(f) Mass measurements are in general more accurate than volume measurements for solids. The volume depends on the
size of the particles and how tightly the solid is packed into a measuring spoon or cup. However, for small quantities
it is much easier, faster, and requires less expensive equipment to measure volumes than masses. (People who bake
use specific techniques and spoons to minimize the problem of varying density of solids.)

5.1 QUANTITATIVE ANALYSIS

PRACTICE
(Page 205)

Understanding Concepts

1. In a quantitative (complete) reaction of two reactants, both cannot be in excess. If both are present in stoichiometric
ratio quantity, neither would, strictly speaking, be the limiting reagent (or both would ...).

2. A would have to be limiting. B would have to be reacted in excess, to ensure that all of A reacts — so that subsequent
calculations would correctly indicate how much A was originally present.

PRACTICE
(Page 208)

Making Connections

3. A typical report might deal with the recently developed highly complex blood/urine analysis for recombinant human
erythropoietin. EPO is a substance that can be used (illegally) by athletes to artificially increase production of red
blood cells, which improves the oxygen-carrying capacity of the blood, and thus improves performance in endurance
sports. The correlated career would be that of a sports-related laboratory analyst, or of a research scientist (in one
example an Australian, Canadian, Chinese, and Norwegian team, working for Bayer corporation at a research centre
in New York state).

4. A typical career might be that of a process and quality control analyst for any chemical industry. Such a career usually
requires certification from a postsecondary technical institution.

‘t_ﬂ'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

PRACTICE
(Page 209)

Applying Inquiry Skills

5. A standard curve is a graph of the relationship between quantities of any two substances involved in a quantitative
stoichiometric chemical reaction. Such a curve is used to quickly predict the quantity of one of the substances when
the quantity of the other is known.

6. (a) Successive 10-mL samples (aliquots) of sodium sulfide solution should be added to the lead(II) nitrate solution,
allowing the precipitate to settle each time, until addition of the next aliquot causes no reaction. The total volume
of sodium sulfide solution used is then in excess.

(b) The mass of lead(Il) nitrate should be the dependent variable (y-axis) and the mass of lead(Il) sulfide should be
the independent variable (x-axis).

Making Connections
7. The postal data could be used to make a bar graph but not a standard curve, because the postal service charges the
same cost for a range of masses.
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SECTION 5.1 QUESTIONS
(Page 209)

Understanding Concepts

1.

2.

(a) B is the limiting reagent.
®b) 1A + 1B — 2C

2.1mol n
2 mol C
=2.1 mot B x ——
e 1 6l B
ne = 4.2 mol
The amount of C formed will be 4.2 mol.
CH4(g) + 2 Oz(g) - COz(g) + 2 H20(g)
2g m
16.05 g/mol  32.00 g/mol
1 mol
=32¢ X
"cw, £X 1605 d
nCH4 =2.0 mol
no, = 2.0 mol X % (mole ratio O,: CH, is 2:1)
no, = 4.0 mol
B 3200 g
mo, =40 pol X Ll
Mo, =13x10% g=0.13kg
or

Ip6iCH, ~ 2mdlQ, 3200g0,
™o, :32é%X16.05g%X1w%xlwg%

my,  =13x102 g=0.13ke

The minimium mass of oxygen required for complete combustion would be 0.13 kg. A 10% excess would be

0.13 kg X 110% = 0.14 kg.

A standard curve is a graph of the relationship between quantities of any two substances involved in a quantitative
stoichiometric chemical reaction. If the curve is plotted empirically, from repeated mass measurements, the reaction
equation becomes irrelevant.

Applying Inquiry Skills

4. The limiting reagent must be measured accurately, because the predictive calculation is made from this value.

5.

Successive samples (aliquots) of excess reagent solution should be added to the limiting reagent solution, allowing the
precipitate to settle each time, until addition of the next aliquot causes no reaction. The total volume of excess reagent
solution used is then empirically in excess.

Several reactions must be done with samples of aluminum of varying masses, and excess copper(Il) sulfate solution
each time. From the measured mass of copper produced each time, an average copper/aluminum mass ratio can be
calculated, and used to draw a standard “curve” for this reaction.

Making Connections

7.

Almost all everyday and workplace situations that involve a quantity ratio are now performed by calculators, rather
than by use of tables or graphs. Everyday examples include cooking quantities and automobile mileage; while work
examples might be quantities used in photofinishing, or mixing herbicide solutions on a farm, or a whole host of other
examples.
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5.2 BALANCING CHEMICAL EQUATIONS

PRACTICE
(Page 211)

Understanding Concepts

1. Conservation of mass requires that a reaction equation somehow represent the fact that total reactant mass equals total
product mass.

2. (a) Mg, +2HC

— MgCl +H

2(aq)
— 2 NaOH

2(g)
+H

(aq)

(b) 2Nay +2H,0,

(©) CaCOyy +2HCI

(aq) 2(g)

) CaC12(S) + HZO(D + COz(g)

(d) Cug+4 HNOy,, ) — Cu(NOy), . + 2 NO, +2 H,0

3(aq) (€3]
(e) 2 C3H6(g) +9 Oz(g) —6 COz(g) +6 HZO(g)
3. (a 2 Hz(g) + Oz(g) -2 Hzo(g)

(b) Correct

(€) Pb,+2AgNOy, = 2Ag ) +PbINOy), 0

3(aq)
(d) Correct

4. Fe(NOy)y, 1 3 LiOH,, — 3 LiINO

(aq) 3(aq) 1 FE(OH)5()

PRACTICE
(Page 213)

Understanding Concepts

5. The formula coefficients of a chemical equation represent the mole ratio of substances in the reaction.

6. Consider: Ceo+ Oz(g) - CO2(g)
This reaction equation shows clearly that the number of moles of substances in reactions is not conserved: two moles
of reactants become one mole of product.

7. 3NO,,, + H,0y — 2 HNO, ,  + NO

The mole ratio is 3:1:2:1 for the reaction equation as written here.
8. In a chemical industry, the amounts produced and consumed in reactions determine the economics of the process —
so the mole ratio is essential knowledge for determining whether any process is practical.

PRACTICE
(Page 214)

Understanding Concepts

9. Fertilizers increase crop production. Without them there would not be enough food produced to support the current
population of the Earth.

10. Fertilizer excess that enters the environment can cause serious changes in watersheds, affecting all living things that
depend on that water supply.

Making Connections

11. Typical reports might select groups like Ducks Unlimited, Canada, which is dedicated to actively working to preserve
Canada’s wetlands. DU emphasize that not only do wetlands provide habitat for a complex ecosystem of living things;
they act as natural filters for our water supply.

‘t_"'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.
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Explore an Issue Role Play: Controlling the Use of Fertilizers
(Page 215)

‘Q_"'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

SECTION 5.2 QUESTIONS
(Page 215)

Understanding Concepts

1. Balancing by inspection uses a trial-and-error approach to determining the coefficients of a reaction equation.
2. (@ 2Al +3 CuClz(aq) —3Cu,+2 A1C13(aq)
(b) Cugy+2 HCl(aq) - HZ(g) + CuClz(aq)
(c) 2HgO, —2Hg, + O
(d) CHy,,

CO(g) +2H

() 2(2)

+H,0(, > CO, +3 Hy,, (step 1)

2Ae) CH3OH(g) (step ii)
3. (@ C+ 0y, = COy,

(b) Sg() + 8 Oy = 880,

(¢) Cu(OH),, + H,SO,,,, — 2 H,0
(d) CaSiOs, + H,SO
(e) CaCO3(S)
(f) 2Al, +3H,S0,,,—3H
(8) SO, +H,0,) — H,SO

(h) 2 Feg, +3H,80

i) + CuSO

— H,Si0

@ 4(aq)

. + CaSO

+2 HNO3 — H,CO

3(aq)
+ Ca(NO

3(s)

3(aq) 3)2(aq)

2g) T ALSOY3)

3(aq)

—3H,  + Fez(SO3)3(S)

3(aq)
-2 NO(g)

2(g)

1) N2(g) +0

G €O
(k) CH

2(g)

+H,0,, — H,CO

2(g) M 3(aq)

ag) T2 Oygy = COy + 2 H,0y,

() 2 CHg + 13 Oy = 8 CO, + 10 HyO

(m) 2 FeS(S) +30,. ,—2 FeO(S) +2 S0
— 2 H,0

(2

2(g)
+30

2(g)

(n) 2 H,S +280

(& 2(g)

(2) 2(g)
(o) 2 CaCO3(S) +2 SOz(g) + Oz(g) -2 CaSO4(S)

4. (a) 4 CH;NO,, +7 OZ(g) —4 CO2(g) +6 Hzo(g) 2e)

The mole ratio is 4:7:4:6:4 for the reaction equation as written here.
(b) 2 Al +3 CuCl — 3 Cu, + 2 AlCI

+2 COZ(g)

+4NO

2(aq) 3(aq)
The mole ratio is 2:3:3:2 for the reaction equation as written here.

Making Connections
5. Fertilizers are sold with information about what area can be treated per kilogram. Farmers would have to do area
calculations, cost calculations, and predictive calculations about the value of projected increased crop yield.
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(©) 1% Re — 178670s + ffe
(d) 151B+ llp -3 ‘2‘He
(e) Mo +3H — $Tc+ In
7. The mass number drops by 28, and only alpha decay drops the mass number, and each alpha particle is 4, so 7 alpha

particles are emitted. The atomic number drops by 10, which is 4 less than the drop of 14 caused by the alpha decays,
so there must be 4 beta particles emitted, because each one raises the atomic number by 1.

Making Connections

8. A typical report would include information on directing a particle beam through the body to cause maximum damage
at a tumour location — and probably on the development of the “cobalt bomb” cobalt-60 cancer therapy machines by
AECL, and the extensive worldwide use of this treatment program.

‘i:_n'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

5.4 CALCULATING MASSES OF REACTANTS AND PRODUCTS

PRACTICE
(Page 227)
Understanding Concepts
1. 2AL0, - 30y, + 4 Al
125 ¢ m
101.96 g/mol 26.98 g/mol
1 mol
a0, = 125EX 101.96 ¢
naLo, = 1.23 mol
Ny =1.23 molX%
IO =2.45 mol
26.98 g
my, =2.45 mol X Y
my, =662¢g
or
. 125 ¢ ALG, 1ol A0, ameipd | 2698 g Al
Al 3710196 g ALO, 2 m6l ALO, 1 mol A
My, =662¢
The (maximum) mass of aluminum that can be produced is 66.2 g.
2. GHgyy + 50,5, — 3C0,, + 4H04,
100 g m
44.11 g/mol 32.00 g/mol
/ 1 mol
=10.0¢g X
ey PRI
ne =0.227 mol
"o, =0.227 mol X —?—
no, =1.13 mol
_ 3200 g
me, —1.13y(ﬁ><71m(ﬁ
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my,  =363¢g

19269;1{3 5wl 0 , 320020,
=100 ¢ C4Hy X M1 CH, T mdl CH, 19;61g

or

m02
my,  =363¢g

The (minimum) mass of oxygen required is 36.3 g.

3. 2NaCl,, + Pb(NOy),,, — 2NaNO,, + PbCly
257¢g m
58.44 g/mol 278.10 g/mol
1 mol
Mot =257 g X 58.44 4
yaer = 0.0440 mol

1
nPbClz = 0.0440 mol X E

nPbC12 =0.0220 mol
278.10 g

meC12 =0.0220 m(ﬁ X W
Mppcy, = 6.11¢g

or

e =257 ¢ Nac x DO N LGl BCT, 278,10 ¢ PoCl,
poc, = 2 58.44 ¢ NaCl 2 6l NaCl 1 el Pbe,

Mppcy, = 6.11¢g

The (maximum) mass of lead(Il) chloride produced would be 6.11 g.

4. ;?31@) + 3H,SO04,, — 3 Hy, + 2 Aly(SOy)3,)
T3g m
26.98 g/mol 2.02 g/mol
1 mol
=273 g X
Al £X 608 ¢
Na =0.101 mol
my,  =0.101 mol X 3
y, =0.152 mol
202 g
=0. X
yy 0.152 m6i i
My, =0307 ¢

or 3wl H, 2.02gH,
my, ﬂjﬁ/}dxzé%?jﬁd 2w A 19*‘%7{2

My, =0.307 g

The (predicted) mass of hydrogen would be 0.307 g, or 307 mg.

5. 2KOH,, + CuNOy),,, — 2KNO,, +  Cu(OH),
267¢g m
56.11 g/mol 97.57 g/mol
oy =267 ¢ x 20Ol
56.11¢

ngou =0.0476 mol
1
nCu(OH)2 =0.0476 mol X 5

nCu(OH)2 =0.0238 mol
97.57¢g

My, = 0-0238 m6l X |yl
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mCu(OH)Z =232¢g

or

_ | w6l KOl _ 1 wol Cu(OH, 97.57 g Cu(OH),
wor, = 267 £ KO X S o T ken 1l Col,

Meyom, =232 8

The mass of copper(Il) hydroxide produced would be 2.32 g.

6. §5H020<1> = 2Hyy 22(9
s
18.02 g/mol 6.02 x 1023 molecules/mol
1 mol
=250g X
1,0 £X 500 ¢
"H,0 =1.39 mol
no,  =139molx >
"o, = 0.694 mol
6.02 X 10%* molecules
No,  =0.694 pael x Ll
No, = 4.18 x 1023 molecules
or

ImsiB0 1m0  6.02x10% molecules O,
No, ‘25'0é%6><18.02g%6x2m61%6x 1 6l O

NO2 =4.18 x 10?3 molecules

In this reaction, 4.18 x 1023 molecules of oxygen would be produced.

PRACTICE
(Page 228)

Understanding Concepts

7. The fundamental test for a scientific concept is its ability to predict.

8. The reaction equation coefficients show the ratio of substances in moles, so measurements must be changed to
amounts before the ratio can be applied.

9. (a) The mole ratio CO, : CgH ¢ (from the equation) is 16 : 2.
(b) 2CgH + 250 - 16 CO + 18 H,0O

18(2) 2(g) 2(g) 27(g)

228 ¢ m

114.26 g/mol 44.01 g/mol
1 mol

ey T 228 é % 114.26 ¢

Mo, = 0.200 mol y

”C02 =0.200 mol X 7

nco, = 1.60 mol

_ 4401 g
meo, =160 gl X © pcl
Mo, =703¢g

or

16l CHy 166l CF,  44.01 g CO,
Mo, _Zz'gé%gxllél.%égﬁfgxzm&%gxlpxﬁQ@/z

Mo, =703¢g

The mass of carbon dioxide produced will be 70.3 g.
(c) The mole ratio O, : CgH,; (from the equation) is 25 : 2.
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(d) §2C§H18(g) + 25 Oy, - 16 CO,,,,)  + 18 HyO,,
8g m
114.26 g/mol 32.00 g/mol
1 mol
= 22. X———
flegH,g 22.8 é 114.26 é
new, = 0.200 mol
no, =020 mol x =
ng =2.49 mol
? 32.00 g
Mo, =2.49 m6l X I el
Mo, =798 ¢
or
1 mol C 25 32 00 g O,
me :22~8é(;gHTgX m({ /{HTS m‘{Q/ g
2 114.26 g CH 2mo/1(;gH’8 1 w6l 0]
Mo, =798¢

The mass of oxygen consumed will be 79.8 g.

(e) If oxygen is the limiting reagent, some carbon will not react completely to COZ(g), but instead will react incom-
pletely to form CO Which is very toxic.

10. TiOy, + 2 Clz(g) +2 C(S) - TiCly,, +2 CO(,
1.00 kg
79.88 g/mol
TiCl,, + 2Mg, — T, + 2MgCly,
m
47.88 g/mol

Note: This question requires the students to see that the mole ratio TiCl, : TiO, from the first equation can be
combined with the mole ratio Ti : TiCl, from the second equation.

Mo, =100 kg X 719‘;?12

"0, =0.0125 kmol

Mricl, =0.125 kmol X % (mole ratio TiCl, : TiO, is 1:1—step 1)
N, = 0.125 kmol

ny =0.125 kmol X % (mole ratio Ti : TiCl, is 1:1— step 2)
ne =0.125 kmol

my  =0.125 kol X 417';%“5

my; =0.599 kg or 599 g

or

T, i Ter, ST
= 1.00 kg Ti¥, X 7988é% I 6l Ti65, 1%;(4 417;?%

=0.599 kg or 599 g

The (maximum) mass of titanium produced would be 599 g.
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SECTION 5.4 QUESTIONS
(Page 229)
Understanding Concepts

1. Reaction equations read in amounts, not masses, so combining reagents by mass according to equation values will not
work.

2. (@) Fe,05, + 3Hy, — 2Fe,, + 3H)0,
500 kg m
159.70 g/mol 55.85 g/mol
1 mol
Mpeo, =300 kg X 159.70 2
Mge o, = 3.13 kmol
Nge =3.13 kmol X %
Nge = 6.26 kmol
mg, = 6.26kmol X 515 fjﬁg
Mg, =350kg

or

1 wdl Ees0, : °
= 500 kg Fgs0, X 159.70 ¢ B0, 129,?{1;63 515 ;fﬁgfz

Mg,

mg,  =350kg

The mass of iron produced would be 350 kg.

(b) Fe,Oy4  + 3 Hy, - 2Fey,, + 3H,0
1.0t=1.0Mg m
159.70 g/mol 2.02 g/mol

(€3]

1 mol

Me, = 10MgX 159.70 ¢
Mge o, = 0.0063 Mmol = 6.3 kmol
n = 0.0063 Mmol X 3

H2 1
my,  =0.019 Mmol
m —0.019 Ml x 2028

H, =7 1 m6l
my  =0038 Mg =38 kg

or

1 mdl Fes0, 3mél Y,  2.02gH,
= LOME B e T B, 1 T,

My, =0.038 Mg =38 kg

The mass of hydrogen required would be 38 kg.

() Fe203(s) + 3 Hz(g) - 2Feq + 3 HzO(g)
m 220 kg
159.70 g/mol 18.02 g/mol

mol
1802,@

myo =220kg X
”HZO = 12.2 kmol 1
”Fe203 =12.2 kmol X g
”Fe203 =4.07 kmol

159.70 ¢
Mo, =407 kol X

Tipel
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m
Fe,0;4

or

m
Fe,0,4

m
Fe,0,4

=650 kg

Ly 6 1 il EoG,

159.70 g Fe, O,

=220 kg B0 %

=650 kg

1802gg/6 3 w6l B0 %

The mass of iron(Ill) oxide consumed would be 650 kg.

3. (@) 2CgH,, + 50

m
84.18 g/mol

ne o0, = 280 kg X

2(g)

- 2CH,,0
280 kg
146.16 g/mol

1 mol

146.16 ¢

s T 2H0

nCsH1004 =1.92 kmol

n
CGHIZ

n
CGHIZ

m
C6H12

m
C6HIZ

or

Mc gy

6712

m
C6H12

=1.92 kmol X %
= 1.92 kmol

84.18 g
= 1.92 kol X

mo/ lm(ﬁ
=161kg

1 mdl C 1094

2 el Gy,

1 w6l Ees0,

84.18 ¢ CH,,

=280kg C
=161 kg

0, X
10747 146.16 ¢ C B0,

The mass of cyclohexane required is 161 kg.

(b) 2CH,, +
125 kg
84.18 g/mol

or

2
m
02

50
m
32.00 g/mol

2e) - 2CH Oy, + 2H20(g)

= 1.48 kmol
= 1.48 kmol X %
=13.71 kmol

=3.71 km6l X

=119kg

32.00 g

1 6l

Lyl CHE, 5w 0]

X X
2 mél C 0,

1 w6l CH,

. 320020,

= 125 kg CJH|, X

=119 kg

8418%@61{/2 29’“{1(;61{/2

The mass of oxygen required is 119 kg.

() 2CeHyy, +
m
84.18 g/mol
Mo,
Mo,
nC6H12
nC6H12

Copyright © 2002 Nelson Thomson Learning

50,4 - 2CH;O4, + 2H,0
200 g

32.00 g/mol

(®

=6.25 mol X %
=2.50 mol

1 ;61 0
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=250 i x 23188

1m(ﬂ
=210g

m
C6H12

m
C6H12

or

| 6l 0,

84.18 g C,H,,

Mo, T 200#% % 32. OOéQ/

L 2pdica,
5l 0,

Moy, = 210 g
The maximum mass of cyclohexane that can be reacted is 210 g.
4. 2Fe T Oyy - 2FeQ,
568 g m
55.85 g/mol 71.85 g/mol
=56.8¢g X
re £ 55 85 g
Npe = 1.02 mol
NEeO =1.02 mol X %
N0 =1.02 mol
7185¢g
Mo = 1.02 mol X %
Meeo =731¢g
or
1 mol pe 2m6115e6 71.85 g FeO
=56.8 X
"Fe0 £ 5585856 2m6i 6 . 1 midl B
MEeo =731g¢g

The mass of iron(II) oxide that can be produced is 73.1 g.

Applying Inquiry Skills
5. (a) Prediction

1 w6l CH,

From the balanced reaction equation, one mole of calcium ions produces one mole of solid calcium oxalate
precipitate, so the amount of calcium ions in a sample will be the same as the amount of calcium oxalate precip-

itate that forms.

(b) Experimental Design

Excess sodium oxalate solution will be added to a measured sample (independent variable) of hard water. The
precipitate formed will be dried and the mass measured (dependent variable). The stoichiometric method will be

used to calculate an answer to the question.

(c) The mass of calcium oxalate precipitate will be divided by its molar mass, 128.10 g/mol, to determine the amount
of precipitate. The amount of calcium ions is the same, since the mole ratio is 1 : 1.

(d) Materials
e hard-water sample

. sodium oxalate solution

. wash bottle with pure water

e two 100-mL graduated cylinders
. 250-mL beaker

e filtration apparatus

. filter paper

. centigram balance
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(e) Procedure

1.

Rl

O ® N

Use a graduated cylinder to add 10.0 mL of hard water to a 250-mL beaker.

Use another graduated cylinder to add about 10 mL of sodium oxalate solution to the beaker.

Allow the precipitate to settle.

Add another 10-mL aliquot of sodium oxalate solution to the beaker, observing whether or not more precip-
itate forms as the added solution mixes with the clear upper portion of the solution in the beaker.

Repeat step 4 until no more precipitate forms.

Measure and record the mass of a piece of filter paper.

Filter, wash, and dry the precipitate.

Measure and record the mass of the filter paper plus dry precipitate.

Dispose of all materials as instructed.

Making Connections

6. (a) Raw materials, like aluminum oxide, are purchased according to the amount needed for reaction.
(b) Products, like aluminum, are priced so that the amount produced will be profitable.
(c) Pollutant amounts will be calculated and decisions on processes to control them will be made accordingly.
(d) Amounts of all materials must be calculated to allow costing of things like packaging, disposal, and shipping.

5.5 CALCULATING LIMITING AND EXCESS REAGENTS

PRACTICE
(Page 231)
Understanding Concepts
I (@ 2CHy, + 30y, — 2CO, + 4H0,
m
16.05 g/mol 3.0 mol
2
ncw, =3.0mol X 3
ncw, = 2.0 mol

or

mey, =20mel x 102

1 g6

Moy, = 32¢g

. _3MQ/X2MQHZX16.OSgCH4
CH T 2T 3wl T 1 mdl CH,

Mcy, = 3¢

The mass of methane that will react is 32 g.

(b) CH
m

4(2)

+ 20 - CO + 2H,0

2(g) 2(g) 2~(g)

16.05 g/mol 3.0 mol

or

1
= 3. X —
nCH4 3.0 mol >

nCH4 = 1.5 mol
mey, = 15mol x 1008

I p6l

Mey, = 24 ¢

. _3mgxlm&%xl6.OSgCH4
CH T 2T 2wl T 1 mol CH,
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mCH4 =24g

The mass of methane that will react is 24 g.
(c) Inaclosed garage the oxygen in the air will be the limiting reagent.

2. 8Zn(s) + Ss(s) - SZnS(S)

500¢ m
65.38 g/mol  256.48 g/mol
1 mol
=5.00¢g X
"zn £ X G5ag 4
ny. =0.0765 mol
ng. =0.0765 mol X %
ng. =0.00956 mol
_ 25648 g
mg, =0.00956 m6l x TV
Mg, =245¢

or

Imél s 25648 g S,
m, :s.oogzﬁxég*gféﬁxgmé%x lmg%

ms, =245¢
excess mg = 245g X 110% =2.70 g

The mass of sulfur, to be in reasonable excess, should be 2.70 g.

3. 2Nag + Cly, -  2NaClg
075¢g m
22.99 g/mol  70.90 g/mol
1 mol
=0.75g X
"N £X 5509 ¢
NN =0.033 mol
1
Ny, =0.033 mol X By
Ny, =0.016 mol
~ 70.90 g
mey, = 0.016 mdl X Ll
Mgy, =12¢g
or
1pia _ 1mdlCr 7090 g Cl,
mey =0.75 ¢ Na X X X
2299¢gNa " 2moiNa T 1wl CL
mey, =12¢g

eXCess Mgy = 12gX110%=13¢g

The mass of chlorine, to be in reasonable excess, should be 1.3 g.

4. Ca(OH),,, + 2HCl,,, — CaCly,, + 2H,0
m 217 ¢g
74.10 g/mol 36.46 g/mol
1 mol
nge  =217gX% 36.46 4
el =0.0595 mol

1
nCa(OH)2 =0.0595 mol X E

nCa(OH)2 =0.0298 mol

74.10 g
My om, = 0-0298 m6l X ©
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mCa(OH)2 =221g

or

_ | moi gei 1 w6l Caofl),  74.10 g Ca(OH),
mCa(OH)2—2.17émX36.46émX 2 ol X el ot

Meaom), = 221¢g
eXCeSS Mcyom), = 221 g X 110% =243 g
The mass of calcium hydroxide, to be in reasonable excess, should be 2.43 g.
PRACTICE
(Page 235)
Understanding Concepts

5. Prediction cannot be made from the amount of reagent in excess because not all of the amount will react.
6. (a) Zn(s) + CuSO4(aq) - Cu(s) + ZnSO

0.42 mol 0.22 mol

4(aq)

Since this reactant mole ratio is 1:1, it is obvious by inspection that zinc is in excess, by an amount of
(0.42 — 0.22) mol = 0.20 mol.

(b) CI + 2 Nal > Ly 2 NaCl

2(g) (aq)

10 mmol 10 mmol

(aq)

Since this reactant mole ratio is 1:2, 10 mmol of NaI(aq) will require 10 mmol X 1/2 = 5.0 mmol of Clz(g) for reac-
tion. The Clz(g) is in excess by an amount of (10 — 5.0) mmol = 5 mmol.

(© AlCly,, + 3NaOH,,, — Al(OH);, + 3NaCl,,
20¢g 19¢g
133.33 g/mol 40.00 g/mol
1 mol
maicr, =20 X a3 ¢
Malct, = 0.150 mol
* 1 mol
"o = 198X 3500 g
Mo = 0475 mol

Since this reactant mole ratio is 1:3, 0.150 mol of AlClB(aq) will require 0.150 mol X 3/1 = 0.450 mol of NaOH
for reaction.
The NaOH(a ) is in excess, by an amount of (0.475 — 0.450) mol = 0.025 mol, or 25 mmol.

(aq)

7. (a) 8 Zn(s) + Ss(s) - 8 ZnS(S)
5.00 ¢ 3.00 g
65.38 g/mol 256.48 g/mol
1 mol
=5.00 g X
"zn X G5ag 4
Ny =0.0765 mol
1 mol
=3.00g X ——
sy £X S56ag g
ng =0.0117 mol

Since this reactant mole ratio is 8:1, 0.0765 mol of Zn(s) will require 0.0765 mol X 1/8 = 0.00956 mol of SS(S) for
reaction. The SS(S) is in excess; so the Zn is the limiting reagent.

(b) 8Zng, +  Sg - 8 ZnS
500 ¢ m
65.38 g/mol 97.44 g/mol
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8.

9.

130

1 mol

=5.00¢ X

"zn 6538 ¢
Ny, =0.0765 mol
ny,s  =0.0765 mol X —88—
ny,s  =0.0765 mol
9744 ¢
m, s =0.0765 mol x T
mys =745¢
or
. 500 474 X | mdl 74 XSm(ﬁS/SX97.44gSS
Zns T 6538 g7~ 8molzai  1mol S
mys =745g
The mass of zinc sulfide produced would be 7.45 g.
(@ CjHg, + 50y, - 3COy,, + 4H0,
100.7 g 3674 ¢
44.11 g/mol 32.00 g/mol
1 mol
= . X
ne . 100.7 ¢ YRTY.
e p, =2.28 mol
* 1 mol
=3674¢g X
"o, £X 3500 4
ng =11.5 mol
2

Since this reactant mole ratio is 1:5, 2.28 mol of C3H8(g) will require 2.28 mol X 5/1 = 11.4 mol of Oz(g) for reaction.
The Oz(g) is in excess; so the C3H8(g) is the limiting reagent.

(b) CiHgyy + 50y - 3C0y, + 4H,0,
100.7 g m
44.11 g/mol 18.02 g/mol
1 mol
ey, =1007 ¢ X YRTY.
new, = 2.283 mol
4
M0 =2.283 mol X 1
0 =9.132 mol
18.02 g
m =9.132 w6l X
H,0 1 m(ﬂ
Mmyo = 164.6 g
or
1 mol 4 mol 18.02 g H,O
my o =100~7é93"{8>< m‘{% % D@K{Hiéx g
: 44.11 ¢ CHl "~ 1ol CH ™ 1 ol B0
Myo = 164.6 g
The mass of water formed is 164.6 g.
(@) 280,, + Oye) - 2S04,
4.55 kg 2.88 kg
64.06 g/mol 32.00 g/mol
1 mol
=4.55kg X
"so, £ X 5006 é
ns0, =0.0710 kmol
1 mol
=2.88kg X
"o, g 32.00 ¢

Unit 2 Quantities in Chemical Reactions
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n
02

= 0.0900 kmol

Since this reactant mole ratio is 2:1, 0.0710 kmol of SOZ(g) will require 0.0710 kmol X 1/2 = 0.0355 kmol of
Oz(g) for reaction. The Oz(g) is in excess; so the SOZ(g) is the limiting reagent.

(b) 280,
4.55 kg
64.06 g/mol

+

or

Mg,

O 2SO0
m

80.06 g/mol

2(g) - 3(2)

1 mol
=4. X
4.55 kg 64.06 4

=0.0710 kmol

=0.0710 kmol X %
=0.0710 kmol
=0.0710 k6l X
=5.69 kg

80.06 g

1 pol

Lyl 50, 2l 503,

80.06 g SO,

=455 keS80, X G d 50, < 2 i 50,

=5.69kg

The mass of sulfur trioxide produced is 5.69 kg.

10. (a) FezO3(S) +
74.2 kg
159.70 g/mol

n
Fe203

n
FezO3

nco

Nco

3 CO(g) -
40.3 kg
28.01 g/mol

=742 kg X

2Fe, + 3CO

2(g)

1 mol

159.70 ¢
= 0.465 kmol

=403 kg X
= 1.44 kmol

1 mol
28.01 g

Tl 56,

Since this reactant mole ratio is 1:3, 0.465 kmol of F6203(S) will require 0.465 kmol X 3/1 = 1.39 kmol of CO(g) for

reaction. The CO(g) is in excess; so the F6203(S) is the limiting reagent.

(b) Fe,05
742 kg
159.70 g/mol

+

n Fe,0,
nFe203
e
e
Mg
Mg

or

Mg,

Mg,

3C0, — 2Fe, +

m
55.85 g/mol

1 mol
=742 kg X 159.70 ¢

= 0.465 kmol
= 0.465 kmol X %

3CO

(&) 2(g)

=0.929 kmol
= 0.929 kol X
=519kg

55.85 g

1 g6

1 6l E
=74.2 kg Fes0, X i Ee0y

2molpe | 55.85 g Fe

=519kg

The mass of iron produced would be 51.9 kg.

Copyright © 2002 Nelson Thomson Learning
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Applying Inquiry Skills

11. Experimental Design
A solid reaction product can be removed (by filtration, for instance) from the reaction system. If some more of the
(presumed) excess reagent is added, and no reaction occurs, then the limiting reagent is completely reacted and the
other reagent was in excess.

PRACTICE
(Page 236)

Applying Inquiry Skills
12. (a) If aluminum is the limiting reagent, the silver metal solid will have completely disappeared when the reaction
stops.
(b) If copper(Il) sulfate is the limiting reagent, the silver metal solid will not have completely disappeared when the
reaction stops.
13. (a) If magnesium is the limiting reagent, the silver metal solid will have completely disappeared when the reaction
stops.
(b) If hydrochloric acid is the limiting reagent, the silver metal solid will not have completely disappeared when the
reaction stops.

SECTION 5.5 QUESTIONS
(Page 237)

Understanding Concepts
1. The limiting reagent is determined by the reaction mole ratio; so the mass may actually be much greater than the
excess reagent, as long as the amount is such that it is completely reacted.
2. The reaction only occurs until the limiting reagent is consumed, so the amount of the limiting reagent determines all
other amounts involved in the reaction.
3. One (or more) reactants must be in excess to ensure that the limiting reagent will be completely reacted.
4. (@ Zng + 2HCl,, — Hy, + ZnCl
0.35 mol 0.60 mol
Since this reactant mole ratio is 1:2, 0.60 mol of HCl(aq) will require 0.60 mol X 1/2 = 0.30 mol of Zn(s) for reac-
tion. The Zn(s) is in excess; so the HCl(aq) is the limiting reagent, and will be completely consumed.
(b) The Zn(s) is in excess, by an amount of (0.35 — 0.30) mol = 0.05 mol.
excess m,, = 0.05 mol X 65.38 g/l mol =3 g
The mass of zinc remaining after the reaction ends will be 3 g.
+  Pb(NOj),,, — 2KNO;,, + PbBr,

2(aq)

(aq)
m 3.50 g
119.00 g/mol 331.22 g/mol
1 mol
PNy, =3508X 350 g
nPb(NO3)2 =0.0106 mol
- = 0.0106 mol X %
g pr =0.00528 mol
119.00 g
Myp, =0.00528 w6l ¥ e
Mpp. =0.629 g
or
m =3.50 g Pb¥O,), X L 6l PONG,), o _LméiKBT . 119.00 g KBr
KBr =3. 327 331.22 ¢ PONO,),” 2 6l PHNO,),” 1 ol KBt
Mep. =0.629 g
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excess myp. = 0.629 g X 110% = 0.692 g

The mass of potassium bromide, to be in reasonable excess, should be 692 mg.

(b) 2KBr,, + Pb(NO;y,, —> 2KNO,, + PbBry
50¢g m
331.22 g/mol 367.00 g/mol
Mooy, =350 8% ﬁ
Mpb(NOy), = 0.0106 mol
Mo, =0.0106 mol X %
MpbBr, =0.0106 mol
Mgy, =0.0106 paci %
Mgy, =0629 8
or

1 w61 PbNO 1 ;61 PbBT 119.00 g PbB
Mpys. =350 ¢ PoNO,), X VL LT ki
2 331.22 g PbNO,), 1 m6l Pb(NOY), 1 ;6] PbBT,

Mpyp; =0.629¢g
2
The mass of lead(II) bromide produced would be 0.629 g.

6. (a) Cu(S) + 2 AgNO3(aq) - 2 Ag(s) + Cu(NO3)2(aq)
100 g 200 g
63.55 g/mol 169.88 g/mol
1 mol
=100¢g X
eu £X 5355 4
ey =0.157 mol
1 mol
nAgNO3 = 200 é X m

nAgNo3 =0.118 mol

Since this reactant mole ratio is 1:2, 0.118 mol of AgNO3(aq) will require 0.118 mol X 1/2 = 0.0589 mol of Cu(s) for
reaction. The Cu, is in excess; so the AgNO3(aq) is the limiting reagent.

(b) Cu(s) + 2 AgNO - 2Ag, + Cu(NO3)2(aq)

3(aq)
200 g m
169.88 g/mol 107.87 g/mol
1 mol
Mpgno, =200 g X 169.88 4
MagNO, = 0.118 mol
Npg =O.118m01><—22—
Npg =0.118 mol
_ 107.87 g
My _0.118mﬁ><71ma
Mg =127¢
or
. _ 200 4 AgNG. X Lol AgNO,  aeipg |, 107.87 2 Ag
Ag ' 37169.88 ¢ AgNO, "~ 2 mdl AgRO, 1 mol Ag
Mg =127¢g

The mass of silver crystals produced would be 12.7 g.
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7. (a) FeCl3(aq) + 3 NaOH(aq) - Fe(OH)3(S) + 3 NaCl(aq)
8¢ 215¢
162.20 g/mol 40.00 g/mol
1 mol
Maon  =21.5¢ X 0004
non = 0.538 mol
1 mol
Mpeci, =268 g X T62204

nFeC13 =0.165 mol

Since this reactant mole ratio is 1:3, 0.165 mol of FeC13(aq) will require 0.165 mol X 3/1 = 0.496 mol of NaOH

(aq)
for reaction. The NaOH(aq) is in excess; so the FeClw1 ) is the limiting reagent.

(b) FeCly,,, + 3NaOH,, — Fe(OH);, + 3 NaCl,,
268 g m m
162.20 g/mol 106.88 g/mol 58.44 g/mol
1 mol
Mpeci, =268 g X 16220
Mecl, = 0.165 mol

1
nFe(OH)3 =0.165 mol X T

nFe(OH)3 =0.165 mol
’ 106.88 g

Megom, = 0-165 paol X i
Megom, =177¢

or

~ 1 pol Be€T, 1 ;6l Fe(@f),  106.88 g Fe(OH),
=268 £ Ee€; X 162.20g13n>ef3x 1 mol Fe€T, : 1 mol Fe(©f),

mFe(OH)3
mFe(OH)3 =177g¢
The mass of iron(IIl) hydroxide produced would be 17.7 g
and  ng,e  =0.165 mol X %

Macl = 0.496 mol

58.44
Mgl = 0.496 w6l X | m({lg
My, =290¢g
or
m —268gF/e€f>< lm&% X3m0/lwx58.44gNaC1
Nacl = <0 3716220 ¢ F/e,6T3 1 mol Fp@g 1 w6l NaCl
My, =290¢g

The mass of sodium chloride produced would be 29.0 g.
Applying Inquiry Skills

8. Determining if enough excess reagent has been added is the same as determining if all of the limiting reagent has
reacted. This can be done in any situation where a product can be removed from the reaction. For example, in a reac-
tion of zinc and hydrochloric acid, where hydrogen bubbles escape, if more zinc is added and no bubbles form, then
all of the hydrochloric acid must have reacted.
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5.6 THE YIELD OF A CHEMICAL REACTION

PRACTICE
(Page 239)

Understanding Concepts

1. The quantity of product predicted by stoichiometric calculation is the theoretical yield. When the reaction is carried
out, the measured quantity of product obtained is the actual yield.
2. An actual yield is a measured quantity, and normal measurement error as well as experimental error can result in this

value being greater than the theoretical yield.

3. (a) NaBr(aq) + AgNO3(aq) - NaNO3(aq) + AgBr
(b) NaBr(aq) + AgNO3(aq) - NaNO3(aq) + AgBr
00g m (5.03 g actual)
169.88 g/mol 187.77 g/mol
1 mol

=500g X ———

"lagno, £ X T69.88 ¢

MagNO, = 0.0294 mol

Npgpr = 0.0294 mol X %

NpgBr = 0.0294 mol
B 187.77 g

Mpgpe = 0.0294 g6l X T E

Mpgpy =933¢

or

1 m6l AgkO,

1 mol Agr{r 187.77 g AgBr

Mags:  =5.00 g AgNO; X 169.88 ¢ AEN@ !
Magy: = 553¢

The mass of silver bromide produced should be 5.53 g.
(c) The mass of silver bromide actually produced is 5.03 g.

(d) % yield = —2cual yield

—————— X 100%
theoretical yield

% yield = M X 100% = 91.0%

553 ¢

ol AN, | il Aght

The percentage yield of silver bromide in this reaction is 91.0%.

4. (a) 4FeS, + 70,4 — 2Fe,03, + 450
16.1¢g 108 g
87.91 g/mol 32.00 g/mol
=16.1g X
"Fes g 87 91 g
Nges =0.183 mol
/ 1 mol
=108 g X
"o, &% 3004
ng = 0.338 mol
2

2(2)

Since this reactant mole ratio is 4:7, 0.183 mol of FeS(S) will require 0.183 mol X 7/4 = 0.320 mol of Oz(g) for reac-

tion. The O, is in excess; so the FeS, is the limiting reagent.

(b) 4 FeS(S) + 7 OZ(g) - 2 F6203(S) + 4 SO
16.1 g m (14.1 g actual)
87.91 g/mol 159.70 g/mol

/ 1 mol
=16.1g X
"Fes 8787014
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Npes =0.183 mol
2
nFe203 =0.183 mol X —4—

nFe203 =0.0916 mol
159.70 g

mF6203 =0.0916 m&l X limgl
Mpe 0, = 146 ¢

or

1ol BeS 2 m6l Fe,0, 15970 g Fe,0,

"Fe,0 ﬂmg%xmmé% 4 161 BeS

1 w6l Eg50,
Mpeo, = 146 ¢
The theoretical yield of iron(Ill) oxide would be 14.6 g.
. actual yield
% yield = —————— X 100%
(©) % yie theoretical yield ’
% yield = 14LE 5 100% = 96.6%
14.6 ¢
The percentage yield of iron(Ill) oxide in this reaction is 96.6%.
Fe,05 + 3COy =  2Fey+ 3 COy,
1000 kg m (635 kg actual)
159.70 g/mol 55.85 g/mol
1 mol
nFe203 = 1000 ké X W
Mge o, = 6.26 kmol
M =626 kmol x T
Nge = 12.5 kmol
5585 ¢
mg, = 12.5 kol X Ll
Mg, =699 kg
or
e = 1000 ke Beg, X IpolEesO;  2moipé | 5585 gFe
Fe 37 159.70 ¢ FesO, 1 mol EesO, 1 a6l e
Mg, =699 kg
% yield ~— =-—octualyield 56,
theoretical yield
% yield M X 100% = 90.8%

699 k6
The percentage yield of iron in this reaction is 90.8%.
CHgOy, + CH,0H,, - CgHgOy) + H,O0
2.00g m (1.65 g actual)
138.13 g/mol 152.16 g/mol

1 mol
= 2. X —
ne o, =200 ¢ 138.13 ¢

ne o, = 0-0145 mol

@

1
ne o, = 0.0145 mol X T
neHo, = 0.0145 mol 1516
- 294108
me 0, = 00145 m6l X i
Me 0, = 220 ¢g

or

Unit 2 Quantities in Chemical Reactions
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1 6l C,HD,

1 6l CHO,  152.16 g CgH, 0,

me gy o, =2.00 ¢ C,H0, X 138.13gc,H@3X

88
Mme w0 =220¢

883
actual yield

% yield = ———————
o i theoretical yield

X 100%

% yield = %ﬁ X 100% = 74.9%.

The percentage yield of methyl salicylate in this reaction is 74.9%

Applying Inquiry Skills
The procedure listed is fatally flawed if the reaction produces any other product (besides the precipitate) that does not
vaporize upon heating, because any such product will also be mixed with the precipitate in the evaporating dish. The
normal way to efficiently recover a precipitate is to filter it using a piece of filter paper of known (measured) mass,

7.

wash and dry it, and measure the mass of the paper plus precipitate.

Making Connections
8. (a) Student research should indicate how large-scale industry practices and procedures result in a more efficient
extraction of the red dye, carmine, from the bodies of female Dactylopus coccus insects (cochineal insects) than
the original hand process of crushing the insects and simmering them in water to extract the dye. Since so many
insects are needed to produce a reasonable amount (150 000 insects per kilogram of carmine), the product is

costly and the process efficiency is, therefore, very important.

Tl G0, 1l C0,

(b) As the insects live on desert cactus plants, cochineal carmine can be produced in arid areas where no other prof-
itable crop can be harvested. This means that in Peru a significantly profitable industry and source of income for

the residents of desert areas depends on these tiny bugs.

‘t_"'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

PRACTICE
(Page 243)

Understanding Concepts

- 6Cuy + SO

(s) (s) 2(g)
250 kg 129 kg
143.10 g/mol 159.16 g/mol
1 mol
=250kg X ——
fieu,0 : 143.10 ¢
Mewo = 1.75 kmol
1 mol
=129kg X ———
lcus : 159.16 ¢

nCllzs =0.811 kmol

9. Yield less than predicted in a reaction may be due to experimental error inherent in the procedure; to impurities in the
reagents; to unwanted side reactions; and to reactions that are not quantitative — that do not “go to completion.”
10. (a) 2 Cu,O + Cu,S

Since this reactant mole ratio is 2:1, 0.811 kmol of Cuzs(s) will require 0.811 kmol X 2/1 = 1.62 kmol of CuzO(s)
for reaction. The CuzO(S) is in excess; so the CuZS(S) is the limiting reagent.

(b) 2Cu,0 +  CuS, — 6 Cu, + SOy,
129 kg m (285 kg actual)
159.16 g/mol 63.55 g/mol
1 mol
=129kg X ———
eus £X 15016 ¢
=0.811 kmol

n
Cu,S

Copyright © 2002 Nelson Thomson Learning

Chapter 5 Quantities in Chemical Equations

137



6

ey =0.811 kmol X 1

ey = 4.86 kmol
— 4.86 k6l x 23928

1 g6

=309 kg

or
IpsiCaS  emeioh _ 63.55gCu
e ’129ké9k’5§x159.16gguz/sx13;&9142/5>< 1 mdl 6

me, =309 kg

u
The theoretical yield of copper would be 309 kg.

(©) % yield = actual yield

—————— X 100%
theoretical yield ’

% yield = ?ﬁg X 100% = 92.2%

09 k¢

The percentage yield of copper in this reaction is 92.2%.
11.(a) C + 2H - CH

(s) 2(9) 4(g)
10.0 kg m (4.20 kg actual)
12.01 g/mol 16.05 g/mol
1 mol
=10.0 kg X
e 0.0 ke X 1o ¢
ne = 0.833 kmol
new, = 0833 kmol x %
ncw, = 0.833 kmol
16.05 g
mey, = 0.833 kpcl X b
My, = 13.4 kg
or
mey =100k ¢ x LooE 1ol CH, | 1605 ¢ CH,
CH, 1201 g€~ 1mol ¢ 1 mol CH,,
mey, = 13.4 kg
% yield = actual yield % 100%

theoretical yield
% yield = % X 100% = 31.4%

13.4 k¢

The percentage yield of methane in this reaction is 31.4%.
(b) If the coal is only 40% carbon, then the percentage yield of methane is increased by a factor of 100/40. The
percentage yield of methane in this reaction becomes 31.4% X 100/40 = 78.6%.

Making Connections
12. (a) Water is a preferable (nonpolluting) solvent.
(b) Room temperature reactions don’t require energy input.
(c) Drying agents are less acceptable — they add an extra chemical.
(d) Purification is less preferred — it will take energy and maybe more chemicals.
(e) Biomass is preferable because it is a renewable resource.
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SECTION 5.6 QUESTIONS
(Page 244)

Understanding Concepts

1. (a) Yield in school experiments can be improved mostly by being careful (e.g., using only clean equipment),
following procedure, and using good technique.

(b) Yields in industrial processes can be improved by adjusting reaction conditions, and sometimes by following a

different reaction sequence.

2. (@ CGHO5, + CHO;, — CHO,, + CHO
2.00g 4.00 g
138.13 g/mol 102.10 g/mol

1 mol

nepo, =200 % 138.13 ¢
”C7H603 =0.0145 mol

1 mol
=4, X —
e, =400 EX TS ¢

2(s)

nC4H603 =0.0392 mol

Since the reactant mole ratio is 1:1, the C7H6O3(S) is obviously the limiting reagent for this reaction.

CHgO5,, +  CHO5, — GCHO,y +  CHO,
2.00 g m (2.09 g actual)
138.13 g/mol 180.17 g/mol
1 mol
ne o, =200 g X 138,13 4
nC7H603 =0.0145 mol
1

nC9H804 =0.0145 mol X T

nC9H804 =0.0145 mol 5017 e

me .0, = 00145 mol X 1—%{1

ngHgO4 =26lg
or

1 w6l GO, 1 m6l CH0,  180.17 g CHLO,
Me,i1,0,= 200 & G0 X g o X Tl D, < 1 él Cp0,

n =261
CoHgO, g

The theoretical yield of Aspirin would be 2.61 g.

. actual yield
b) % yield=———"——
(b) % yie theoretical yield

X 100%

% yield = M X 100% = 80.1%
2.61 ¢
The percentage yield of Aspirin in this reaction is 80.1%.
Applying Inquiry Skills

3. (a) Experimental Design
A measured sample of sodium silicate is dissolved and reacted with an excess of iron(III) nitrate in solution. The
resulting precipitate is filtered, washed, and dried to allow measurement of its mass.

Procedure
A typical student procedure will be very similar to the one created for Investigation 5.5.1. It should be preceded

by a calculation to determine what mass of iron(IIl) nitrate (per gram of sodium silicate) is required to ensure an
excess.
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(b) Evaluation
A percentage yield of 80% is very low for a precipitation reaction. This would probably indicate that the precip-
itate remained at least partly dissolved in the original solution, or dissolved to some extent in the wash water.
Obviously, a different process must be tried to improve the yield.

Making Connections
4. There are many “green” projects for students to research — one example might be the work on fuel cells to allow cars
to run on hydrogen, thus reducing pollutant levels significantly.

‘t_ﬂ'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

5. Student reports will be specific to the educational institution they choose and especially to the person they choose to
interview. The report should concentrate on educational requirements, and the nature of the workday.

‘t_ﬂ'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

5.7 CHEMISTRY IN TECHNOLOGY

PRACTICE
(Page 246)

Understanding Concepts

1. Inspection of the reaction equations shows that all mole ratios in each step are 1:1, so two moles (in total) of
hydrochloric acid are produced for each one mole of sodium carbonate produced.

2. The LeBlanc process was expensive because it required using a large amount of fuel for heat.

3. Air pollutants were a matter of personal concern to people affected directly by them in these centuries, but no govern-
ment had, as yet, considered that controlling pollutants was its responsibility. People in general were not aware of long-
term health hazards or, indeed, of specific pollution hazards, other than odours and skin or lung irritation. Also, because
industries were smaller and relatively few in number, pollutant effects tended to be local rather than widespread.

PRACTICE
(Page 247)

Understanding Concepts

4. (a) CaCOy — CaO) + CO,,

(b) COy+ NHy,, + H,0, — NH,HCO
(¢) NHHCO,, + NaCl
(d) 2 NaHCO;,, — Na,CO;4
(e) CaO(S) + Hzo(l) - Ca(OH)z(S)
(B) Ca(OH)y+ 2 NH,Cl,) 3) 26 T 2 HOy
(2) CaCO3(S) +2 NaCl(aq) - Na2C03(s)+ CaClz(aq) (from text, p. 247)
5. () CaCOs — CaO, + €O,
(i) COy+ NH, + HiOy) — NHHCO;
(iii) NH,HCO,, ) + NaCl,, ) — NHCl , + NaHCO;,
(iv) 2 NaHtCO; () — Na,CO5 + Hs0, + COy
(v) CaGy, + P50y, - CaotD)

)
— NH,CI

3(aq)
(aq) + NaHCO

+ CO

3(s)

+ H,0

(® 2(g)

— 2 NH,, ., + CaCl +2H,0
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(vi) Ca@H), + 2 NHCl ) — 2 B+ CaCly, . + 2 50,

Totalling the above, we get:

CaCOy, + 2 NaCl , ., = Na,CO;, , + CaCl

3(s) 2(aq)

6. The raw materials are CaCO; and NaCl ), both of which are mined easily in large quantity.

The primary product is sodium carbonate (washing soda), Na,CO; . The byproduct is calcium chloride, CaCl, .

8. Sodium hydrogen carbonate (sodium bicarbonate or baking soda), NaHCO3(S), is a marketable intermediate.
Removing this intermediate from the reaction sequence means less sodium carbonate, Na2CO3(S), will be produced,
and some water and carbon dioxide must be added back into the reaction sequence.

9. Water and energy will also be required for this process.

10. Larger reaction scale is more efficient, and thus more economic. It does not cost twice as much to build a reaction
vessel twice as large, nor are twice as many employees required to operate it, but it will produce twice as much
product, and therefore, twice the value.

PRACTICE
(Page 249)

(aq) 3(s)

~

Making Connections

11. Industries may resist changing processes because of high restructuring costs (new manufacturing plants, new delivery
methods, perhaps a need for new resources) and employee change/training/dislocation costs. The risk is loss of prof-
itability; the benefit may not be sufficient, or may not be sufficiently well defined.

12. Consumers have input through consumer action groups, by personal complaints, and through government, but their
primary input is the effect they have on the profitability of the process, through their decision to purchase or refuse to
purchase the product.

13. Student discussion should include examples of percentage composition, stoichiometric reaction quantities, and
percentage yield for the industrial chemical process chosen.

ﬂ:_"'j GO TO www.science.nelson.com, Chemistry 11, Teacher Centre.

SECTION 5.7 QUESTIONS
(Page 250)

Understanding Concepts
1. Science is the study of the natural world to describe, predict, and explain changes and substances; technology encom-
passes the skills, processes, and equipment required to make useful products or to perform useful tasks.
2. (a) Technological question.
(b) Scientific question.
(c) Scientific question.
(d) Technological question.
(e) Scientific question.
(f) Technological question.
3. The LeBlanc process produced sodium carbonate (washing soda), which was in demand for glassmaking, among other
things.
4. The LeBlanc process required a great quantity of costly fuel for energy, and produced a large quantity of undesirable
pollutants.
5. Some (only a few) of the uses of Solvay products and a byproduct:
(@) Na,COy ) — cleaning compounds, pH control, food additive, glassmaking, chemical analysis.
(b) NaHCO; ) — baking powder, pharmaceuticals, sponge rubber, gold and platinum plating, fire extinguishers,
cleaners, and antacids.
© CaClz(s) — de-icing, dust control on roads, fungicides, use in the paper industry, drying agent, and pharmaceuti-
cals.
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CHAPTER 5 REVIEW

(Page 252)

Understanding Concepts

1.

142

(a) In areagent mix, the one consumed first, causing the reaction to cease, is the limiting reagent. Some of the other
reagent will remain, so it is said to be in excess.

(b) A chemical reaction involves change in the electrons of an entity; a nuclear reaction involves change in the atomic
nuclei.

(c) Alpha decay involves the emission of an alpha particle (helium-4 nucleus) from an atomic nucleus, while beta
decay involves the emission of a beta particle (electron) from a nucleus.

(d) The quantity of product predicted by stoichiometric calculation is the theoretical yield. When the reaction is
carried out, the measured quantity of product obtained is the actual yield.

(e) An empirical formula shows the simplest integral ratio of component entities. A molecular formula shows the
actual numerical ratio of atoms in a molecule of the substance.

(a 2S0,.,,+0,,,—2S0O

2(g) 2(g) 3(g)
(b) SOy, + Hy0( = H,80,
(€) CaOy) + SOy, = Oy + CaSOy
(d) CaOy, + H,80y,,) = Hy0, + CaSOy
(&) Aly(SiOy)y + 3 HySO, ) = 3 H,8i05,0)+ AL(SO,)s
(@) Z3Th — Je + 2iPa
(b) 233Pa — % + 233U
BlT— % + HlXe
(a) 21 - ZXe+ f%
(b) ggFe - ggCo + fl)e
© %%Rn - zéiPo + ‘Z‘He
(d) 22Cf+ 198 - 2 Lr+3 [n
(e) Z9Pu+4He — 282Cm + |n

The mass number drops by 28, which means 28/4 = 7 alpha decays. The atomic number only drops by 10, which
means 14 — 10 = 4 beta decays.
120Re — 12005 + e

oy ; 814 1

3L1 - 3L1 + o0

214R; _ 210 4
83B1 - 79Au + 2He
162 162 0
69Tm - 70Yb + je

120 120 0
q0ln — '50Sn + Je

2CH g + 25 Oy, - 16 CO,,, + 18H)0,,
692 g m
114.26 g/mol 44.01 g/mol
/ 1 mol
egh T 692 ¢ % 114.26 ¢
Mo, = 6.06 mol y
nco, = 6.06 mol X EX
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|l Gt

16 w6l ¢,

44.01 g CO,

Neo =48.5 mol
44.01 g
=48.5 mol X
Mco w6 1 pdi
meo  =2.13x10% g=2.13 kg
or
Meo, =092 g CeHgx
meo,  =213x10% g=2.13kg

The mass of carbon dioxide formed is 2.13 kg.

11426  CHy, 2l Cty 1 el 063,

9. (@) WOy + 3Hy, — W, + 3H,0,
m 5.00 g
231.85 g/mol 183.85 g/mol
1 mol
=5.00¢ X ———
w £X Tg3.85 ¢
Ny =0.0272 mol
Mo, = 00272 mol X
nwo =0.0272 mol
231.85¢
Myo. = 0.0272 w6l X BT
Myo. =631g
or
1 mdl WO 231.85 g WO
myo  =5.004W X Lpdl W 16l WO, R
5 183.85¢W = 1mol W 1 mél Wer,
Myo, = 631¢g
The mass of tungsten(VI) oxide needed is 6.31 g.
(b) WOy, + 3Hy, —» W+ 3H,0,,
5.00¢g m
183.85 g/mol 18.02 g/mol
1 mol
=5.00¢ X ——
w £X Tg3.85 ¢
Ny =0.0272 mol
Mo = 00272 mol x 2
Mo = 0.0816 mol
B 18.02 g
myo  =00816 w6l X i
Myo = 147 ¢g
or
. 5004V X 1 g6l W X3m&%§x18.ongzo
H,0 ' 183.85¢W = 1 mol W 1 w6l B50
Myo = 147 g

The mass of water vapour produced is 1.47 g.

10. (a) HC4H702(D + CszOHa) - C4H702C2H5(1) +
300¢g 180 ¢
88.12 g/mol 46.08 g/mol
1 mol
My o, = 30.0 ¢ X TR

"HC,HO, = 0.340 mol

Copyright © 2002 Nelson Thomson Learning
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NeHOH = 0.391 mol

Since the reactant mole ratio is 1:1, the HC,H,0,,, is obviously the limiting reagent for this reaction.

(b) HCH,0,, + GCHOH; — CHO,CHy, + HO,

300¢g m
88.12 g/mol 116.18 g/mol
1 mol
Myc o, =30.0 g X TR
MHC 1,0, = 0.340 mol
1
MCH,0,C,H, =0.340 mol X 1
MC1,0,C,H, = 0.340 mol 16,18 ¢
mC4H7OZC2H5 =0.340 m&l X 179161
M 1,0,C,H, =396¢
or
1 m6l HCH,0, _ 1 mol CH-0,CH;  116.18 g C,H,0,C,H
Me n,0,0H, = 30~0éHCArH;02X m({ AH; 2 X m({ 7/225 x g}S

Mero,c1, = 396 2

The mass of ethylbutanoate produced is 39.6 g.

11. Use the equation mole ratios in sequence: 1 mol NH3(g) reacts to form 1 mol NO(g) ;and 1 mol NO(g reacts to form
1 mol NOz(g) ; and 1 mol NOz(g) reacts to form 2/3 mol HNO3(aq) . This simplifies to: 1 mol NH3(g) reacts to form
2/3 mol HNO3(aq) , or integrally, 3 mol NH3(g) react to form 2 mol HNO

3(aq)
since 3 NH3(g) react to form 2 HNO3(aq)
4.00 mol m
63.02 g/mol

2
nHNO3 =4.00 mol X g

nHNO3 =2.67 mol
63.02 g

MyNo, = 2.67 mol X | el

MyNo, = 168 g

or

2 w6l HXO,  63.02 g HNO,
= 4.00 p6] X 3 X :
DA, 3 w6l NH, 1 w6l HNO,

MyNo,
Myno, = 1682

The mass of nitric acid produced is 168 g.
12. (@) C3H5(OH)5, + 3 HNO3(aq) - C;Hs(NOy)5, + H,0

(b) C;H5(OH),,) + 3 HNO3(aq) - GHi(NOy),;,, + H)0

@
®

104 ¢ 192 ¢
92.11 g/mol 63.02 g/mol
1 mol
ne ot =104 ¢ X 5211 4
MC H(OH), =0.113 mol -
mo

MNo, =19.2¢ X 6302 4
"o, = 0.305 mol
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Since the reactant mole ratio is 1:3, 0.305 mol of HNO; 3(aq) would require 0.305 mol X 1/3 = 0.102 mol of

C HS(OH)3(1) to react completely. The amount of C HS(OH)3(1) is in excess, so the HNO3(aq) is the limiting reagent
for this reaction.

(©) C3Hg(OH)y; + 3HNOy, . —  CH(NOy, + H0
19.

2¢g m (22.6 g actual)
63.02 g/mol 227.11 g/mol
1 mol
Mino, =19.2¢ X 63.00 ¢
"HNo, = 0.305 mol
’ 1
nC3H5(N()3)3 =0.305 mol X g
ne H.NO =0.102 mol
H1sNO3)5 227.11¢g

Me oy, =0.102 mol x I

MC H/NO,), =231g¢g
or
. 1924 1 mol HNO, 1%% ,, 227118 GH(NO),
C3H;(NO3); 2 £ HNO; X 63.02 ¢ 111»63 3 w6l HXO, _—
MC H,(NOy), =231¢g

The theoretical yield of nitroglycerin should be 23.1 g.

(d) % yield = actual yield

—I———— X 100%
theoretical yield ’

% yield = ;g—?é X 100% = 97.8%

The percentage yield of nitroglycerin in this reaction is 97.8%
13. Yield less than predicted in a reaction may be due to experimental error inherent in the procedure; to impurities in the
reagents; to unwanted side reactions; and to reactions that are not quantitative — that do not “go to completion.”

14.(@) SiOy, + 4HF,, - SiFy, + 2H,0,,

6.80 g m

60.09 g/mol 104.09 g/mol
isio, =680 X — _‘gg’lé
S0, = 0.113 mol
nSi, =0.113 mol X %
nSiF, =0.113 mol
mgp, = 0.113 el X 104£21g
Mgip, = 118 g

or

. 1 mol % 1 ;i SiF,  104.09 g SiF,
68050, X o e, Tl 56, 1l S,

Msir,
mge, =118 g

The mass of silicon tetrafluoride produced is 11.8 g.

(b) SiO,,, + 4 HF - SiF,, 2H,0
532¢g m
60.09 g/mol 20.01 g/mol

(aq) ®

ngo, =532¢X
S0, = 0.885 mol
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4

Nyp =0.885 mol X 1
nyE = 3.54 mol

mygp = 3.54 mol X 210';1{5
Myp =709 g

or

=532 ¢ Sif, X 6;??;’;2{2 y 14;?1;% " 21().%g;ﬁp

Myr
My =709 g
The mass of hydrofluoric acid required is 70.9 g.

(¢) SiOy, + 4HF,, - SiFy, + 2H,0,,
106 g m
60.09 g/mol 18.02 g/mol
1 mol
ngo, =106gX 5009 2
S0, = 0.176 mol
Mo = 0.176 mol X %
Mo = 0.353 mol
_ 18.02 g
myo  =0.353 mél X Y

myo, =636 g

or

. 1pdl Si,  2mél B0 18.02 g H,0
Mo =106 £ 590, X G 00 i, X Tpdisi6; 1 B

myo =636 g

The mass of water produced is 6.36 g.

15. (@) C,H;OH, + 3 0y, = 2C0y, + 3 H)0,
(b) C,H;OH + 3 0y, = 2C0y, + 3 H)0,
450.0 g m
46.08 g/mol 44.01 g/mol
1 mol
= . X
ne o = 4500 g 26.08 4
ne,HOH = 9.766 mol
2
neo, = 9.766 mol X 1

nCO2 =19.53 mol

44.01
meo, = 19.53 mdl x 1m<ﬂg
meo,  =859.6 g

or 1 ;61 C,lOH 2 ol ¢, 44.01 g CO,
= 4500 gCHOH x ——— 25— XIMC%OHXIM%

Mo =859.6 g
2
The mass of carbon dioxide produced is 859.6 g.

(© CHOHy + 30,, — 2C0,, + 3HO

(&)
450.0 g m
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46.08 g/mol 18.02 g/mol
1 mol
ne pron = 450.0 ¢ X 26.08 4
Me H.0H = 9.766 mol X
Mo = 9.766 mol X 1
Mo = 29.30 mol 1502
myo  =29.30 w6l X Ll
Myo = 5279 g
or
1 C2H/(3H 3 m6l B50 18.02 g H,O
my o = 450.0 g C,HOH X il ol B X 2 2
p 4608§CMH 1 m6l C,HcOH 1 ;6 BsO
mHzo =5279 g
The mass of water produced is 527.9 g.
(d) C,HOH + 3 0y = 2C0y, + 3 H)0,
450 Og m
46.08 g/mol 32.00 g/mol
ne o = 450.0 ¢ X 4608g
C,HOH = 9.766 mol X
ng =9.766 mol X —
> 1
ng =29.30 mol
? 32.00 g
=29.30 mol X —
Mo, ol 1 i
mo, =9375 g
or
450.0 ¢ C,3EGH x m&czh/éH 36l 0 32.00 g O,
Mo, =W > 4608§CMH 1 m6l C,HOH 1 m6l O
ma =9375 g
2
The mass of oxygen required is 937.5 g.
(e) C,H;OH + 3 0y, = 2C0y, + 3 H)0,
The masses involved, respectively, in this reaction are:
450.0 g 9375¢g 859.6 g 5279 ¢
Addition shows that (450.0 + 937.5) = (859.6 + 527.9) = 1387.5, so the result agrees with the law of conservation of
mass.
16. 2Cu0, + C - 2Cuy + COy,
50.0 kg m
79.55 g/mol 1 2.01 g/mol
1 mol
=50.0kg X
'cuo £X 7955 d
newo = 0.629 kmol
ne =0.629 kmol X %
ne = 0.314 kmol
1201 g
=0.314 kol X
me 0.314 k6l i
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me =3.77 kg

or

me :50.0ké9a6x719.?5"§é9§6x2;26;§6x llz%g;
me =3.77kg

The mass of carbon required is 3.77 kg.

Applying Inquiry Skills

17. A solid reaction product can be removed (by filtration, for instance) from the reaction system. If some more of the
(presumed) excess reagent is added, and no reaction occurs, then the limiting reagent is completely reacted and the
other reagent is present in excess.

18. (a) Prediction
Na2504(aq) + BaClz(aq) - 2NaC1(aq) + BaSO4(S)

142.04 g/mol 233.39 g/mol

Since the substances are in a 1 : 1 mole ratio, the mass ratio of BaSO iGs) Na,SO 4(aq) will be 233.39 : 142.04 or 1.6431
: 1.0000. This means that for each 1.0000 g of sodium sulfate reacted, 1.6431 g of barium sulfate should be produced.

(b) Experimental Design
A measured mass of sodium sulfate is dissolved and reacted with excess barium chloride solution. The precipi-
tate is filtered, dried, and weighed.

(¢) Procedure
1.  Use a clean, dry 250-mL beaker to obtain a 2.00 g sample of NaZSO4(aq).
2. Use a 100-mL graduated cylinder to add approximately 50 mL of BaClZ(aq) to the beaker.
3. Allow the precipitate to settle, and test the clear liquid above the precipitate (the supernatant liquid) with a
small amount of the BaClz(aq) from a medicine dropper to see if further precipitation occurs.
4. If the test in step 3 indicates the reaction is not yet complete, repeat step 3 until no further precipitation
occurs.

5. Measure and record the mass of a piece of filter paper to 0.01 g.
6. Filter, wash, and dry the BaSO4(S) precipitate.
7.  Measure and record the mass of the filter paper plus dry precipitate to 0.01 g.
8.  Dispose of all waste materials according to instructions.
(d) Analysis

To determine the purity of the sample, the percentage yield of the BaSO4(s) precipitate is calculated.

% yield = —cmalyield 50
theoretical yield

The BaSO 4(s) Percentage yield represents the purity of the sodium sulfate reagent as a percentage.

(e) Evaluation
This analysis assumes: that the other reagent is pure; that the precipitate is negligibly soluble; and that the exper-
imental error is negligible. If any of these assumptions are incorrect, the actual yield value will be affected.

Making Connections

19. The report for this question should emphasize primarily the social perspective (the advantage of increased food
supply) and the environmental perspective (the disadvantage of water pollution) as a typical tradeoff involving tech-
nology.
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