x 2melKEI0; 1meld; 9480,
5. 2Ag(s) + Cl(g) — 2AgCl(s)

1 metAgCl
g-AgCl X X
84 43.5 g AgCl

108 g Ag
X ——275 — g3 gAg
1 meltAg e

1metO,  2metCO
. 4, g/e X X
 GHRESS 3200, 1melo;

224 1L CO
X ————— =6.72L CO
1 mel€O

2 melAg
2 metAgCl

3L0,
2165

8. Zn(s) + 2HNO, — H,(g)
1 metH
7.5 LH, X %

224;1(2
y S5ABIN _ o)y
1 metZn

4 b &
7. 15.01350; ¥ =225L0,

+ Zn(NO;),
1M
1 mett,

108 Answer Key

Section 9.3
1. 2H,(g) + 0,(g) — 2H,0(g)
2 mol H,
1 mol O,
2 metH;
Oxygen is the limiting reagent.

2 mol H,0
4 mel, X ———=—
27 1 metty,

= 8 mol H,

16 melH, X =8 mol O,

= 8 mol H,0 formed

2. 2H,(g) + 0,(g) — 2H,0(g)

1 met ),
160.0 g0, X X
60.080, 32.0 g0,

= 10.0 mol H, needed
Oxygen is the limiting reagent.
2metH;0  18.0gH,0
5.00 meto; X = -
27 1met6;, = 1meHH0

2 mol H,
1 met 0,

=180 g H,O
3. C(s) + 0,(8) — CO,(g)

18.0 g€ X 12 g€ X

44 44.0 g CO, CO2
1 = 66.0 g CO,

1 met€O;,
1 melC

55.0 g CO,
66.0 g CO,
4. 2HCl(g) — H,(g) + Cl,(®
1 melHHCT
’ X X
: 5.8 gJ%G[ 36.5 g HEI

710gC12
=25.1 1
* L ek, L &L

percent yield = X 100% = 83.3%

1 metCl,
2 me}HCT

13.6 g Cl,
25.1gCl,
1 moelAgCT %
143.5 g Ag€l

=753gAg

percent yield = X 100% = 54.2%

2 metAg
2 motAgCl

5. 100.0 g AgCT X

” 108 g Ag
1 motAg
mass of Ag(s) reclaimed = 0.946 X 75.3 g Ag
=71.2gAg
2 molitgO
2 mehivig

6. 42.8 gy x 20ME
24.3 g Mg
40.3 g MgO
= 71.0 g MgO
1 metMgO B8
actual yield = 71.0 g MgO X 0.817
= 58.0 g MgO
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Interpreting Graphics 9
1. a. 102.1 g/mol c. 180.1 g/mol
b. 138.1 g/mol

2. Student 1: 0.0155 moles SA
Student 2: 0.0147 moles SA
3. Student 1: 5.25 g acetic anhydride
0.0514 moles
Student 2: 5.25g acetic anhydride
0.0514 moles

4. salicylic acid
5. Student 1: 2.79 g
Student 2: 2.65¢g

6. Student 1: 1.745g
Student 2: 2.509 g

7. Student 1: 62.5%

Student 2: 94.7%

8. Student 2 exhibited much better lab
technique, which is reflected by a higher
percentyield than that obtained by Student 1.
Student 2 should receive the higher grade.

Vocabulary Review 9

1. d 5. g 8. i
2. h 6. j 9. e
3. f 7. b 10. ¢
4. a

Quiz for Chapter 9

1. coefficients 6. NT

2. reactant 7. NT

3. moles 8. NT

4. atoms 9. NT

5. 44.8 10. ST
(hapter 9 Test A
A. Matching

1. b 3. e 5. a
2. ¢ 4, f 6. d
B. Multiple Choice

7. b 11. b 15 ¢
8. ¢ 2. ¢ 16. a
9. b 13. b 17. ¢
10. d 14. a 18. ¢

(. Problems

19. There is no limiting reagent, because the
mole ratio of the reactants is 1 mol N, to 3
mol H,.

lmeH?E 3met€O
. 558 gFE X ————
2055 55.8 g/Pé 2 metFe

280gCO
=4.20 % 10?
X T =4.20 ¥ 10°g CO

1 mol CO,
44 g CO,

2 mol C,H,,
8 mol CO,

21. 15.0 g CO, X

58 g C,H,,
1 mol CH,
22. a. Theoretical yield:

4.0 gH, ¥ LmeotH,

2.0 gH,
. 32.0 g CH;0H

1m91—€—H'6’H’

280¢g
320g

=4.94 g C,Hy,

1 melEHz0H
2 melt,

= 32.0 g CH,0H

b. Percent yield: X 100% = 87.5%

D. Essay

23. The coefficients of a balanced chemical
equation describe the relative number of
moles of reactants and products. From this
information, the amounts of reactants and
products can be calculated. The number of
moles may be converted to mass, volume, or
number of representative particles.

E. Additional Probiems

1 molA:SO,T;
00 X 102 A Mo oUy)s
24. a. 5.00 X 10° g AL{SO); X 342 g AL{SO,
3 mol€aSU; 136 g CaSO,
1m9LAHS®'T3 1 mol-€aSo;
= 596 g CaSO,
1 moelAL(SOLT;
i X 2 N
5.00 X 10* g AL{SO7), 342 g ALISET,
Xixg@l—e‘a—f@ﬁ)’z ><14.1 g Ca(OH),
1 molALSOT;

1 mol-CatoH],

-: 325 g Ca(OH), - B
Al,(S0,); is the limiting reagent.

b. 450 g — 325 g == 125 g excess Ca(OH),

1 mol Ca(OH),
25 g (C 1T, X 2
125 g Catoi], 74.1 g CatOHT,

= 1.69 mol Ca(OH), remaining

3 met0;
25. ]OOLHZSX2 elfH/S

=15.0L 0,

Answer Key 109



1 met©; 2mel—l€6t0’
26. 5.00 ¥ 2 3
Lo, 224;62 3 meto;
122.6 g KCIO,
X ——2——3 =18,
| molKeio, 18.2 g KCIO4
480L
. X = 96.
27. 5T X 100% = 96.0%
Chapter 9 Test B
A. Matching
1. b 3. d 5. f
2 e 4. a 6. C
B. Multiple Choice
7. d 12. b 17. ¢
8. d 13. ¢ 18. d
9. b 14. b 19. a
10. d 15. a 20. b
11. d 16. ¢ 21. ¢

(. Problems
2 mol NH;4
3 melH;
1 meolSnF, 1 metHF
ZmeH‘FFZ 200 g HF K450 gHE
156.7 g SnF,
1 melStF;
1me¥€‘H’

24. X 150 met€O; X —————
1me§—€6’

X 12.0 motH; = 8.00 mol NH,4

23.
=176 g SnF,

16.0 g CHy
1 mel-€H;

=24 x10°gCH,

2melAl0y  1met0; 1V
3 mot0; 224;@/2 1000 pal.

102 g ALO,
X 625 mL0, X — 82

lmel—f‘d’O’a
1 motcatO,

. 50.8 N acasiio s
26. 50.88Ca€0s X 0010 Caeor,

1 mok€aO _ 56.1gCa0
1 motCa€o; 1 mek€an
= 28.5 g CaO
actual
theoretical
~ 26.4gCa0l
- 28.5gCa0
= 92.6% yield

25.

% yield = X 100%

X 100%

110 Answer Kev

D. Essay

27. Based on the 2:3 molar ratio between A and B,

the 1.0 mol of A requires only 1.5 mol of B in
order to react completely. The maximum
amount of A,B; that can be produced (0.50
mol) is thus limited by the amount of A that is
available, with 0.50 mol of B remaining in
excess.

E. Additional Problems
28. 6CO, + 6H,0 =&, C,H,,04 + 60,

29.

29.

31.

1 molcH70;
X 4.50 meHH0
6 motHt;0

. 180 g CgH,,0q
1 mol-cgH30,

4mel—€©‘
X 5.00 X 10*
2merem, 000 X107 gGt

1mel—€gH§ y 44.0 g CO,
260g,91¢1“2 1. mel€O;

= 1.69 X 10° g CO,
2 melH;PO; ‘
leleOSKg}IfSO’
3 meHH;S0; ¢
, 1 moHHzS0; 1000 g 98.0 ¢ H,PO,
981gH28©] 1k 1memgPo;

1kg i
= 0. X
1000 g = 832X 10 kg H;PO,
3 mol CuO lmeH*THg
X 57.0 g NH
& molNE, | 17.0gNH; 3

= 5.03 mol CuO needed

1 mol Cu0
290.0gf9n0><ﬁnéo—u

= 3.65 mol CuO present
Thus, CuO is the limiting reagent.’

2 mol NHy
. ————— X 3.65 metcu0
b 3 molcuU

= 2.43 mol NHj react

. 1 mol NH,4
OgMNH X ——— =
Smce__S? 0 3 17.0 g,

= 3.35 mol NH; present
2.43 mol

X

NH; excess = 3.35 mol —
= 0.92 mol
1 metiN; '
. =X 3.65me}cul X
“ 3 mel€u0

=341¢gN,

28.0gN,
1 metiN,

i

A
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32.

4 metNO 1000 g
T——?XI0.0MX lké
1memmx3o.ogNo lkg
170g,NH§ 1 metNO ~ 1000 ¢
X 0.80 = 14.1 kg NO

X

Section Review 10.1

Part A (ompletion

1. motion 6. collisions

2. empty space 7., /kinetic energy
3. far apart 8. atmospheric
4. independently 9. 0°C

5. random ’10. 101.3 kPaor1 atm
Part B True-False

11. ST 13,/ NT 15. NT
12. AT 14. AT 16. AT
Part ( Matching

17. b 19. d 2]. a

18. ¢ 20. e

Part D Questions and Problems

22,

23.

24,

101.3 kPa '
4.30 anﬁ = 436 kPa -
Clawf
76
4.30 g X inﬂl— ng—3.2’7><103mmHg

According to the kinetic theory, the particles
in a gas move rapidly in constant random
motion. Because gas patticles are far apart,
no attractive or repulsive forces exist between
the particles. They travel in straight lines and
move independently of each other. The
particles change ' direction when they
rebound from collisions with one another or
with other objects.

Odors travel long distances from their
sources.

Section 10.2

PartA (ompletion

1. condensed 6. vaporize

2. denser 7. vapor pressure
3. vaporization 8. manometer
4. liquid 9. vapor pressure
5. cooling 10. 1 atm

Part B True-False

11. ST 13. NT .. 15. ST
12. ST 14. AT 16. ST
Part ( Matching

17. a 19. ¢ 21. b
18. e 20. d

Part D Questions and Problems

22, At the boiling point, the kinetic energy of
some of the particles is strong enough to
overcome the intermolecular forces that hold
together the particles in the liquid state.

23. Liquid B would evaporate faster because it
has a higher vapor pressure. The evaporation
rate of a liquid 1s directly proportional to its
Vapor pressure.

24. Evaporation /leads to cooling of a liquid
because the/gaseous particles require heat to
evaporate;/as they evaporate, they remove
heat engrgy from the liquid and the
temperature drops.

Section10.3
Part A '(ompletion

1. incompressible 6. high

2. ‘fixed 7. crystalline
3. melts 8. lattice

4. melting point 9. unit cell
5. freezing points 10. amorphous
Part B True-False

11. AT 13. NT 15. AT
12. ST 14. ST/

Part ( Matching /

16. f 19.,a 22. ¢
17. d 20/ b 23. ¢
18. g 21 h

Part D Questions and Problems

24. When a sglid is heated, its particles vibrate
more rapidly as their kinetic energy increases.
When heat is sufficient, the disruptive
vibrations of the particles are strong enough
to overcome the interactions that hold them
in fixel positions. The organization of the
particles within the solid breuks down and
the solid becomes liquid.

Ansier Key o 11



Section 10.4
Part A (ompletion

1. melt 6. 0.016°C /
2. condense 7. 0.61 kPa/
(0.0060/atm)
3. phase diagram 8. Sublirhation
4. equilibrium 9. vapdr pressure
5. triple point 10. Na‘pthalene

Part B True-False

11.
12.

NT 13. NT /  15. NT
AT 14. AT / 16. NT

Part ( Matching

17.
18.

b 19./d 21. a
c 209. e 22. f

PartD Questions and Problems

23.

24,

Some sofids have such a high vapor pressure
that théy pass directly from the solid state to
the gdseous state and back. This process is
call¢d sublimation.

Thé temperature of the. system remains
gonstant while the change of state is

‘occurring.

- Practice Problems 10
Section 10,1

1.

112

According to kinetic theory, the pressure of a
gas results from the collisions of gas particles
with the walls of a container. The force of the
collisions depends on the avefage speed at
which the gas particles are trateling. Because
the average speed of a collection of gas
particles is directly proportional to the Kelvin
temperature, an increase/in temperature will
increase the pressure ingide the tire. If the tire
is cooled, the pressure inside the tire will
decrease.

Setting aside fluctyations due to changes in
the weather, yoy would notice that the
pressure reading on the barometer would
decrease as you tlimbed in altitude.

' 1 atm

. 7543 L — L8 _ 49925 atm
HEL &/ 760 mprfig a

/

/ 101.3 kPa
54.: g X —————=1005kP
7 Sm}anb 760 mu g 100.5 kPa

A I
LSl NEY

2. Allotropes

4. The average kinetic energy of the particles of

a substance is directly proportional to the
Kelvin Temperature.
—100.0°C + 273 = 173K

73°C+273 =346K
Thus, because the Kelvin temperature
increases by a-factor of two, the average
kinetic energy increases by a factor of two.

Section 10.2

1. Ingeneral, the intermole(;/ﬁlar forces between

particles in a gas are wéaker than the forces
between particles of afiquid.

2. If the beaker is sealed, the vapor pressure will

increase until a dynamic equilibrium has
been established/ At equilibrium, the rate at
which liquid mélecules are vaporizing equals
the rate at /which vapor molecules are
condensing/

3. The fastgst runner corresponds to the

moleculés in a liquid with the greatest kinetic
energy/ If these molecules have sufficient
kjne;,‘ré energy, they will vaporize, leaving
behind slower molecules (runners), that is,
mpolecules with a lower average kinetic
energy.

4. /The boiling point is the temperature at which

the vapor pressure of water just equals the
external atmospheric pressure. Under
normal atmospheric pressure, the boiling
point for water is 100 °C. Once the water
begins to boil its temperature remains
constant no matter how much extra heat is
added. As the external pressure is increased,
the temperature required to produce the
corresponding vapor pressure also increases
as does the temperature of the water at
. boiling. Thus, by increasing the external
pressure, pressure cookers make it possible to
heat foods to higher terhperatures, which
reduces the cooking time/

Section 10.3

1. The carbon atoms of graphite are packed in

sheets. In diamond, each carbon atom is
strongly bonded §0 four other carbon atoms
in a regular threg-dimensional array.

aré two or more diffcrent
molecular forms of the same element in the
same physical state. Diamond and graphite
are both composed of carbon and are both
solids urder standard conditions. However,
the arrangement of the carbon atoms in

Prentice Hall, Inc. All rights reserved,
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‘Chemical Stoichiometry

Introduction

Chemical stoichiometry refers to
the relationships between the
amounts of reactants and products
in a chemical reaction.

An Example

How many grams of H, wculd be
needed to react completely with 20
grams of O, in the following reac-
tion?

H, +0, = HQO

The technique we will use to solve
problems such as this will be essen-
tially the sume. Namely, we will go
through the following four steps;

{a) BALANCE THE EQUATION
{b} CONVERT TO MOLES

{c} EXAMINE MOLE RATIOS
{d} CONVERT UNITS

One Step At A Time

At this point the above example
may not make complete sense to
vou. That's OK. We will useitasa
reference point and come back to it
later.

Right now you should be able to
convert from grams to moles and
vice versa. As a reminder, the fol-
lowing relationship may come in
handy later;

Moles =

L

Grams of X
Molar Mass of X )

Later we will practice doing some
mole/gram conversions in case you
are a little rusty. .

Balancing Chemical Equations
What does 1t mean when we say
that a chemical equation 1s "bal-
anced" ?
L.et's look at our previous chemi-
cal equation;

H, + O2 — HzO

For an equation to be balanced, it
must have exactly the same number
of each type of atom on each side of
the equation. Our above example is
obviously not balanced...

[fes)

F O =

lao)

0

2

Products
2 hydrogen atoms

Reactants

( 2 hydrogen atoms

|2 oxygen atoms ‘

1 oxygen alom

As you can see there is an equal
number of hydrogen atoms on each
side of the equation. However, on
the reactant side, (theleft) we have
2 oxygens and on the product side,
(which is the night) we have only
one oxygen.

To remedy this situation we will
try to add an oxygen atom to the
rightside..We will do this by adding
a coefficient.

NEVER TRY TO BALANCE AN
EQUATIONBY CHANGINGTHE
SUBSCRIPTS OF ANY OF THE
CHEMICALS!

Let's see how we can add an oxy-
gen atom by using a coefficient.

— 2H
Reactants

4 hydrogen atoms 1
2 oxygen aioms J

| Perhaps it is easier to see what is
| happening schematically.

Products
T ]
4 hydrogen atoms |

2 oxygen atoms

As you can see we started with ;

2 molecules of H,

this is 4 atoms of hydrogen.
and,
1 molecule of O,

this is 2 atoms of oxygen.

And we also finished on the right
side with;

2 molecules of H,O
this 1s 4 atoms of hydrogen
& 2 atoms of oxygen.

Other Examples of Properiy Bal-
anced Chemical Equations...

2KCIO, » 2KCl +30,
CH, + 20,— CO, + 2H,0
2NO + O, —

P4+502——‘»

Mg + 2HCl— MgCl, + H,




Practice Balancing Equations

Fill in the number in the missing
blank that will make each of the
following reactions balanced.

[a] FeS + SHCI— FcCl, + HS
[b] Xe + 3F,—  XcF,

(] &HI — H, + 1,

[dl ALO, + LHCI— 2AICI, + 3H,0
fe] 2 Au,0,— ,4 Au + _3;_02

(0 2Zn + O,— <LZnO

[¢) 2H,S + 2.0, 2H,0 +250,
[(h)=C + 0,— 2CO

[l N, + 2H, — 2NH,

] 2Na + 1 ClL — 2NaCl

Now check your answers on your
teachers answer key. Remember
never change any of the subscripts...
only the coefficients. Changing the
subscripts changes the composition
of the compound in queéstion.

Coefficient is 2

2 CuSO,
Jﬁ;}v Subscript is 4

In the next section you will try to
balance some equations on your
own. Remember, you may have to
add more than one coefficient to
make an equation baiance. In fact
youmay have to go back and forth a
number of times to make things
work out properly.

o
ke -

| On Your Own...

In each of the following equations
supply whatever cosfficients are
needed to make the equations bal-
ance.

(1] s8b +3Br,—— < SbBr,

«

[212Mg + O,——  MgO
(3] NHNO,—— N.,O +aH.0
[4] Ca +,0—  Ca(OH), + H,
(5] Cu +3HgNO,— Cu(NO,), +<Hg
[6] BaO + H,0—

Ba(OH),

[7] NH, + O, —— NO + H,0

(8] Al + F,—— AlF,
B Cu + S=—% Cub
[10] Fe + O,—  Fe0,

[i1] H, + O,—— HO

(12] HgO—— Hg + O,

(13]

Fc,O, + H, —— Fe + HO

[14]

Mg + Nz——> Mg3N2

[15] 0,—— O

(171 NHClI + Ca(OH),—/

CaCl, + NH; +HO

(18] HBr + O—— Br, + HO
(199 C + 0,—  CO,
(20) H,SO, + Li— LiSO, + H,
[21] HCl + NaOH— NaCl + H,0
[22)* NH, + O~ NO + HO
23 1, + #NO—

HO, + NO, + H,0

The last two problems may be
somewhat more challenging.
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Starting Stoichiometry

Stoichiometry sounds like such a
strange word. Actually 1t come:
from two simple Greek roots; stoic,
meaning equal, and metry meaning
to measure. Stoichiometry then
means "equal measure". The word
itself is pronounced s-toy-KEY-
ahm-etry.

As we said on the first page, stoi-
chiometry refers to the relative
amounts of chemicals either con-
sumed or produced in a chemical
recction.

Frequently a chemist might be
interested in how much of one
chemical would be needed to react
with a given amount of another.

Example 1

Suppose that 50 grams of Magne-
sium is combined with oxygen ac-
cording to the following reaction;

LMg + 0,— MgO

We wish to know what mass of
MgO could be produced. We can
begin by using the four steps that we
used on page 1.

1. Balance the equation ‘
2. Convert to moles

3. Examinc the mole ratios
4. Convert to desired units

To begin with we will balance our
equation. We can do this easily as
follows; (step 1)

2 Mg MgO |

+ 0, —» 2
J

Count the atoms on each side to
convince yourself that it's balanced.

Next we need to convert ali
amounts into moles. We can do this
as follows: (s:iep 2)

Mass of X
Moles =
i Molar Mass X
50 g Mg

Moles = ~
: 24.3 grams/mole Mg

24.3 is the atomic weight of \)
Mg from the periodic table.

= 2.06 moles of Mg

Our third step will be to set up a
ratio between the two chemicals
involved in our problem. The two

and MgO. (this is step 3)

We look at the coefficients of our
two chemicals. Since they are both
2wehavea 2:2 oressentiallya 1:1
ratio. This means that for every
mole of Mg that reacts... we will
have 1 mole of MgO produced.

However we had 2.06 moles of
Mg react (see step 2) so this means
that we will have 2.06 moles of
MgO produced.

Our 4th step is simply to convert
from 2.06 moles of MgQ into what-
ever units are asked for. Inthiscase
they want grams so...

’

Simply convert 2.06 moles of MgO
into grams. (step 4)

(2.06 g Mg0O)(40.6 grams/mole)

= 83.6 grams of MgO produced

This 1s our final answer!

chemicals mentioned here are Mg

But What If...

1 know what vou are thinking...
V-'hat if the mole ranio1sn't & simple
1:1 ratio? Let's look and see.

Example 2

Let's suppose that 100 grams of
aluminum reacts with sulfur as
shown below;

Al + S — A1283

How many grams of sulfur would
be needed to react with our alumi-
num ?

Step 1 Balance Reaction

2Al + 38— ALS,

+

rgtep 2 Convert to Moles ]

100 g Al

Wl = 3.7 moles Al

[Sjep 3 Set Up Mole Ratios |

Look at the ratios between the
chemicals mentioned in the prob-
lem. (Aland S)

2

i

+ 38 = ALS,

Theratio1s 2:3 so we set up aratio;

2 _ 3
3.7 moles Al X moles of S

X = 5.55 moles of S

Note: The 2 & 3 in the above ¢quation came
from the cocfficients of the chemicals involved.
The 3.7 moles of Al came from siep 2. And X
1s our number of moles of Sulfur.

j -
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¢ Step 4 Convert Final Units«—]

Notice that the units on our an- |

cwer are currentlv moies. To con-
vert this into grams we will simply

multiply the number of moles of
sulfur by 1ts molar mass. i

(5.55 moles §)(32 grams/mole)

= 177.6 grams of S

Now it's your turn...

OK now you get to try a few on
your own. Remember to use the 4
steps that we went over. When you
set up your mole ratio in step 3
simply use the coefficients in the
balanced equation for your numera-

tors and the number of moles from |

step 2 for one of your denomina-
tors. The other denominator will be
X.

There 1s a pentodic table on the
next page.

1JKNO, —=JKNO, + O,

How many grams of O, could be pro-
duced from 200 grams of KNO, ?

~ A1) e 3 ’}' i ]
~— - /,\ /’?gfoﬂ/»li}' Na, LY. 0l
A\ 3
(00O, 49,50
101, Do/ ok
/ G L 0natd ) ) :
T3 T O79%..4 04
| v 1 A e
/ D 4J ~ ’} a ) N
S /

NOTE: THE SUBSCRIBERS COPY OF THIS ISSUE CONSTAINS

2. NH, + HCl —  NH,Cl

How many grams of HCl would be
needed o react completely with 50g
of NH, ?

SVa ~ ? A ro -
—_— O et o ¢
[ 20
"3{ 7 2 ” )’ ’ ‘Ja
) b b
JO Fqlicd ) 38
~J

3. 0Fec +2ClL— O FeCl,

How many grams of FeCl3 could be
produced starting out from 250 grams
of Fe?

) ” ) ) I(f—
< U fl ba) [/ =
= ) -~ L/, L! 3 o mrpfa =
5 -~ / LS nY
/\/9\-" w3 J a0 I
/I 7
fj - 2
— /

4.OKCIO, = O KCl

3 *® ”Oz

I 40 grams of KCi were produced
in the above reaction, then how
many grams of O2 must have

also been produced ?

[f \ y Pk ‘/ o ,J‘, /7 /)
) - 0, % w5 Ane
o/
/LN
,; i) ) f /’ Q
i | y{ )
. P / ")
O. {04 mveUq
~ 4 i N\ -

| ) ) \
ot )
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AN INSERT WITH SOLUTIONS TO ALL PROBLEMS!

Ammonia 1s produced by the
Haber process which combincs
clemental hydrogen and nitrogen
gas as shown below;

N, +3H — ONH,

2

a. How many grams ol H, would
be needed to react completely
with 50 grams of N, ?

=P = Y aely

Cid /—{M:& ;.c;,

D89 e D

b. How many grams of NH,
could be produced from 50 g
of N, ?

0 &
v I M o
[ A T8 ¢ — =

——

/ T ,'/‘ ¥y A ‘
A P4 o B — borﬁp ,3/" ‘

J,».y_»
c. Whatis the relationship bet- |
~wegn. 50 grams of N,, your
answer in part A, and your
answer i part B 7
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Chemical Stoichiometry

Introduction

Chemical stoichiometrv refers to
the relationships between the
amounts of reactants and products
in a chemical reaction.

An Exampte

How many grams of H, would be
needed to react completely with 20
grams of O, in the following reac-
tion? )

H +0, — HO

The technique we will use to solve
problems such as this will be essen-
tially the same. Namely, we will go
through the tollowing four steps;

{a) BALANCE TIE EQUATION
(b} CONVERT TO MOLES

{c} EXAMINE MOLE RATIOS
(d} CONVERT UNITS

One Step At A Time

At this point the above example
may not make compiete sense to
vou. That's OK. We will use it as a
reference point and come back to it
later.

Right now vou should be able to
convert from grams to moles and
vice versa. As a reminder, the fol-
lowing relationship may come in

handy later;
Grams of X l

Moles = ——————— |
folar Mass of X l

Later we will practice doing some

| mole/gram conversions in case you
| are a little rusty.

Balancing Chemical Equations
What does 1t mean when we say
that a chemical equation 1s "bul-
anced" ?
Let's look at our previous chemi-
cal equation;
O

2

b

<

+ 0, —

For an equation to be balanced, it
must have exactly the same number
of each type of atom on each side of
the equation. Our above example is
obviously not balanced...

H,+0, - HO

Reactants Products

2 hydrogen aloms |

2 oxygen atoms

2 hydrogen atoms

1 oxygen atom

As you can see there is an equal
number of hydrogen atoms on each
side of the equation. However, on
the reactant side, (the left) we have
2 oxygens and on the product side,
(which is the right) we have only
one oxygen.

To remedy this situation we will
try to add an oxygen atom to the
rightside.. We will do this by adding
a coefficient.

NEVER TRY TO BALANCE AN
EQUATIONBY CHANGINGTIHE
SUBSCRIPTS OF ANY OF THE
CHEMICALS!

Let's see how we can aad an oxy-
gen atom by using a coefticient.

|
i
!

I

2§2+

9,

2

1<

e

Products
4 hydrogen atoms
2 oxygen aloms

Reactants
| 4 hydrogen atoms
| 2

oxygen aloms _j

(SN

Perhaps it is easier to see what is ~
happening schematically.

As you can see we started with ;

2 molecules of H,

this is 4 atoms of hydrogen.
and,
1 molecule of O,

this is 2 atoms of oxygen.

And we also finished on the right
side with;

2 molecules of H,O
this 1s 4 atoms of hydrogen
& 2 atoms of oxygen.

Other Examples of Properly Bal-
anced Cnemical Equations...

2KCIO, — 2KCl +30,

CH, + 20,—» CO, + 2H,0
2NO + O,—» 2NO,

P, +50, = 2P0

S

Mg + 2HCl— MgClL, + H,




Practice Balancing Equations

Fill in the number in the missing
blank that will make each of the
following reactions balanced.

[a] FeS + __HCl— FeCl, + H.S

F,— XcF

2 6

[b] Xe +
lc] _HI — l—L + I,

(d] ALO, + __HCl— 2 AICL + 3H,0
(c] 2Au,0,— 4 Au + _0,

(f1 2Zn + O,— __ZnO

[g] 2H,S + _O,— 2HO + SO,

(h] _C+ 0,— 2CO
(il N, + _H,— 2NH,
() 2Na + __Ci, = 2NaCl

Now check your answers on your
teachers answer key. Remember
never change any of the subscripts...
only the coefficients. Changing the
subscripts changes the composition
of the compound in question.

CoefTicient is 2

2CuSQ,
E@'Subscript isd

In the next section you will try to
taiance some equations on your
own. Remember, vou may have to
add more than one coefficient to
make an equation balance. In fact
youmay have to go back and forth a
number of times to make things
work out properly.

On Your Own...
In each of the following equations
supply whatever coefficients are

needed to make the equations bal-
ance.

(1} Sb + Br,—— SbBr,

A

2} Mg + O,— MgO
(3] NHNO,— NO + H0
[4]) Ca + H.O—  Ca(OH), + H,
[S] Cu + HgNO,— Cu(NO,), + Hg
[6] BaO + HO——

Ba(OH),

[7] NH, + O, — NO + H0

8] Al + F,——  AIF,
0] Co + §=——* Cus
[10] Fe + O,—— Fe,0,
[11] B, + O~ HO

(12) HgO—— Hg + O,

[13] Fe,O, + H, —— Fe + HO
(14] Mg + N —— MgN,
[15] O,—/ O,
[16] Fe + § — FC?S3
[17] NH,Cl + Ca(OH)——

CaCl, + NH, +HO
(18] HBr + O,—  Br, + HO
(199 C + O,—/ CO,
[20] H,SO, + Li— Li,SO, + H,
(21] HCl + NaOH— NaCl + H,O
(22} NH, + Oy~ NO + HO

[23]* I, + HNO,—

HIO, + NO, + H,0

2

The last two problems may be
somewhat more challenging. -




Practice Balancing Equations

Fill in the number in the missing
plank that will make each of the
following reactions balanced.

la] FeS + _ HCl— FeCl, + HZS

XcF

ib] Xe + _F,— p
[} _Hl— H, +I,

[d) ALO, + __HCI— 2AICL + 3H,0

[c] 2Au,0,— 4 Au + _0,
(f] 2Zn + O,— _ZnO
[g] 2HS + _O,— 2H,0 + SO,

(h) _C+ 0,— 2CO
] N, + _H,— 2NH,
() 2Na + _ClL, — 2NaCl

Now check your answers on your
teqciers answer key. Remember

never changeany of the subscripts..: |

only the coefficients. Changing the
subscripts changes the composition
of the compound in question.

2w Coefficient is 2
o

2CuS0O,

@ Subscript is 4

In the next section you will oy to
balance some equations on your
own. Remember, you may have to
add more than one coefficient to
make an equation balance. In fact
youmay have to go back and forth a
number of times to make things
work out properly.

g On Your Own...

Ineach of the following equations
supply whatever cocfficients are
needed to make the equations bal-
ance.

[1] Sb + Br,—— SbBr,

A

Mg + O,— MgO

[3) NHNO,—— N,O + HO

(4] Ca + H,O— Ca(OH)2 + H,

]

Cu + HgNO~— Cu(NO,), + Hg

(6] BaQ + H0— Ba(OH)

2-

{7) NH, + O, — NO + HO

8] Al + F,——  AIlF,
0] Ca + S=+==3 CuS
[(10] Fe + O,— Fe 0,
(11} H, + O,—— HO

(12] HgO—— Hg + O,

(13] Fe,O, + H, —— Fe + HO

[14] Mg + N,—— MgN

2
[s] 0,—

[16) Fo + S—  FeS

[17] NHCl + Ca(OH)—

CaCl, + NH, +HO

(18] HBr + O,— Br, + H,O
(199 ¢ + O,— CO, -
(20] H,SO, + Li— LiSO, + H,
(21} HCl + NaOH— NaCl + HO ’
{22]* NH, + O/~ NO + HO

(2317 1

#+ HNQ;—
HIO3 + NO, + HO

2

The last two problems may be

somewhat more challenging.







Starting Stoichiomertry

Stoichiometry sounds like such a
smange word.  Actually 1t comes
from two simple Greek roots; stoic,
meaning equal, and metry meaning
to measure. Stoichiometry then
means “equal measure”. The word
nself 1s pronounced s-toy-KEY-
ahm-etry.

AS we said on the first page, stoi-
chiometry refers to the relative
amounts of chemicals either con-
sumed or produced in a chemical
reaction.

Frequently a chemist might be
interested in how much of one
chemical would be needed to react
with a given amount of another.

|
!
|
|

J
[

Example 1

Suppose that 50 grams of Magne-
sium 1s combined with oxygen ac-
cording to the following reaction;

‘Mg + O,— gO|

We wish to know what mass of
MgO could be produced. We can
begin by using the four stepsthatwe
used on page 1.

"

Balance the cquation 1
Convert 10 moles :
Examine the mole ratios
Convert to desired units |

P
5
B
| 4
t‘f

To begin with we will balance our |
equation. We can do this easily as |
follows; (step 1)

2Mg + O

' 2 MgO
L L

—

Count the atoms on each side to
convince yourself that it's balanced.

L

Next we need to convert all

i amounts into moles. We cando this

as follows; (step 2)

Mass of X
Molar Mass X

Moles =

A 0 ] -
24.3 grams/mole Mg

.
/243 is the atomic weight of

Mg from the periadic tahic. v

= 2.06 moles of Mg

Our third step will be to set up a
ratio between the two chemicals
involved in our problem. The two
chemicals mentioned here are Mg
and MgQO. (this is step 3)

We look at the coefficients of our !

two chemicals. Since they are both
2wehavea 2:2 oressentiallya 1:1
ratio.
mole of Mg that reacts... we will
have 1 mole of MgO produced.
However we had 2.06 moles of
Mg react (see step 2) so this means

I that we will have 2.06 moles of

MgO produced.

Our 4th step is simply to convert
from 2.06 moles of MgO into what-
ever units are asked for. Inthiscase
they want grams So...

Simply convert 2.06 moles of MgO

| Into grams. <(step 4)

(2.06 g Mg0)(40.6 grams/mole)

= §3.6 grams of MgO produced

This 1s our final answer!

This means that for every |

But What If...

[ know what you are thinking...
. What if the moleratio1sn't & simple
| 1:1 raue? Let's look and see.

Example 2

Let's suppose that 100 grams of
aluminum reacts with sulfur as
shown below;

Al + S — ALSz

How mary grams of sulfur would
be needed to react with our alumi-
num ?

[Siep 1 Balance Reaction

2Al + 3S =  ALS,

-
| Step 2 Convert to Moles

100g Al _
27.0 g/mole Al

= 3.7 moles Al

Step 3 Set Up Mole Ratios J

Look at the ratios between the
| chemicals mentioned 1n the prob-
i leru. {Al and S)

|2 AL+ ALS
il i

3§ —
Theratio1s 2:3 so we setup aratio;

2 3
3 ] X moles of S

5.55 moles of S

-

Note: The 2 & 3 in the
from the cocfficients of the chemicals involved.
The 3.7 moles of Al came from step 2. And X
is our number of moles of Sulfur.

above equation came
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Step 4 Convert Final Units i

!

Natice that the units on our ar- |

swer are currentlyv motes. To con- ‘I
vert this into grams we will simply |

multiply the number of moles of
sulfur by 1ts moiar mass.

(5.55 moles S)(32 grams/mole)

= 177.6 grams of S

Now it's your turri...

OK now vou getto try a few on
your own. Remember to use the 4
steps that we went over. When you
set up your mole ratio in step 3
simply use the coefficients in the
balanced equation for your numera-
tors and the number of moles from
step 2 for one of your denomina-
tors. The other denominator will be
X.

There 1s a periodic table on the
next page.

I KNO, = KNO, + O,

How many grams of O, could be pro-
duced fiom 200 grams of KNO, ?

.‘*

g !
NOTE: THE SUBSCRIBERS COPY OF THIS ISSUE CONSTAINS AN INSERT WITH SOLUTIONS TO ALL PROBLEMS!

2. NH, + HCl = NH/CI

How many grams of HCl would be
necded 10 react completely with SOg
of NH, ?

3. Fe + Cl,—  FeCl,

How many grams of FeCl3 could be
produced starting out from 250 grams
of Fe ?

4. KCIO,— KCl + O,

If 40 grams of KCl werc produced
in the above reaction, then how
many grams of O2 must have
also been produced ?

th

Ammonia 1s produced by the
Haber process which combines
elemental hydrogen and nitrogen
gas as shown below;

NEH,

a. How many grams of H, would
be needed to react compleicely
with 50 grams of N, ?

b. How many grams of NH,
could be produced from 50 g
ofN,?

c. What is the relauonship bet-
ween 50 grams of N, your
answer in part A, and your
answer in part B ?




Step 4 Convert Final Units _7! !

Notice that the units on our an-
wer ore currently moles. To con- l
vert this into grams we will simply
multiply the number of moles of
sulfur by 1ts molar mass.

(5.55 moles S)(32 grams/mole)

= 177.6 grams of S

Now it's your turn...

OK now vou get to try a few on
your own. Remember to use the 4
steps that we wentover. When you
set up your mole ratio in step 3
simply use the coefficients in the
balanced equation for your numera-
tors and the number of moles from
step 2 for one of your denomina-
tors. The other denominator will be
X.

There 1s a periodic table on the
next page.

I. KNO, = KNO, + O,

How many grams of O, could be pro-
duced from 200 grams of KNO, ?

-

NOTE: THE SUBSCRIBERS COPY OF THIS ISSUE CONSTAINS AN INSERT WITH SOLUTIONS TO ALL PROBLEMS! —!

2, NH; + HCl - NHCI

How many grams of HCl would be
necded to react completely with SOg
Of NH, 7

3. Fe + Cl,— FeCl,

How many grams of FeClI3 could be
produced starting out from 250 grams
of Fc ?

4. KCIO, = KCI + 0,

1140 grams of KCI werc produced
in the above reaction, then how
many grams of O2 must have
also been produced ?

Ammonia is produced by the
Haber process which combines
elemental hydrogen and nitrogen
gas as shown below;

N, + H,—  NH,

a. How many grams of H, would
be necded to react completely
with 50 grams of N, ?

b. How many grams of NH,
could be produced from 50 g
of[N,?

c. What is the relatonship bet-
ween 50 grams of N,, your
answer in part A, and your
answer in part B ?







