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CHAPTER 9
Chemical Quantities

CHAPTER ANSWERS ‘

1. The coefficients of the balanced chemical equation for a reaction give the relative numbers of
molecules of reactants and products that are involved in the reaction.

2. The coefficients of the balanced chemical equation for a reaction indicate the relative numbers of
moles of each reactant that combine during the process as well as the mumber of moles of each
product formed. ' '

3. Although we define mass s the “amount of matter in a substance,” the units in which we measure
mass are a8 human invention. Atoms and molecules react on an individual particle-by-particle
basis, and we have to count individual particles when doing chemical calculations.

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

o ' :

8. PClL()+3H,0() - H;PQs(ag) +3HCl(g) |

One molecule of liquid phosphorus trichloride reacts with three molecules of liquid water,
producing orie melecule of aqueous phosphorous acid and three molecules of gaseous
hydrogen chloride. One mole of phosphorus trichloride reacts with three moles of water to
produce one mole of phosphorous acid and three moles o,f hydrogen chloride.

b.  2XeFy(g) +2H0() — 2Xe(g)+4HF(g) + Oy(g)

Two molecules of gaseous xenon difluoride react with two molecules of liquid water,
praducing two gdseous xenon atoms, four molecules of gaseous hydrogen fluoride, and one
molecule of axygen gas. Two moles of xenon difluoride react with two moles of water to
produce two moles of xenon, four moles of hydrogen fluoride, and one mole of oxygen,

¢.  S(s) + 6HNOs(ag) — H;SO4(ag) + 2H,0(]) + 6NOy(g)

One sulfur atom reacts with six molecules of aqueous nitric acid, producing one molecule of
aqueous sulfuric acid, two molecules of water, and six malecules of nitrogen dioxide gas.
One mole of sulfur reacts with six moles of nitric acid to produce one mole of sulfuric acid,
two moles of water, and six moles of nitrogen dioxide.

d.  2NaHSOy(s) — Na;SOs(s) + SOy(g) + H,0())

Two formula units of solid sodium hydrogen sulfite react to produce one formula unit of
solid sodium sulfite, one molecule of gaseous sulfur dioxide, and one molecule of liquid
water. Two moles of sodium hydrogen sulfite react to produce one mole of sodium sulfite,
one mole of sulfur dioxide, and one mole of water.
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a.  (NHg)COs(s) — 2NH;(g) + CO,(g) + H,0(g)

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

b.  6Mg(s) + Ps(s) = 2MgsPs(s)

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

c.  4Si(s) + Sg(s) — 2Si,S4())

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

d. CHsOH(/) + 30x(g) — 2CO,(g) + 3H,0(g)

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

False. The coefficients of the balanced chemical equation represent the ratios on a mole basis by
which potassium hydroxide combines with sulfur dioxide.

Balanced chemical equations tell us in what molar ratios substances combine to form products;
not in what mass proportions they combine. How could 2 g of reactant produce a total of 3 gof
products?

For converting from a given number of moles of CH, to the number of moles of oxygen needed
for reaction, the correct mole ratio is

2 mol O,
1 mol CH, }°

For converting from a given number of moles of CH, to the number of moles of product
produced, the ratios are

1 mol CO, and 2 mol H,0
1 mol CH, 1molCH, )
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10.  S(s) +2H:S04()) — 3S04(g) + 2H,0()

3molSOJ

s SOz,( 1S

For 1,0, | 220l H:0
1molS

For stoﬁ 2_11;_01&8_0_4_
.\ 1molS

8. 2Mg(s) + Ox(g) - 2MgO(s)

- 2mol MgO _
o1 Mgx ———=—=
0,15 mol Mg 2 mol Mg

b 2Mg(s) + Ox(g) —> 2MgO(s)

2 mol MgO
0.15 mol Oy x ———=—
G8 | SO L T il

5 c.  4Fe(s)+30,(2) — 2Fe,04(s)
2 mol Fe,0, . g
—_—a==0.075 FeO
4molFe oo R
_ d.  4Fe(s) +304(g) - 2Fe,0x(s)
2 mol Fe,0,
mol O,

0 15 mol MgO
=0.30 mol MgO
L.g : 0.15 mol Fe x

£ 0.15 mol Oz x =0,10 mol Fe203 :

12, : _ :
] a 2cz;Hs<g)+7oz<g) —5 4C0y(g) + 6H;0(g)
2 Tmol O

5.0 mol C,H; ——-3— 17.5 mol O, (18 mol O,)

b.  Py(s) +50x(g) - P4Oi(g)

5.0 mo] P4 x M=2§ mol O,
1 mol P,

c.  CaO(s) + COx(g) — CaCOsx(s)

5.0 mol Ca0 x ~ 2% CD; _ 5.4 101 CO,

1 mol CaO
d.  4Fe(s) + 305(g) — 2Fe,04(s)

3 mol O2
mol F

5.0 mol Fe x

= 3.75 mol O, (3.8 mol O,)
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13.
a. CHsOH())+30,(g) — 2C0Os(g) + 3H,0(g)
1,25 mol C;HsOH x —2291C0:__ 5 50 mo1 co,
1 mol C,H,0H
1.25 mol C;H,0H x — B0 __ 5 s 01 H,0
1 mol C,H,OH
b.  Ny(g)+ 0x(g) — 2NO(g)
1.25 mol Ny x 220INO _ 5 50 ol NO
1molN,
c.  2NaClOy(s) + Cly(g) — 2ClOx(g) + 2NaCl(s)
1.25 mol NaClO, x BAMOLCIO, B 1.25 mol Cl10,
2 mol NaClO,
1.25 mol NaCIO, x 2 HoINaCl__, s oI NaCl
2 mol NaClO,
da ) 3H2(g) +N2(g) o d 2NH3(g)
1.25 mol Hy x 22NH; _ 6 £33 mol NH,
3 mol H,
14.
a. NHj(g)+HCl(g) — NH(CI(s)
molar mass of NH,Cl, 53.49 g
0.50 mol NH, x JBOLNHCL_ ) o ol NHLCI
1 mol NH,
53.49 g NH,CI
0.50 mol NH,Cl x 22 B2 _ o9 cl
Lol 1 mol NH,Cl ShEL

b.  CHa(g) +4S(g) — CSy(/) + 2H,S(g)
molar masses: CS,, 76.15 g; H,S, 34.09 g

0.50 mol S x -89 ES2 _ 6 155 mol Cs, (= 0.13 mol CS,)
mol S
0.125 mol CS, x 019 BCS; _g 5. s,
1 mol CS,
0.50 mol § x 2PHS _ o5 ol H,S
mol S
0.25 mol H,S x 098 H,S _ o ¢ g H,S
1 mol H,S
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c.  PCli()+3H,0()) - H3POs(aq) + 3HCl(aq)
molar masses: H;PO;, 81.99 g; HCI, 36.46 g

0.50 mol PCl; x LI H3PO; _ o o i H:PO,
1 mol PCl,

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

3 mol HCI iy
1 mol PCl,

0.50 mol H3PO; x =41 g H;PO;

0.50 mol PCl; x 1.5 mol HCl

36.46 g HCI
1 mol HCI

d.  NaOH(s) + CO,(g) — NaHCOs(s)
molar mass of NaHCO; = 84.01 g

0.50 mol NaOH x LMo NaHCO, _ o0 NaHCO,

1 mol NaOH

84.01 g NaHCO,
1 mol NaHCO,

1.5 mol HCI x =54.7=155 g HCI

0.50 mol NaHCO; x

=42 g NaHCO;

15.
a.  Cl(g) +2KI(aq) — 2KCl(ag) + Iy(s)

0.275 mol Cl, x 20LKI _ o con mol KI

1 mol Cl,
b. . 6CO(S) + P4(S) —> 2C03P2(S)
1 mol P,
6 mol Co
C.  Zn(s) + 2HNO;(ag) — Zn(N O1):(aq) + Ha(g)
2 mol HNO,
1 mol Zn
d.  CsHix(/) + 80,(g) — 5CO,(g) + 6H,0(g)

8 mol O,
1 mol C;H,,

0.275 mol Co x =(0.0458 mol P,

0.275 mol Zn x =0.550 mol HNO;

0.275 mol CsH;; x =2.20 mol O,

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

3 mol O,

0.625 mol KOH x ——=—
4 mol KOH

=0.469 mol O,
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b. Seo,(gj;ézH,Se(g) > 38e(s) + 2H,0(g)

0.625 mol ;0 x 2015 __ 6 938 mol Se

2mol H,0

€ 2CH;CH,0H()) + Oy(g) — 2CH;CHO(ag) + 2H20(1)

0.625 mol ;0 zmlcmCHO-o.szsmoch,cno
inol H,0
d. FQO;(S) + ZAI(-V) -~ ZFG(I) + A1203(s)
2 mol Fe

.625 1 .-—'—-r-'—-‘=l 1 F
0.625 mol Al,03 x quQg .25 mol Fe

17. ﬂncmolarmassofﬁwsubstance

- 18.

‘19,
8 molarmapsHeé4.00Sg

20.

-

Stoichiometry is the process ofusmgachemlcalequat:ontocalculatetherelatwemasses of .
macmntsandproducts involvedmamcnon.

. _ 1molHe
3 2 N rm——— = .6 H
2.62 g He 2.003 g Ho 0.654 mol He

b.  molar mass H;BO; = 61.83 ¢

1 mol H,BO
495 g H;BO, x 2O H,BO,
8 HB0s X I m g H.BO,

¢.  molar mass CaF, =78 Osg

1 mol CaF,
78,08 g CaF,

d.  molar mass Mg(C;HhOy); = 142.4 g

1 mol Mg(C,H,0,),
1
0.195 g Mg(CHs0y), X 142.4 g Mg(C,H,0,),

e. molarmass NH;=17.03 g

1 mol NH,
17.03 NH

=0.0801 mol H;BO;

B.31 g CaF, x = 0.106 mol CaF,

= 0.00137 mol Mg(C,H;0;),

9.72 g NH; x =0.571 mol NH3

8. molar mass Li;CO; = 73.89 g; 2.36 mg = 0.00236 g

1 mol Li,CO,

0.00236 g Li,CO; x
B L0, 2 8o g Lico,

=3.19 x 10~ mol Li,CO,4
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molarmass U=2380g
' 1 mol U

————=8,07 % 10°mol U
2380gU e

1.92x10%gUx

" molar mass PbCl, = 278.1 g; 3.21 kg =321 x 10°g

1 mol
278.1g

molar mass CeHy, Qs = 180.2 g
1.mol C,H,,0,
180.2 g C;H,,0,

molar mass KOH = 56.11 g

1 mol KOH
56.11 g KOH

3.21 x 10° g PbCl, x =11.5 mol PbCl,

=0.0256 mol CsH ;05

7.75 g KOH x =0.138 mol KOH

miolar mass O, =32.00 g
32.00g0,
1 mol O,
molar mass Pt=195.1g;  .1.27 millimol = 0.00127 mol

' 195.1 gPt
0. 1 Pt X ————=—
00127 mo 1 ™

4,25 mol O, x =136g0;-

=0248 g Pt

‘molar mass FeSO, = 151.92 g

0.00101 mol FeS0, x 22228Fe80, _ 151 150,

~. 1mol FeSO,
molar mass CaCO; = 100,09 g
100.09 g CaCO,
1 mol CaCO,
molar mass Ag=197.0 g

197.0 g Au
1 mol Au

molar mass H,O, = 34.02 g
34.02gH,0,
1 mol H,0,

75.1 mol CaCO, x =7.52% 10° g CaCO,

1.35 % 107* mol Au x =0.0266 mol Au

1.29 mol H,0, x =43.9 g H,0,

]

‘molar mass CuS =95.62 g

95.62 g CuS
1 mol CuS

6.14 mol CuS x =587 g CuS
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22,
a. molarmassof Cul=190.5g

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

159.8 g Br,
1 mol Br,

0.624 mol Cul x =119 g Cul

4.24 mol Br, x =678 g Br,

c. molar mass of XeF;=2074 g

0.000211 mol XeF, x 2214 8XEs _ 4 0438 ¢ XeF,
1 mol XeF,
d. molar mass of C;Hs=28.05 g
28.05g C,H
9,11 mol C;Hy x ——————2-4=256gC
T Bes
e. molar mass of NH; = 17.03 g; 1.21 millimol = 0.00121 mol
0.00121 mol NH; x L7 U3, 0.0206 g NH;
1 molNH, -
f.  molar mass of NaOH =40.00 g
4.25 mol NaOH x J0-008NaOH _ 0 a0H
1 mol NaOH
g. molar mass of KI=166.0 g

166.0 g KI

1.27 x 107° mol KI x =2.11x10"gKI
1 mol

23. Before any calculations are done, the equations must be balanced.
a.  CSy()) +30,(g) — COx(g) +2S0x(g)
masses: CS,, 76.15 g; CO,, 44.01 g; SO,, 64.07 g
1 mol CS,

155 g CSy x —LES: _ 02035 mol €S,
76.15 g CS,

0.02035 mol €S, x -1 €0: _ 4 62035 mol €O,
1 mol CS,

0.02035 mol CO, x 2301 8C€0: _ 206+ cO,

1 mol CO,

0.02035 mol CS, x 22°L50: _ 4 64071 mol S0,

1 mol CS,

64.07 g SO,

0.04071 mol SO; x
1 mol SO,

=2.61 g SO,
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Chapter 9: Chemical Quantities 181

b, 2NaNOs(s) —> 2NaNOy(s) + Ox(g) 1
molar masses: NaNOs, 85.00 g; NaNO,, 69.00 g; O;,32.00 g
1 mol NaNO,
85.00 g NaNO,

2 mol NaNO,
2 mol NaNO,

69.00 g NaNO,
1 mol NaNO,

1 mol O,
2 mol NaNO,

32.00g0, |
2220202
m0] Oz , E 02

1.55 g NaNOs x = 0.01824 mol NaNO;

0.01824 mol NaNO; x = (.01824 mol NaNO,

0.01824 mol NaNO, x = 1.26 g NaNO,

0.01824 mol NaNO; x =0.00912mol O,

0.00912 mol O, x

c.  Hy(g)+MnOy(s) — MnO(s)+H;0(g) (already balanced)
molar masses: MnO;, 86,94 g; Mn©, 70.94 g; H,0, 18.02 g
1 mol MnO, -
86.94 g MnO,
1 mol MnO
1 mol MnO,
70.94 g MnO
1 mol MnO
' 1 mol H,0

0.01783 mol MnO; X
b giac o

18.02 g H,0
1 mol H,0

d.  Bry()) +Cl(g) — 2BrCl(g)
molar masses: Br,, 159.8 g; BrCl, 1154 g

1.55 g MnO; x = 0.01783 mol MnO,

0.01783 mol MnQO, x = 0.01783 mol MnO

0.01783 mol MnO X =1.26 g MnO

= 0.01783 mol H,0

-

© 0.01783 mol HO x =0.321 g H;O

1 mol Br,
159.8 g Br,

0.09700 mol Br, x 2201 BrCl _ 1 11940 mol Brc1
1 mol B, :

115.4 g BrCl
1 mol BrCl

1.55gBr; x = 0.00970 mol Br,

0.01940 mol BrCl x =2.24 g BrCl
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24. Before any calculations are done, the equations must be balanced.
C.HsOH()) + 305(g) — 2CO,(g) + 3H,0(g)

a.

molar mass C;HsOH = 46.07 g
1mol C,HOH 3

mol O,

3.00 g C-HsOH x

Py(s) +504(g) — P4Oyo(g)
molar mass P, = 123.88 ¢

1 mol P, >(5 mol O,
123.88g 1molP,
MgO(s) + CO,(g) —» MgCOs(s)
molar mass MgO=40.31g

5.00 g Py x

: 1 molMgO _ 1molCO
5.00 g MgO x ——X 2
E 4031 gMgO 1 mol MgO
~ 2Fe(s) + Ox(g) — 2Fe0(s)
molar mass Fe = 5585 g

‘l'molFe.xl mol O,
55.85gFe 2 mol Fe

5.00 g Fe x

=(.326 mol 02

46.07 g C,H,0H 1 mol C,H,0H

=0.202 mol O,

=0.124 mol CO, .

=0.0448 mol O,

2S. Before any calculations are ddn_e. the equations must be balanced.

a,

 TiBra(g) + 2Hy(g) —» Ti(s) + 4HBr(g)

molar mass Hy = 2.016 g; molar mass Ti = 47.90 g; molar mass of HBr = 80.91 g

1mol H,
125gH x —22 M _ 620 mol B
R TP &

6.20 mol H, x Lm1 Ti
2 molH,

3.10 mol Ti x M: 148 g Ti
1 mol Ti

4 mol HBr
mol H,

80.91 g HBr
1 mol HBr

=3.10 mol Ti

6.20 mol H, x = 12.4 mol HBr

12.4 mol HBr x

= 1.00 x 10° g HBr
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b.  3SiHy(g)+4NHs(g) — SisNe(s) + 12H(g)
molar mass SiH,; = 32.12 g; molar mass SizN, = 140.3 g; molar mass H, =2.016 g
1 mol SiH ;

MmOl 0,389 mol SiH,
125 g S X o g SiH, o

R it

T
PET RGeS R
e -

1 mol Si,N
X HIORSL DI =0, 130 1 Si
0.38? mol SiH, 3 mol SI, mol SisNg
140.3 g Si;N,
1 mol Si,N,

; 12 mol H,
8 1S —_—
. 0.389 mol SiH, x 3 mol STH,

0.130 mol SisN x =18.2 g Si3N,

=1.56 mol Hy

1.56 mol H, x M-—n 3.14gH,
lmol H,

C. 2N0(g) + 2H2(g) - Nz(g) + 2H20(I) :
molar mass H; =2.016 g; molarmassNz = 28.02 g; molar mass HgO 18 02g

1 molH,
2.016gH,

1 mol N,
2mol H,

28 02gN,
mol N,

' 2:mol H,O
2molH, °

18.02 31120
1molR,0

d.  CusS(s) - 2Cu(s) + S(g)
molar mass CupS = 159.2 g; molar mass Cu = 63.55 g; molar mass S =32.07 g

12.5 g H; x — 620 mol H,

6.20 mol H, x =:;.1Io mol N,
3.10 mol N, % =869gN,
6.20 mol Ha X = 620 mol H,0
6.20 mol H,0 x =112gH,0

12.5 g Cup8 x 2L CUS _ 6785 mol CuyS
1592 g Cu,8

00785 mol Cu,S x 2 €8 _ 4 157 mol Cu’

1 mol Cu,S
63.55gCu
1 mol Cu

0.0785 mol Cu,S x —2218 __ 00785 mol S

1 mol Cu,S

0.157 mol Cu x =998gCu
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3207g8S

0.0785 mol S x =252
_.7 mo‘ T mol S 2 gS_

2BClj(s) + 3Hy(g) — 2B(s) + 6HCl(g)
molar masses: BCls, 117.16 g; B, 10.81 g; HC], 3646 g

1 mol BCl,
0 3% — 0,128 mol BCI
117.06gBCL, - o

0.128 mol BCly x —>=0lB_ 1081gB_, 508

2mol BCl; 1molB

6mol HCl 3646 g HCI
2mol BCl; 1 mol HC]
2Cu,S(s) + 304(g) — 2Cu,0(s) + 280,(g)
molar masses: Cu;S, 159.17 g; Cu,0, 143.1 g; SO,, 64.07 g
1 mol Cu,S
159.17 g Cu,S
2 mol Cu,0 ,143.1gCu,0
2mol Cu,S§ 1 mol Cu,0

2 mol SO, x'54.o7 g SO,

2 mol Cu,S " 1 mol SO,

2Cn,0(s) + CuS(s) — 6Cu(s) + §0,(2)

molar masses: Cu,S, 159.17 g; Cu, 63.55 g; SO, 64.07 g
1 mol Cu,8

159.17 g Cu,S

" 6 mol Cu x63.SSgCu
1 molCu,S 1 molCu

1 mol SO, __64.07 g SO,
1 mol Cu,S" 1mol SO,

0.128 mol BCls x

= 14.0 g HCI

15.0 g Cu,S x = 0.09424 mol Cu,S

0.09424 mol Cu,S x =13.5 g Cu,0

0.09424 mol Cu,S x =6.04 g SO,

15.0 g Cu,S x = 0.09424 mol Cu,S

0.09424 mol Cu,S x =359gCu

0.09424 mol Cu,8S x

=6.04 g SO,
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d. CaCOs(s) + SiOx(s) — CaSiOs(s) + CO,(g)
molar masses: SiO;, 60.09 g; CaSiO;, 116.17 g; CO,, 44.01 g

1 mol SiO,
60.09 g SiO,
1 mol CaSiO, x 116.1‘7JgCaSiO3
1 mol CO, x 44.01 g CO,
1mol SiO, 1molCO,
27. GC3Hg(l) +50.(g) — 3COx(g) +4H,0(g)

molar mass H,O=18.02 g

4 mol H,0
1 mol C;H,

18.02 g H,0
1 mol H,0

28. 28(s)+30x(g) -> 2S0s(8)  SOs(g)+H0(!) - HaSO4()

15.0 g Si0, x =0.2496 mol Si0,

0.2496 mol 8i0; x =29.0 g CaSiO,

0.2496 mol 8i0, x

=11.0gCO;
3.11 mol C;Hg X =12.44 mol H;0

12.44 mol H,0 x =224 g H,0

since the second equation is expressed in terms of 1 mole of SO;. To do this, divide the first
equation by two: : :

8(s) + 7 0a(g) — S0s(g) SOs(g) + Hz0()) —> HzS04(7)

H,80;.
molar masses: S, 32.07 g; H,S04, 98.09 g

125g8 x LDOI8 _ 4 03808 mals | '

32.07gS
1 mol H,SO,
1molS
98.09 g H,SO,
1 mol H,SO,

0.03988 mol S x = 0,03988 mol H,SO,

0.03988 mol H,SO,4 x =3.82 g H,S0,
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f ~29. molar masses: C, 12.01 g; CO, 28.01 g; CO,, 44.01 g
i

1molC ’
1201 gC
carbon dioxide: C(s)+ Qa(g) ~> CO(g)

1 molCO, _ 1 4163 mol CO,
mol'C

44.01 g CO,
1mol CO,
carbon monoxide: 2C(s) + Oy(g) — 2CO(g)
2 mol CO '

"2molC
28.01 g CO
1 mol CO

30. 2NaHCOs(s) - NaCOs(s)+HyO(g) + COxfg)
molar masses: NaHCO;, 84.01 g; Na,COs, 106.0 g
1 mol NaHCO,
84.01 g NaHCO,
1 mo] Na,CO,
2 mol NaHCO,

lfﬁn;—?,fgx::é%? =0959 g NaiCOs'
31. 2Fe(s) +3Cl(g) — 2FeCly(s) |

millimolar masses: iron, 55.85 mg; FeCl,, l62.2 mg.

1 mimol Fe - i

| .15.5 mg Fe X ———————=0.2775 mmol Fe
il 55.85 mg Fe

5.00gCx =0.4163 mol C

0.4163 mol C x

0.4163 mol CO, x =183gCO,

0.4163 mol C x = 0.4163 mol CO

sk

0.4163 mol CO x =11.7gCO

1.52 g NaHCO; x =0.01809 mol NaHCO,

0.01809 mo! NaHCO, x = 0,009047 mol Na,CO;

£3 _I.\.E_il._‘-:...t‘dg..‘ e S J;Sﬂ'."'--‘

0.009047 mol Na,CO;

it b gt gy

| 0.2775 mmol Fe x 22O FECL _ 2775 mmol FeCly
; 2 mmol Fe

162.2 mg FeCl,

0:2775 mmol FeCl; x
1 mmol FeCl,

= 45.0 mg FeCl;
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CsH1206(ag) — 2C;H50H(ag) +2C04(g)
molar masses: CgH;,05, 180.2 g; C;HsOH, 46.07 g
% 1 mol C;H,,0,
- 1802g C.H,;0,
2 mol C,H,OH _
46.07 g C,H,OH _
" 1mol C,H.OH °
H2805(ag) —» H.0()) +S0x(g)
molar masses: H;S03, 82.09 g; SOy, 64.07 g
1 mol H,SO,
82.09 g H,SO,

1 mol SO,
1 mol H,SO,
64.07 g SO,
_ 1 mol SO,
NH,Cl(s) + NaOH(s) — NH;(g) + Na€l(s) + H20(g)
molar masses: NH,Cl, 53.49 g; NH3,17.03 g

1 mol NH,Cl
53.49 g NH,Cl1

5.25 g CsHy.06 = 0.02913 mol C¢H,,0,.

0.02913 mol C,H,,0, * 0.5826 mol C,H;OH

0.5286 mol C;H;OH x

2.68 g ethyl alcohol

4.25 g HyS0, %

= 0,05177 mol H,S0;
0.05177 mol H;S0; * = (.05177 mol SO,

005177 mol SO, x =3.32g80;

1.39 g NH,Cl1 x

= 0.02599 mol NH,Cl '

1 mol NH, :
002599 mol NH,Cl x — =55 _ 0,02599 miol NH
b 1 mol NH,CI =y

0.02599 mol NH; x 203 8NEL _ 443 o NH,

Py(s) + 504(g) —> 2P;04(3)
molar masses: P,, 123.88 g; O,,32.00 g

1 mol P,

——=4_—0,03996 mol P,
123.88 g P,

4.95g P,

Smol O,
mol P,

32.00g0,
1 mol O,

0.03996 mol P4 x = 0.1998 mol O,

0.1998 mol O, X =639g0;

Copyright @ Houghtan Miffiln Comparly. Al rights reserved.




e

188  Chapter 9: Chemical Quantities

36. 4HgS(s) + 4CaO(s) — 4Hg(l) + 3CaS(s) + CaSO04(s)
molar masses: HgS, 232.7 g Hg, 200.6 g; 10.0 kg =1.00 x 10* g
1 mol HgS
232.7 g HgS

4 mol Hg
4 mol HgS

1.00 x 10* g HgS x =42.97 mol Hg$S

42.97 mol HgS x =42.97 mol Hg

42.97 mol Hg x Zfi)n;—‘:ﬂg—Hih 8.62 x 10° g Hg = 8,62 kg Hg

37. 2NH/NO;(s) — 2Ny(g) + Ox(g) + 4H,0(g)
molar masses: NH,NO,, 80.05 g; N, 28.02 g; 0, 32.00 g; H,0, 18.02 g
1 mol NH,NO,
80.05 g NH,NO,

2 mol .N2
2 mol NH,NO,

0.0156 mol N, x S228N,
1 mol N,

1mol 0O,
2 mol NH,NO,
320080,
1mol O,

4 mol H,0
2 mol NH,NO,

18.02 g H,O
1 mol H,O
As a check, note that 0.437 g +0.250 g+ 0.562 g =1.249 g = 1.25 g.
38. CHz04(s) — 12C(s) + 11H,0(g)
molar masses: Cy,H»,0y, 342.3 g; C, 12.01
1 mol C,,H,,0,,
342.3 g C,H,,0,,

12mol C
1 mol C,,H,,0,,

1.25 g NHYNO; x = 0.0156 mol NH4NO;

0.0156 mol NE,NO; X =0.0156 mol N;
=0437g N,

0.0156 ol NH,NO; X = 0.00780 mol O,
0.00780 mol O x =0.250g 0,
0.0156 mol NH,NO; x = 0.0312 mol H,0

0.0312 mol H;O x =0.562 g H,O

1.19 g CquzOu X

=3.476 x 10° mol C,H,,0,,

3.476 x 10~ mol C;,H,,0,, * =0.04172 mol C

e

12.01gC

0.04172 mol C x =0.501gC
1molC
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39, SOClL())+H,0(]) - SO:(g)+ 2HCl(e)
. molar masses: SOCl, 119.0 g; H;0, 18.02 g.

1 mol SOCl,’ s
35.0 g SOCl, X ——o-29C"2_— 0,204 mol SOC
g2 100 g socy, :

1 mol H,0
1 mol SOCI,

18.02 g H,0
1 mol H,0
40, 2Mg(s) + Oq(g) — 2MgO(s)
molar masses: Mg, 24.31 g; Mg0, 4031 g

0.294 mol SOCI; x = 0.294 mol H,0

0.294 mol H,0 % =5.30gH,0

1molMg St
125gMgx — 20 ME _ 514 %102 mol M
88" 2%431gMg N

2 mol MgO _

5.14 x 102 mol Mg X
0™ mol Mg X = ol M

5.14 % 10 mol MgO

ot 4031 gMg0 . - '
; 1 =3 B - 207gM
5.14x 10 mo MgOx —= 78 MgO

41, Todetérminetheﬁmiﬁngreactant,ﬁ:stcalculatethenmnberofmoles of each.reactant present.
Then determine how these numbers of moles correspond to the stoichiometric ratio indicated by
the balanced chemical equation for the reaction. Specific answer depends on student response.

42, To determine the limiting reactant, first calculate the number of moles of each reactant present.
Then determine how these numbers of moles carrespond to the stoichiometric ratio indicated by
the balanced chemical equation for the reaction. - .

43. The theoretical yield of a reaction represents the stoichiometric amount of product that should
form if the limiting reactant for the process is completely consumed.

44. A reactant is present in excess if there is more of that reactant present than is needed to combine
with the limiting reactant for the process. By definition, the limiting reactant cannot be present in
excess. An excess of any reactant does not affect the theoretical yield for a process; the theoretical
yield is determined by the limiting reactant.
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45. , -

8. NaB4Os(s) + H;804(ag) + 5H,0()) — 4H;BOs(s) + Na;SO4(ag)
molar masses: Na;B40;, 201.2 g; H;S0,, 98.09 g; H;0, 18.02 g

ﬂi . 1 mol '

| : 5.00 g Na,B,O; x = 0.0249 mol Na;B,0
g Nay 4_,7 2012¢g mol NaxbaUy
1 mol
5.00 g H,SO, x =0.,0510 mol H,SO
BAoS X 9809 g 2
]
1 mol .
5.00 g H,0 x = 0,277 mol H;0
BH0X foag 0277 molHy
Na;B;0; is the limiting reactant.

mol H,SO, remaining unreacted = 00510 — 0.0249 = 0,0261 mol _
mol H,0 remaining unreacted = 0.277 — 5(0.0249) = 0.153 mol .
' 98.09 g

' mass of H,SO, remaining = 0.0261 mol x T = 256 g HaSO,
mass of HzO remaining = 0,153 mol X lffi £=276 10

b, CaCys) + 2H,0()) — Ca(OH)(s) + CHa(g)
molar masses: CaC,, 64.1_0 g H)0, 18.02 g

1 mol
64.10 g

5.00 g CaC, x = 0.0780 mol CaC,

: " 1 mol
5.00 g H,O X — =0.277 mol H,O
S T

: CaC, is the limiting reactant, water.is present in excess.
’ ! mo] of H,O remaining = 0.277 - 2(b.0780) =(.121 mol H;O

mass of H,O remaining = 0.121 mol x ie02g
1 mol

=2.18 g 0 ]

c. 2NaCl(s) + H,SO4(/) — 2HCl(g) + Na;SOx4(s)
molar masses: NaCl, 58.44 g; H;50,, 98.09 g

1 mol

5.00 g NaCl x = 0,0856 mol NaCl
5844 ¢
1. mol
5.00 g H,804 X =0.0510 mol H,SO
| g Ha25Uy 98.09 20Uy
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NaCl is the limiting reactant; H,SO; is present in excess.

mol H,SO, that reacts = 0.5(0.0856) = 0.0428 mol H,SO4

mol H,80, remaining = 0.0510 — 0.0428 = 0.0082 mol
sB09g _

‘mass of SO, remaining = 0.0082 mol x ——==0.80 g H,S0,

8i04(s) + 2C(s) — Si(}) +2C0(g)
molar masses: Si0,, 60.09 g; C, 12.01 g

1 mol
60.09 g

5.00 g Si0; = 0.0832 mol Si0;

1 mol
1201 g
Si0, is the limiting reactant; Cis present'in excess.
mol C remaining = 0.416 — 2(0.0832) = 0.250 mol

mass of C remaining = 0.250 mol X 1201 g
: - 1 mol

500gCx = 0416 ol C

=3.00gC

() + 2H;SO04(ag) —> 350,(8) + ZELO()

Molar masses: S, 32.07 g; H,SO, 98.09 g; SO, 64.07 g; H,0, 18.02 g

500gS x 1mol _ 1559 mol§

2.07¢g

1 mol
98.09g
According to the balanced chemical equation, we would need twice as much sulfuric acid as
sulffir for complete reaction of both reactants. We clearly have much less sulfuric acid
present than sulfur; sulfuric acid is the limiting reactant. The calculation of the masses of
products produced is based on the number of moles of the sulfuric acid.

3 mol SO, i 64.07 g SO,
2 mol H,SO, 1 mol SO,

2mol H,0 o 18.02g H,0
2mol H,SO, 1molH,0

=0.05097 mol H,SO,

0.05097 mol H,80, X =4.90 g SO,

0.05097 mol H,SO, X

=0918 g H,0
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b.  MnOs(s) + 2H;SO4(ag) — Mn(SOy), +2H;0() |
molar masges: MnO,, 86.94 g; H,SO, 98.09 g; Mn(SO4),, 247.1 g; H10, 18.02 g

1 mol
B6.94 g

5.00 g MnO, X =0.05751 mol MnO,

1 mol
5.00 g HSO, X = 0.05097 mol H>SO.
g 25U, 98.09 g - mol H1adU,

According to the balanced chemical equation, we would need twice as nch sulfuric acid as

manganese(IV) oxide for complete reaction of both reactants. We do not have this much

sulfuric acid, so sulfuric acid must be the limiting reactant. The amount of each product

produced will be based on the sulfuric acid reacting completely.

1 mol Mn(S0,), . 247.1g Mn(S0,),
2 mol H,80, 1 mol Mn(80,),

2molH,0 18.02gH,0
1 2mol H,S0, 1molH,0
| | e, 2HpS(g) +30,(g) — 280;(g) + 2H0()
' - Molar masses: HS, 34.09 g; O,, 32.00 g; SO,, 64.07 g; H,0, 18.02 g

1 mol
it 5. S X
by s 008 S x o g

0.05097 mol H,80,4 x

= 6.30 g Mn(SO,),

0.05097 mol H,S0, X

=0918 g H,0

=().1467 mol H,S

1 mol
3200g

| ~ According to the balanced equation, we would need 1.5 times as much O, as H;S for
' ‘ _ complete reaction of both reactants. We don’t have that much Oy, so O, must bg the limiting A
reactant that will control the masses of each product produced, E |
2 mol 8O, x 64.07 g SO,
3molO, 1molSO,

2molH,0 18.02gH,0
3molO, 1 molH,0

d. 3AgNOs(aq) + Al(s) — 3Ag(s) + Al(NOs)s(aq)
Molar masses: AgNOs, 169.9 g; Al, 26.98 g; Ag, 107.9 g; AI(NOs);, 213.0 g

1 mol
5.00 g AgNO; x
g AgNOs 9.9

5 169.
i g
!

5.00 g Al x -2°L — 0,1853 mol Al
2698 g

0

5.00 g0, % =0.1563 mol O,

0.1563 mol O, x

=6.67 g 80,

0.1563 mol O, X

=1.88 g H,0

= 0.02943 mol AgNO;
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According to the balanced chemical equation, we would need three moles of AgNO; for
every mole of Al for complete reaction of both reactants. We in fact have fewer moles of
AgNO; than aluminum, so AgNO; must be the limiting reactant. The amount of product
produced is calculated fitom the number of moles of the limiting reactant present:

p 3molAg 1079gAg _
0.02943 mol A g8 1079848 _3185A
12943 ol AgNOs X S T AGNG, ™ 1ol g~ 84S

1 mol AINO,), . 213.0 g AI(NO,).
.02943 mol X 33.x = 34.=2.09

_: 0.02343 mol AgNOs X~ ol ASNO, ™ 1 mol AI(NO), 8
t - 47, Before any calculations are attempted, the equations must be balanced,
- 8. CiHy(g) +504(g) — 3CO4(g) +4H0(g)
i molar masses: C3Hg, 44.09 g; O,, 32.00 g; CO,, 44.01 g; H,0, 18.02 g
1 mol
44.09g

1 mol
3200 g
For 0.2268 mol C3Hg, the amount of O, that would be needed is

5 mol 0;
1 mol C,H,
Because we do not have this amount of O, then O, is the limiting reactant.

: 3molCO, 4401gCO, ...
0.3125 mol O, x 2y 200 2-825gC
O Ol Gl » o B

4molH,0 18.02gH,0.
X =451 0 -
5molQ, . 1molH,0 gH
b.  2AlI(s) +3Cl{g) - 2AICk(s)
molar masses: Al, 26.98 g; Cl,, 70.90 g; AICl;, 1333 g

10.0 g Alx mol _ 3706 mol Al
2698 g

10.0 g C3Hg % =0.2268 mol C3Hs

10.0 g O, x =(.3125 mol O,

0.2268 mol C3Hjg x =1.134 mol O,

0.3125 mol O; x

1 mol
7090 g

For 0,1410 mol Cly(g), the amount of Al(s) required is

2 mol Al
3mol Cl,

10.0 g Cl; x =0.1410 mol Cl,

0.1410 mol Cl; x = 0.09400 mel Al
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We have far more than this amount of Al(s) present, so Cly(g) must be the limiting reactant
that will control the amount of AlCl; that forms.

2 mol AICI, L, 133.3 g AIC],
3molCl, 1molAIClL

c. 2NaOH(s) + CO,(g) — Na,COx(s) + HO(/)
molar masses: NaOH, 40.00 g; CO,, 44.01 g; Na,COs3, 106.0 g; H,0, 18.02 g

0.1410 mol Cl; x

=12.5 g AICl;

10.0 g NaOH x — mol _ 4 2500 mol NaOH
40.00 g

10.0 g COp x 29
44.01

Lig

= (0.2272 mol CO;

Without having to calculate, according to the balanced chemical equation we would need
twice as many moles of NaOH as CO, for complete reaction. For the amounts calculated
above, there is not nearly enough NaOH present for the amount of Cl, used; NaOH is the

limiting reactant.

0.2500 mol NaOH x 101 N8;:C0, 10608 Na,CO; _ 15 53 ;g 000,
2molNaOH 1 mol Na,CO,

0.2500 mol NaOH x -20LH0 1802810 _, o5, o

2molNaOH 1 molH,0
d. NaHCOs(s) + HCl(ag) — NaCl(ag) + H;O(/) + CO:(g)
molar masses: NaHCO;, 84.01 g; HCI, 36.46 g; NaCl, 58.44 g; H,0, 18.02 g; CO,,44.01 g

10.0 g NaHCOs x —2L_ 01190 mol NaHCO;
84.01 g

100 g HCl x 2291 _ 02742 mol HCI
3646 g

Because the coefficients of NaHCOj(s) and HCl(ag) are both one in the balanced chemical
equation for the reaction, there is not enough NaHCO; present to react with the amount of
HCI present: the 0.1190 mol NaHCO; present is the limiting reactant. Because all the
coefficients of the products are also each one, then if 0.1190 mol NaHCO; reacts completely
(with 0.1190 mol HCI), 0.1190 mol of each product will form.

0.1190 mol NaCl x 2248
1 mol

=6.95 g NaCl

0.1190 mol H;0 X 1:3.021g =2.14 g H,0

mo

0.1190 mol CO; x: 414'01 1g =524 CO,

mo
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CSy()) + 305(g) = CO4(g) +250:(g)

. Molar masses: CS,, 76:15 g; O, 32.00 g; COy, 44.01 g

: m‘g = 001313 mol CS;

1 mol
3200g

1.00 g 0, % =0.03125 mol O,

+ From fhe balanced chemical equation, we would need three times as much oxygen as carbon

disulfide for complete reaction of both reactants. We do not have this much oxygen, and so
oxyganmustbethehnnhngreactant

1molCO,>(4401gC02
3mol0, 1molCO,

2NH;(g) + COx(g) — CN2H,O(s) + H:0())

0.03125 mol O, x =0458 g CO,

Molar masses: NHs, 17.03 g; COy, 44.01 g;Hzo 18.02¢g

1 mo]

" 1.00 g NH - =0.05872 mol NH;
5 17.03g - _
1 mol -
=0.02272
1.00g cozx440l 0.02272 mol CO;

The balanced chemical equation tells us that we would need twice as many moles of
ammonia as carbon dioxide for complete reaction of both reactants, We have more than this
amountofammomapresent, sothereactxonmllbeMdbytheamountofcarbon dioxide

present.

1 molH,OXIS 02gH,0
molCO, 1molH,0

Ha(g) + MnOa(s) — MnO(s) +H,0())

Molar masses: H, 2.016 g; MnO, 86.94 g; H;0, 18.02 5

1 mol
2.016 g

0.02272 mol CO, X =0.409 g H,O

1.00 g H, % = 0.496 mol H,
1 mol

1.00 g MO, X
- 8694 g

=0.0115 mol MnO,

Because the coefficients of botﬁ reactants in the balanced chemical equation are the same,
we would need equal amounts of both reactants for complete reaction, Therefore
manganese(TV) oxide must be the limiting reactant and controls the amount of product
obtained.

1 mol H,0 >(1802gH20

0.0115 mol MnO; x
1 molMnO, 1molH,0

0.207 g H,0
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d. Is)+ Cly(g) — 2ICl(g)
Molar masses: I, 253.8 g; Cl,, 70.90 g; ICl, 162.35 g

1 mol
1.00g 1, x
T

=0.00394 mol I,

1 mol

1.00 g Cl, X = 0.0141 mol Cl
B2 090 g -

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

2 mol IC] v 162.35 g ICl

0.00394 mol I, x
1 moll, 1 mol IC]

=128gICl

a. UOy(s) +4HF(ag) — UF4(ag) + 2H,0())
UO; is the limiting reactant; 1.16 g UF4, 0.133 g H,0 - .
b.  (aq) + H,SO4(ag) — Na;SO4(dg) + 2HNOs(ag) '
NaNO; is the limiting reactant; 0.836 g Na;SO,; 0.741 g HNO;
c. Zn(s) + 2HCl(aq) — ZnCly(ag) + Hx(g)
HCl is the limiting reactant; 1.87 g ZnCl,; 0.0276 g H,
d. B(OH)s(s) + 3CH;0H(/) — B(OCHs)s(s) + 3H20(/)
CH;OH is the limiting reactant; 1.08 g B(OCHaj);; 0.562 g H,O

a. CO(g)+2H,(g) — CH3;0H()

CO is the limiting reactant; 11.4 mg CH;0H
b.  2Al(s) + 3Ix(s) — 2All5(s)

I, is the limiting reactant; 10.7 mg All,
c. Ca(OH);(agq) + 2HBr(ag) — CaBry(ag) + 2H,0()

HBr is the limiting reactant; 12.4 mg CaBr,; 2.23 mg H,O
d. 2Cr(s) + 2H3PO4(aq) — 2CrPO4(s) + 3Hx(g)

H;PO, is the limiting reactant; 15.0 mg CrPOy; 0.309 mg H,
2K1(aq) + Pb(NOs),(ag) — 2KNOs(ag) + Pbl(s)
molar masses: KI, 166.0 g; Pb(NO;),, 331.2 g; Pbl, 334.1 g

1 mol

125 g KI x === 0.007530 mol KI
g

2.42 g Pb(NOs), x =291 — 0007306 mol
3312g
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K1 is the limiting reactant that determines the yield of product.
lmoleI 334.1 ngI-126ngI
lKI 1 mol Pbl

2NHs(g) + COAg) — CN2H40(s) + HzO(l)

“ molar masses: NI—I;, 17.03 g; CO;, 44.01 g; CN2H40, 60.06 g

et = 5,872 mol NH;

100. g NH; X
Bt l703g

1 mol
100. g CO, % =2.272 mol €O
8C0O: X ol s :

CO, is the limiting reactant that determines the yield of product.
1 mol CN,H,0 x 60.06 g CN,H,0

1molCO,  1molCN,HO
PbO(s) + C(s) — Pb(?) +CO(g) '
molar masses: P60, 2232 g; C, 12.01 5; Pb, 20723

= 136 g CNoH,O

2.272 mol CO, X

1 mol

50.0 x 10° g PbO X —224.0mole0
et 22328

1 mol
1201 g
PbO is the limiting reactant.

so.Oxlo’ng

'=4163_ mol C

; ~.. 1molPb 207.2ng A
. Pb 0 k Pb
2240mol Ox oy x1 e 464x1 g= 464 g

4Fels) + 30:(8) — ZFe:0sle)
Molar masses: Fe, 55.85 g; Fe;0s,159.7 g

1.25 gFex ;;;:lg = 0.0224 mol Fe present

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

0.0224 mol Fe x 22192 _ 0168 mol 0,
(<]

4mol F
Because we have more O, than this, Fe must be the limiting reactant.
2 mol Fe,0, < 159.7 g Fe,O '

0.0224 mol Fe x
4 mol Fe 1 mol Fe,0,

3 =1.79 gFe;0;
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55. Ca*(ag)+ Na,C;04(ag) — CaC;04(s) + 2Na'(aq)
molar masses: Ca®', 40.08 g; Na,C,0;, 134.0 g

1 mol

——  =0.37 mol Ca**
40.08 g

15 g Ca** x

15 g NasCyO4 X — !
134.0

= (.11 mol N32C304

As the balanced chemical equation tells us that one oxalate ion is needed to precipitate each
calcium ion, from the number of moles calculated to be present it should be clear that not nearly
enough sodium oxalate ion has been added to precipitate all the calcium ion in the sample.

56. 2CuSO4(aq) + 5Kl(ag) — 2Cul(s) + Kls(aq) + 2K,S04(aq)
molar masses: CuSO,, 159.6 g; K1, 166.0 g; Cul, 190.5 g; KI5, 419.8 g; K,S0,, 1743 g

1 mol

=3.29 x 10~ mol CuSO,
159.6 g

0.525 g CuSO, X

2,00 g K1 x 22— 0,0120 mol KI
166.0 g

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

2 =8.23x 107 mol KI
2 mol CuSO,

3.29 x 10~ mol CuSO; x

As we have more KI present than the amount required to react with the CuSO, present, CuSO,
must be the limiting reactant that will control the amount of products produced.
2 mol Cul " 190.5 g Cul

3.29 x 10~ mol CuSO, X
2 mol CuSO, 1 mol Cul

=0.627 g Cul

1molKl, 419.8gKI,

3.29 x 1072 mol CuSO, x
2 mol CuSO, 1molKl,

=0.691 gKI,

2mol K80, 174.3gK,S0,

3.29 x 10~ mol CuSO, X
2 mol CuSO, 1 mol K,SO,

=0.573 g KzSO4

57. BaOs(s) + 2HCl(aq) — H,04(ag) + BaClx(ag)
molar masses: Ba0O,, 169.3 g; HCl, 36.46 g; H,0,, 34.02 g

1.50 g BaO, X — mol _ ¢ 860 %10 mol BaO>
1693 g

0.0272 g HCI
1 mL solution

25.0 mL solution X =0.680 g HCI

1 mol

0.680 g HCI x = 1.865 x 107> mol HCI
36.46 g
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59.

60.

61.

62.
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BaO, is the limiting reactant,

1mol K,0, _ 34.02 g H,0,

1 mol BaO2 1molH,O,

Si0y(s) + 3C(s) = 2CO(g) + SiC(s) !

molar masses; SiO;, 60.09 g; SiC, 40.10 g; 1.0kg =1.0x 10°g
1 mol '

60.09 g

From the balanced chemical equation, if 16.64 mol of SiO, were to react completely (an excess of
carbon is present), then 16.64 mol of SxC should be produced (the coefﬁclents of 8i0, and SiC are
the same).

=0.301 g H,0,

1.0 % 10° g Si0; %

= 16.64 mol Si0,

16.64 mol SiC x

40018 _ 6.7 107 g SiC = 0.67 kg SiC

. Ino] +
The theoretical yield represents the yield we calculate from the stoichiometry of the reaction and
the masses of reactants taken for the experiment. The actual yield is what is actually obtained in

an experiment. The percent yield is the ratio of what is acmallyobtamcdtothetheorehcalamount
that could be obtained, converted to a percent basis.

If the reaction is performed in a solvent, the product may have substantial solubility in the solvent
and the reaction may come to equilibrium before the full yield of product is achieved (See Chapter
17.). Loss of product may occur through operator error.

actual yield 123g
Percent yield = x 100= xlOO 85 4‘V
TR theorencal yield 44 -
2HgO(S) — 2Hg()) + Ox(g) _
molar masses: HgO, 216.6 g; Hg, 200.6 g “pt ; v
125 gHgO x LETE]

= 0.005771 mol HgO
2166 ¢

0.005771 mol HgO x —> m‘;llfggo x 210‘;213 }Eg 1.16 g (thearetical yield)

1.09 g actual
1.16 g theoretical _
Sg(s) + 8Na;S05(ag) + 40H,0()) — 8Na,S,0,=5H,0
molar masses: Sg, 256.6 g; Na,SO;, 126.1 g; Na,S,0:=5H,0, 2482 g

1 mol
325 g Sg X =0.01267 inol 8
B 35668 et

% yield =

x 100 = 94.0% of theory

13.1 g NagSOs x 21— 0.1039 mol Na,S05
126.1g

Sg is the limiting reactant.
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8 mol Na,S,0,5H,0
1 mol §;

0.01267 mol 83 x = (.1014 mol Na;S,0;-5H,0

248.2 g Na,S,0,5H,0
1 mol Na,S,0,5H,0

actualyield ..o 526g
thearetical yield 252¢

0.1014 mol Na,8,05 = 5H,0 x

=252 g Na;SzOySHzO

Percent yield = x 100 = 20.9%

.. 2LiIOH(s) + CO2(g) — Li;CO4(s) + HyO(g)

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

65.

66.

1 mol LiOH ) mol CO, *44.01 gCo
2395gLiOH 2molLiOH 1 mol CO,

As the cartridge has only absorbed 102gCOz out of a tota! capacity of 142 g CO,, the cartridge
has absorbed

155 g LiOH x

2= 142 g CO,

1028 » 100="71.8% of its capacity.
2g
Xe(g) + ZFz(g) — XeFq(s)
molar masses: Xe, 131.3 g; Fy, 38.00 g; XeFs, 2073 g.
1 mol
130. g Xe x =0.9901 mol X
EAoX B3¢ e
1 mol
100, g F, X =2.632 mol F.
BFeX o0y ~0o2malF,
Xe is the limiting reactant. ,
0.9901 mol Xe x ~TO1XeFy , 2073 g XeFy _ o5 o XeF,
ImolXe 1 molXeF,
. actual yield 145¢
Percent yield = x 100 = x 100 = 70.7 % of theo
e I eoretical yicld 205 g St
Ba*'(ag) + 504> (ag) — BaSO4(s)

molar masses: SO;> , 96.07 g; BaCl,, 208.2 g; BaSQ,, 2334 g

Lmol _ 01166 mol SO
07g

1.12 g BOZ x

5.02 g BaCl, x —-29!
2082 ¢

SO, is the limiting reactant.

= (.02411 mol BaCl, = 0.02411 mol Ba*
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67.

68.

69.
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1 mol BaSO, y 233.4 g BaSO,

0.01166 mol SO4~ X
I 1 mol SO,>* 1 mol BaSO,

= 2.72 g BaSO,

actual yield - 100 = 202g

— x 100 = 74.3%
theoretical yield 272g

Percent yield =

Ca_(HCO;)z(aq) — CaCOs(s) + CO,(g) + H.0())

| millimglar masses: Ca(HCO:);, 162.1 mg; CaCOs, 100.1 mg

2.0 x 107 mg Ca(HCO;); X mmol _, 93 10 mmol Ca(HCOs),
: 162.1 mg

1 mmol CaCO,
1 mmol Ca(HCO,),

1.23 x 10~> mmol Ca(HCOs); X = 1.23 x 10~° mmol CaCO;

1.23 x 107> mmol x 100.1mg _ ;5103 mg=1.2x% 10" g CaCO;s
1 mmol

NaCl(ag) + NHj(ag) + HyO(/) + COq(s) — NH,Cl(ag) + NaHCOs(s)
molar masses: NHs, 17.03 g; CO,, 44.01 g; NaHCOs, 84.01 g

10.0 g NH; X 1 mol
17.03 g

= (0.5872 mol NH;

15.0 g COx 29
4401 g
CO; is the limiting reactant.

1 mol NaHCO,
1 mol CO,

= 0.3408 mol CO,

0.3408 mol CO; X = 0.3408 mol NaHCOs

0.3408 mol NaHCO; x

814'01 1g =28.6 g NaHCO;
0

Fe(s) + S(s) — FeS(s)
molar masses: Fe, 55.85 g; S, 32.07 g; FeS, 87.92 g

5.25 g Fe x =291 0,0940 mol Fe
5585g

127g5x 2L _ 0396 mol 8
3207g

Fe is the limiting reactant.

1 mol FeS ¥ 87.92 g FeS
1 molFe 1 mol FeS

0.0940 mol Fe %

= 8.26 g FeS produced
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i 70. . CeHnO4fs) + 60:(g) — 6CO4(2) + 6H:0(g)

| : molar masses: glucose, 180.2 g; CO,, 44.01 g
f 1.00 g glucose x = 5.549 x 10~ mol glucose

I

i ’ 6 mol CO

| 5.549 x 107 mol X ——2

p : oL Koo 1 mol glucose

fell- .
| 3.33 % 102 mol CO, x 44’!?]:, 2=147gCO,

=3.33 x 102 mol CO,

_l’ 71. Cu(s) + 8(s) — CuS(s) |
‘ molar masses: Cu, 63.55 g; S, 32.07 g; CuS, 95.62 g

|| 318 ¢ Cax 2 0.5004 mol Cu
B a5y

i 5% 100 _ 1,550 mol §
|

50.0 g § %
5 3207g

Cu is the limiting reactant.

1 mol CuS : :
e 1CuS _.
o= 0.5004 mol Cu . !

{ 0.5004 mol Cu x
i y 0562g . | 4

0.5004 mol CuS X =47.8 g CuS A
1 mol

i : . 400¢g ¥
% yield = ——= % 100 =83.79
i Ve T8 =
72. Ba*(ag) + B804 (ag) —> BaSO4(s)

millimolar ionic masses: Ba®*, 137.3 mg; S047, 96.07 mg; BaCl,, 208.2 mg

150 mg SOZ x 220! _ | 56 millimol S0
96.07mg -

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

1.56 millimol BaCl, X 31"—:1%‘1= 325 milligrams BaCl, needed
i 0.
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_1038C0 __ 1086 gcr
100.0 g sample

molar masses: CI", 35.45 g; AgNOs, 169.9 g; Ag€l, 1434 g

mass of CI” present = 1,054 g sample %

1 mol

0.1086 g CI" % =3,063 % 10 mol CI"
& 45g :
3,063 x 10 mol CI" x M =3.063 x 10° mol AgNO;
: . 1mol CI™
3.063 x 10 mol AgNO; X —£ = 0.520 g AgNO, required
3,063 x 10 mol €T x 22! Ag(_n =3.063%10° mol AgCl ~ °
TmolCl
1434g -
3.063 x 10 mol AgCl x T 0.439 g AgCl produced

8. UOx(s)+4HF(aq) - UF(aq) + 2H,0())

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

b.  2NaC;H;0:(ag) + H;S04(ag) —> Na,SO4(aq) + 2HCH30x(ag)

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

o. Mg(s) +2HCl(ag) — MgClyag) + Hylg)

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

d. BpOs(s) + 3H,0(/) — 2B(OH)s(ag)

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

False. For 0.40 mol of Mg(OH)z to react, 0.80 mol of HC1 will be nieeded. According to the
balanced equation, for a given amount of Mg(OH),, twice as many moles of HCl is needed.

For 02: in_“)l& For COZ: M_ For Hzo: M
1 mol C,H, . 1 mol C,H, 1 mol C,H,
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2H,0,(/) = 2H;0()) + Oz(g)

2mol H,0

0.50 mol HgOg X
2 mol H,0,

= 0.50 mol H,O

1 mol O,
2 mol H,0,
2KCl0s(s) — 2KCI(s) + 30a(g)

0.50 mol KCIO; x —2MOLKEL _ 4 50 mol kCi

2 mol KCIO,

0.50 mol H,0O, % = (.25 mol O,

3mol O,
2 mol KCIO,
2Al(s) + 6HCl(ag) — 2AIClx(aq) + 3Ha(g)
2 mol AICI,
2 mol Al

0.50 mol Al x 2P Ha _ 6 95 ol H,

2 mol Al
C3Hg(g) + SOQ(g) - 3C02(g) oty 4H20([)

3 mol CO,
1 mol C,H,

0.50 mol KCIO: x = 0.75 mol O

0.50 mol Al x = 0.50 mol AICl,

0.50 mol C3Hg X = 1.5 mol CO:

4 mol H,0

0.50 mol C3Hg X
1 mol C,;H,

= 2.0 mol H,O

NHa(g) + HCli(g) — NH,Cl(s)
molar mass of NH;=17.01 g

1.00 g NH; x —2°L _ 0,0588 mol NH;
17.01 g

1 mol NH,CI

0.0588 mol NH; x
1 mol NH,

= (0.0588 mol NH,Cl

CaO(s) + COx(g) —» CaCOs(s)
molar mass Ca0 =56.08 g

1.00 g Ca0 x -1
56.08 g

1 mol CaCO,
1 mol CaO

=0.0178 mol CaO

0.0178 mol CaO x = (0.0178 mol CaCOs
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ANal) + Oslg) ~» 2Na0()

molar mass Na =22.99 g

' 1 mol e
1.00 g Na X =0.0435 mol Na-
ENA% 2o E

2 mol Na,O
4 mol Na

2P(s) + 3Cly(g) — 2PCls())
molar mass P =30.97 g

0.0435 mol Na X =0,0217 mol Na,O

1 mol

=0.0323 mol P
3097 g

1.00gP %

0.0323 mol P x 229 PCL _ 0323 mol PCl,
2molP

‘molar mass CuSO;=159.6 g

1 mol
1596 g

molar mass Ba(NOs), =261.3 g

1 mol
2613g

molar mass water = 18.02 g; 1.24 mg=0.00124 g.

421 g CuSO, x = 0.0264 mol CuSO;

7.94 g Ba(NOs); X

= 0.0304 mol Ba(NO),

0,00124 g X = 6.88 x 107° mol H,0
PS8 102 g i

molar mass W =1839¢g

1 mol
1839¢g

molar mass S = 32.07 g; 1.45 1b=1.45(454) =658 g

1 mol
32.07g

molar mass C;Hs;OH =46.07 g

9.79 g W X =5.32x 102 mol W

658 g S x =20.5mol S

1 mol
4.65 H:OH X
g CH; 260

07 g
molar mass C=12.01 g

1201 gCx 22 _ 1 00 mol C
1201 g

=0.101 mol C,H;OH

Copyright © Houghton Miffiin Company. All rights reserved.
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a. molar mass HNO;=63.0g

63.0g
1 mol

5.0 mol HNO; x =32 x 10’ g HNO;

b. molar mass Hg=200.6 g
2006 g
1 mol

c. molar mass K,CrO,=194.2 g
1942 ¢
1 mol

d. molar mass AlICl;=1333g

13338 _ 1 40x10° g AICl;
1 mol

0.000305 mol Hg x =0.0612 g Hg

2.31 x 10™° mol K,CrO, x =4.49 x 10~ g K,CrO,4

10.5 mol AICl; x

e. molar mass SFg=146.1 g

4.9 % 10° mol SFx 2018 _ 75 4 10° g SF;
1 mol
f. molarmass NH;=17.01g
125 mol NH; x 018 _ 5 13 10° g NH,
1 mol

g. molar mass Na,O,=7798 g

0.01205 mol NayO, x 288
1 mol

=0.9397 g Na:o;

Before any calculations are done, the equations must be balanced.
a. BaCl(aq) + H,SO4(ag) — BaSO4(s) + 2HCl(aq)

1 mol H,SO,

0.145 mol BaCl, x
1 mol BaCl,

=0.145 mol HzSO4

b. AgNO;(aq) + NaCl(ag) — AgCl(s) + NaNO;(aq)

0.145 mol AgNO; x —-ZANACL _ 145 mol Nacl

1 mol AgNO,

c. Pb(NOs)y(ag) + Na;COs(ag) — PbCOs(s) + 2NaNOs(aq)

1 mol Na,CO,

0.145 mol Pb(NOs), x
(N0 % T TN,

=0.145 mol Na,CO;

d. C3H3(g) +50,(g) - 3COx(g) + 4H20(g)

5mol O,

0.145 mol C3Hg X ——————
1 mol C,H,

=(0.725 mol O
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250,(g) + Ox(g) — 280s(2)
molar masses: SOz, 64.07 g; SO;, 80.07 g; 150 kg = 1.5 X 10°g

15x105g802x il —'234x10’molSOz

640

2 mol SO,
2 mol SO,

‘ . 80.07g
234 x1031‘IlQl_303X s

234 10 ] 300 =234x103m018b3

=1.9x%10° g 803 =1.9 % 10° kg SO,

27Z0S(s) + 304(g) —> 2Zn0(s) + 2S0x(g)

‘molar masses: ZnS, 97.45 g; SO, 64.07 g; 1.0x 10°kg=1.0%x10°g

1mol _ 1026 10° mol Zn$
97458

2 mol SO,
2 mol ZnS

64.07 g
1 mol

2N8,0,(s) + 2H,0()) -> 4NaOH(a) + Ox(g)

1.0% 10° g ZnS %

1.026 x 103 mol ZnS X =1.026 % 10° mol SO,

1026x10’molSOzx =6.6x10‘gSO;=66kgSOz

_ molar masses: Na,0,, 77.98 g; 05, 32.00 g

3.25 g Nez0; X 1mol _ o 0417 mol NaO;
7 98 g sl

1 mol O,

= ().0209 mol
mol Ne, 0, mol O

0.0417 mol Na,O, x

3200g _

0.0209 mol Oz X =0. 669 0,
1 mol

Cu(s) + 2AgNOs(ag) — Cu(NOs):(aq) + 2Ag(s)
millimolar masses: Cu, 63.55 mg; AgNO3, 169.9 mg

1mmol _ , 61148 mmol AgNO,
g

1.95 mg AgNO; X — 201
mg AgNOs X T oo

001148 mmol AgNO, x — -0l Cu

2 mmol AgNO,

0.005740 mmol Cu x 613'55 g

= (.005740 mmol Cu

=0.365 mg Cu
mo
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86, Zn(s)+2HCl(ag) — ZnCly(ag) + Ha(g)

87.

88.

molar masses: Zn, 65.38 g; H,, 2.016 g

1mol _ ;03824 mol Zn
38g

1 mol H,

0.03824 mol Zn X = 0.03824 mol H,
1 mol Zn

0.03824 mol Hy x 22168
1 mol

=0.,0771 g H»

2C,Hy(g) + 50,(g) — 4COx(g) +2H,0(g)
molar masses: C;H, 26.04 g; 0,,32.00 g; 150 g=15x 10" g

o 11‘[101
1.5 % 10% g CoHa X ~ 5.760 mol C;H
Ehat % 604 g i

»

5.760 mol CoHy x —202 _ 14 40 mol O,
2mol C,H,
14.40 mol Oy x “2908 _ 4 6x 102 g 0
1 mol

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

5.0gNax — mol _ ;2175 mol Na
2299 g

5.0gBry X — mol _ 4 13129 mol Br,
1598 g

Intuitively, we would suspect that Brs is the limiting reactant because there is much less Br;
than Na on a mole basis. To prove that Br, is the limiting reactant, the following calculation

is needed:
0.03129 mol Br, x 2N8 _ 4 06258 mol Na.

1 mol Br,
Clearly there is more Na than this present, so Br, limits the reaction extent and the amount
of NaBr formed.
0.03129 mol Br, x 2-20IN8Br _ 4 06258 mol NaBr

1 mol Br,
0.06258 mol NaBr x 12228 _ 6 4 ¢ NaBr
1 mol
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b.  Zn(s)+ CuSO(agq) — ZnSO4(ag) + Cu(s)
molar masses: Zn, 65.38 g; Cu, 63.55 g; ZnSO4, 161.5 g; CuSO,, 159.6 8

1mol _;

50gZnx =0.07648 mol Zn
AT T

1 mol
1596 g
As the coefficients of Zn and CuSO, are the same in the balanced chemical equation, an

equal number of moles of Zn and CuSO, would be needed for complete reaction. There is
less CuSO; present, so CuSO, must be the limiting reactant.

5.0 g CuS0, X = 0,03132 mol CuSO4

147 0.03132 mol CuSO, x ~22 2880, _ 43132 mol ZnSO,
1 mol CasO,

161.5g

0.03132 mol ZnSO;4 X =5,1 g ZnSO,
, 1 mol

. - - " 1m0l Cu
03132 mol CuSO, X ——
- E *” 1 mol CuSO,

=(.03132 mol Cu

0.03132 mol Cux 32258220 Cu
& 1 mol
c. NH.Cl(aq) + NaOH(ag) — NHa(g) + H,O(!) + NaCl(aq)

molar masses: NH,Cl, 53.49 g; NaOH, 40.00 g; NH;, 17.03 g; H,0, 18.02 g; NaCl, 5844

5.0 g NH,Cl x

1 mol
= 0.09348 mol NH,C
YT T

1 mol
40.00 g

As the coefficients of NH;Cl and NaOH are both one in the balanced chemical equation fot
the reaction, an equal number of moles of NH,C1 and NaOH would be needed for complete
reaction. There is less NH4C] present, so NH,C| must be the limiting reactant.

As the ‘coefficients of the products in the balanced chemical equation are alse all one, if
0.09348 mol of NH,CI (the limiting reactant) reacts completely, then 0.09348 mol of each
product will be formed.

0.09348 mol NH x L2028 _ | 6 g NH,.
1 mol

| 5.0 g NaOH x = 0.1250 mol NaOH

0.09348 mol H,0 x -5928 _ 1 75 H,0
. 1 mol

0.09348 mol NaCl x 25448 _ 5 5 5 NaCl
1 mol
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d.  Fe;0x(s)+3CO(g) - 2Fe(s) + 3CO(z)
molar masses: 'Fez03, 159.7 g CO, 2801 g; Fe, 55.85 g5 CO,, 44.01
mol

50 gFe;¢03x =0,03131 mol Fe,0;
159.7 g
1 mol
0 gCOX = 0.1785 mol CO
X iy - s
BecausetlmrexsconndemblylessFezogthanCOonamolebam, let’s see if Fe;0O3 nsthe
limiting reactant.
| 0.03131 mol Fe,05 x -32'19-0—=o.09393 mol CO 3
{ ).
3 There is 0.1785 mol of CO present, but we have determined that only 0.09393 mol CO
wmﬂdbeneededtomactmthalltheFezmpresent,soFengnstbethellmmMmacmt. H
COis present in excess, X
2molFe _ 55.85gFe 3
0.03131 F 3 2——=35gF by
' a s Gt 1 mol Fe,0, 1mol Fe S :
! 3mol CO, _44.01gCO
' 0.03131 mol F X 2% 2=41gC n
'1_ 08131 mol By, X e ol CD, T 8 !
" ' . "i..
| ¥ : - |
i 8. CoHsOH() +30:(g) — 2C0(g) + 3H0() 3
|
molar masses: C,HsOH, 46.07 g; Oz, 32.00 g; CO,, 44.01 g F |
' o il
§ 25 Og(hHsOHx Lmol _ , 5427 mol C;H:0H 3
; | 1mol _ A
L 25.0g 0 % =0.7813 mol O, 1
00g b
As there is less C;HsOH present on a mole basis, see if this substance is the limiting .
reactant. |
0.5427 ol CHs0H x — 2219 ___ | 6281 mol O, l'
i S Tmol C,HOH :

From the above calculation, C,HsOH must not be the limiting reactant (even though there is

a smaller mumber of moles of C,HsOH present) because more oxygen than is present would

be required to react completely with the C,HsOH present. Oxygen is the limiting reactant.

2 mol CO, % 44.01 g CO
3mol0, 1molCO,

A e

0.7813 mol O, x

2=229gC0;
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b Nyg)+O0xlg) — 2NO(g)
molar masses: N, 28.02 g; O, 32.00 g; NO, 30.01 g

1 mot
2802 g

1 mol
32.00g

As the coefficierits of N and O are the same in the balanced chemical equation for the
reaction,.an equal number of moles of each substance would be necessary for complete
reaction, There is less O, present on a mole basis, 80 O; must be the limiting reactant.

2molNO 30,01 gNO

25.6 gNax

=0.8922 mol N;

250 g0, % =0.7813 mol O,

0.7813 mol O; %

= 46.9 gNO

% Tmol0; « TmolNO 08

L 2g

& c. 2NaClOx(aq) + Cly(g) — 2Cl0,(g) + 2NaCl(aq)
- molar masses: NaClO;, 90.44 g; Cl, 70.90 g; NaCl, 58.44 g

g ' 1 mol ' '

25.0 g Ni be =0,2764 mol NaCl

5 XU R it v ki

e

i3 - ' o . 1mol :

0 = 0.3526 mol C} |
by | 2508CkX Z o0~ - b -
i  See ifNaCIO; is the limiting reactant.

b ‘ 1 mol Cl, 4

0.2764 mol NaClO; X — =S — 0,1382 mol C

% 764 mol NaClO: X 5 matNaCIO, g

As 0.2764 mol of NaClO, would require only 0.1382 mol Cl, to react completely (and since
we have more than this amount of Cl,), then NaClO, must indeed be the limiting reactant,

2 mol NaCl 1 38:44 g NaCl
2 molNaClO, 1 mel NaCl
d. 3Hy(g)+Ni(g) » 2NHs(g) - ;

molar masses: Hy, 2.016 g; N3, 28.02 g; NH,, 17.03 g

1 mol
2016 g

&g

0.2764 mol NaClO; X - =16.2 g NaCl

25.0gHy x = 12,40 mol H,

1 mol

=0.8922 mol N,
28.02¢g

25.0 g N, %
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See if N, is the limiting reactant.

0.8922 mol N, x oL H,
1 molN,

= 2,677 mol H,
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90.

20,0 g N;H

91.

92.

N; is clearly the limiting reactant because there is 12.40 mol H; present (a large excess).

0.8522 mol N, x 220N, 1703 NH, _ 504 5 Nm,
1molN, 1molNH,

NH () + Ox(g) — Na(g) + 2H0(g)
molar masses: NoHy, 32.05 g; O, 32.00 g; N>, 28.02 g; H0, 18.02 ¢

A"

1 mol .
=0, 1 N.
32.05 gb 624 mo 2H4

1 mol

20, X
080:% 5 t0g

=0.625 mol O,

" The two geactants are present in nearly the required ratio for complete reaction (due to the 1:1

stoichiometry of the reaction and the very similar molar masses of the substances). We will
consider NH, as the limiting reactant in the following calculations. 3
1molN, _28.02gN, _

0.624 mol NoHy X X =175gN
X N, ImolN, - e

2molH,0 1802gH,0_ )¢ 510

0.624 mol NoH, X
ol Noe X I NH, . 1mol H,0

=75x 10" g H;8

‘4nyS
Total quantity of HS =50. L x _l_g_x_%(l_g

~ BH,S(ag) + BCly(ag) — 16HCl(ag) +Ss(s)

molsr masses: HzS, 34.09 g; Cla, 70.90 g; S5, 256.6

1 mol
34.09g

7.5% 107 g HS % =220 % 10”° mol Hy§ y

1.0 g Cly X J_"i-°-%= 1.41 % 10 mol Cl

70.90

There is a large excess of chlorine present compared to the amount of Cl, that would be needed to
react with all the H,S present in the water sample: H,S is the limiting reactant for the process.

1 mol S, 2 256.6 g 5,
8molH,S 1molS,

40 gactual _
100 g theory

2.20 x 107 mol H,8 x =17.1x 107 g Sg removed

12.5 g theory X 50g
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