
3
MassRelationshiPs
inChemicalReactions

一

3A2+2B→2BA3

reactants,box(d),andproducts,box(c)

4NH､Cl2→N2H4+2NH4Cl

8KCIO3+CI2H220I,→8KCl+12CO2+11H20

H2SO4 2(1.01)+1(32.07)+4(16.00)=98.1

3.1

3.2

句今

」．。

3.4

3.5

sucrose,C,2H220I1 12(12.01)+22(1.01)+11(16.00)=342.3

molarmass=342.39/mol

3.6

NaHCO3,84.0

5.26gNaHCO3x

3.7

lmolNaHCO,
』

=0.0626molNaHCO3グー

84.0gNaHCO、』

glucose,C6HI206,180.0

180･0gglucose=15.Ogglucose(a) 0.0833molglucosex
1molglucose

lglucosetablet＝4glucosetablets(b) 15.0gglucosex
3.75gglucose

6.022xlO23glucosemolecules
(c)0.0833molglucosex

＝＝

lmolglucose
1023glucosemolecules=

3.8

5.02x 1022glUCOSemOleCuleS

salicylicacid,C7H603,138.1; aceticanhydride,C4H603,102.1

lmolC7H603 1molC4H603 102･1gC4H603

450gC7H6O3x138｣g671i663xlmolC;H:0¥!morCjI663

3.9

=3.33gC4H603

salicylicacid,C7H603,138.1; aceticanhydride,C4H603,102.1

aspirin,C9H804, 180.2; aceticacid,CH3CO2H,60.1

lmolC9H804xlmolC7H603xl38･lgC7H6O3＝7．66gC7H603
{a) [OOgC9H8O4xl802g69ii864xlmolC!H;0;" 1moib7il663

1mOlC9H804 lmolCH3CO2H 60.1gCH3CO2H

(b) ｣OOgC,H@O"xl802g6,Iis64x｣molCMxlm6ICH;COj]＝3．34gCH(b） 10.OgC9H8O4x 180.2gC9H804 1molC9H804 1molCH3CO2H
=3.34gCH

3.10

3CO2Hへ
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へ

3.11 C2H4,28.1; C2H60,46．1

lmolC2H4 1molC2H60 46.1gC2H60

46gC2H4x28,g"
x ~ .i_¥ x= Z_fL_L=7.5gC2H60
lmolC2H4 1molC2H60 (thedFeli5alyield)

percentyield=_Actu41Yielj_~100%==Lg"00%=63%Actualyield

Theoreticalyield 7．59

3.12 C2H60,46.1; C4H100,74.1

1molC2H60 ImolC4HIoO 74.1gC4H,o0
(a）40．0gC2H60x x x

46.1gC2H60 2molC2H60 1molC4H,o0

actualyield=(32.19)(0.870)=27.9gC4HIo0

=32･1gC4HIo0

(theoreticalyield)

(b)100.09=(theoreticalyield)(0.870)

theoreticalyield=100.09/0.870=115gC4HIo0

1molC4H,o0 2molC2H60 46.1gC2H60
115gC4H,00x_. ~ _r__lLx . ､_4_Lx"

74.1gC4H,o0 lmolC4HIo0 1molC2H60
=143gC2H60

3.13 (a)A+B2→AB，

Thereisal:1stoichiometrybetweenthetworeactants.Aisthelimitingreactantbecause
therearefewerreactantAisthantherearereactantB,Is.

(b) 1.0molofAB2canbemadeffoml.0molofAandl.0molofB2.

へ

3.14 ~~

的
的
開
的
伽的

鮒的
的

伽

→

、③

｡g⑦
~ ~~ ~

B2isinexcess,ABisthelimitingreactant.

Li20,29.9: 65kg=65,0009; H20, 18.0: 80．0kg=80,0009; LiOH,23.9
1molLi､O
=2.17xlO3molLi20

③65,000gLi20×299gLf｡
lmolH20

80,000gH20xrZ~~ZE=4.44xlO3molH20
18.OgH20

ThereactionstoichiometrybetweenLi20andH20isonetoone.Therearetwiceasmany
molesofH20astherearemolesofLi20・Therefbre,Li20isthelimtingreactant.

3．15

へ
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(b) (4.44 X 10ت mol - 2.17 X 10ذ mol) = 2.27 X 10ل mol HO remaining
IS.OgHO

2 .27 X 103 mol HO X = 40,860 g HO = 40.9 kg = 41 kg HO
Imol HO2

3.16 к1НСОз,68.0; LiOH, 23.9
Imol LIHCO

68.0gLiHCO

You start with 400.0 g of LiOH. 500.0 g of LİHCO3 are produced from 175.7 g of LiOH.
Over 200 g of LiOH remain. Additional CO2 can be removed.

Imol LiOH 23.9gLiOH3
500.0gLlHC03 X = 175.7gLiOHX X

ImolLiHCO Imol LiOH3 3

3.17 Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample contains
14.25 g c, 56.93 g 0, and 28.83 g Mg.

1 mol c
14 .25 gCx = 1.19 mol c

12.011 gC
1 mol 0

56.93 g Ox = 3.56 mol 0
15.999g0

1 mol Mg
24.305 g Mg

Mgi.,9C| .] ؟ 03.56؛ divide each subscript by the smallest, 1.19.

28.83 g Mg X = 1.19mol Mg

Mg 0
The'em’pi٠rical٠/fori^£/i،s’MgC03٠

3.18 glucose, СбН.зОб, 180.0
Divide each subscript by the smallest, 6, to get the empirical formula.
Сб/бН12/бОб/б

The empirical formula is CHO.
Percent composition:

6xl2.0g٥/٥ c = X 100٥/ο =40.0%
180.0 g

12x1.0ig٥/٥ Η = X 100٥/٥ =6.7٥/٥
I80.0g

6 X 16.0 g%0 = X 100٥/٥ =53.3٥/٥
I80.0g

1 mol НО2 2 mol H
3.19 1.161 gHOx = 0.129 mol HX

18.0 g HO
1 mol CO2

1 mol HO2
1 mol c

2.818 g CO2X = 0.0640 mol c
44.0 g CO
1.01 g H =

1 mol CO2 2

0.129 mol H X  0.i30gH1 mol H

Copyright © 2020 Pearson Education, Inc. 43



Chapter 3 - Mass Relationships in Chemical Reactions

12.0 g C0.0640 mol C X = 0.768 gC
1 mol c

1.00 g total - (0.130 g H + 0.768 g c) = 0.102 g 0
1 mol 0

16.0 g 0

C0.0640H0.129O0.00638؛ divide each subscript by the smallest, 0.006 38.
Co.0640 / 0.006 38 ال0.129/  0.006 38.0.006 38/  0.006 38

0 الآ20.2230.0ه

 mol 0

I

The empirical formula is CjoHoO.

0.!02gOx = 0.006 38

1 mol HO2 2 mol H
3.20 0.697 gHỉOx = 0.0774 molH

18.0 g ąo
1 mol CO2

1 mol HO2
1 mol c

l.SSgCOjX = 0.0352 moicX
1 mol CO44.0 g CO

.divide each subscript by the smaller, 0.0352 ؛
2

,H0.0774ب0.0352إإ

ح00.0352/0.0352لآ
CH
The empirical formula Is СНз, 14.0.
142.0 /14.0 =10.1 = 10; molecular formula = C(i0x i)H(,0x2) = CioHo

.0774/0.0352

2

The empirical formula is C^Hj, 77.0.
Tire peak with the largest mass in the mass spectrum occurs near a mass of 154, wlrich
would be the molecular weight of the compound.
154/77.0 = 2; molecular formula = C(2x6)H(2x5) = С12Н 10

3.21

1 mol HO2 2 mol H = 0.063 mol H3.22 0.57 gHOx X
1 mol HO218.0 g ąo

1 mol CO„ 1 mol c = 0.063 moic2.79gC02X X
1 mol CO44.0 g CO

1.01 g H
1 mol H

1.00 g total - (0.063 gHt 0.76 g c) = 0.18 g N
1 mol N

14.0 g N
Η0063Ν0013; divide each subscript by the smallest, 0.013.

22

10.063 molHx 0.063 nrolCx= 0.063 gH; 1

O.lSgNx = 0.013 mol N

c 0.063إإ0.063إ3,١0.0ا

2.0 g c = 0.76gC
 mol c

H NO.063 / 0.013 ،إ0.063/  0.013، 3١0.0اا  0.013

The empirical formula is C5H5N, 79.0.
The peak with the largest mass in the mass spectrum occurs near a mass of 79, which
would be the molecular weight of the compound, therefore the empirical fomrula and
molecular formula are the same.
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‐、
(b)Designsaferchemicalproductsandprocessesthatreduceoreliminatethegeneration3.23

ofhazardoussubstances.

(a)percentyield (b)percentatomeconomy3.24

(a)Reactionlhasthehigher%atomeconomybecauseallreactantatomsareused

(b) rxnl:C2H4+Cl2→C2H4Cl2

Therearenoundesiredproducts,therefbrethe%AtomEconomy=100%.

3,25

rxn2:CH3Cl+Br-→CH3Br+CI-
Reactants:

lC=(1)(12.0)=12.0

3H=(3)(1.0)=3.0

1Cl=(1)(35.5)=35.5

1Br=(1)(80.0)=80.0
Z=130.5

DesiredProduct:

1C=(1)(12.0)=12.0

3H=(3)(1.0)=3.0

1Br=(1)(80.0)=80.0
Z=93.0

ZAtomicWeight(atomsindesiredproduct)_ 93･0~
%AtomEconomy= xlOO=71%

ZAtomicWeight(at｡msi,,allreactants) 130．5

(a)C3H80,60.1; C]H6,42.1

1mOlC3H80

2350gC3H8Ox60Jg"6

3.26
へ

=0.39molC3H80

／

|,W"11協競J""theoreticalyield=(0.39molC3H80)

actualyieldpercentyield=,actuqlyjeUxl00%=LO;129%100%=619%
theoreticalyield 16.49

(b)C3H80→C3H6+H20
Reactants: DesiredProduct:

3C=(3)(12.0)=36.0 3C=(3)(12.0)=36.0
8H=(8)(1.0)=8.0 6H=(6)(1.0)=6.0
10=(1)(16.0)=16.0 z=42.0

2=60.0

ZAtomicWeight(at｡msindesiredproduct) ％０７

~
~ ００１Ｘ郵
一
皿 ~
~

%AtomEconomy=
ZAtomicWeight(at｡msi,,a,,reactants)

3．27 (a)Ibuprofen,C!3H1802

(b)(13x12.0)+(18x1.0)+(2x16.0)=206.0

(c)%C=旧xl2.0gx100%=75.7%
206.09

へ
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へ

%H= 18x1.019 x100%=8.8%
206.09

2x16.09%O= x 100%=15.5%

206.09

328 (a)4molH" ~LO"=40gH
1molH

2m｡'C､ L20gg=240gC
lmolC

2m｡,O% 460;Q=320gO
lmolO

4.09+24.09+32.09=60.09

(b)Ibuprofen,C,3H,802,206.0

l_kax 14!Og=14xlO'oglbuprofelmasslbuprofen=30xlO61bsx
2.201bs 1kg

Lql911huProfgo=d6xlO7mollbuprofeomollbuprofen=1.4xlO'0glbuprofenx
206.0glbuprofen

LLg=40x,O6kgwast｡60.09waste
(c)6.6xlO7mollbuprofenx.uv.yryvfPLX x

1mollbuprofen lOOOg

へ

ConceptualProblems

3.29 (c)2A+B2→A2B2

3.30 2AsB2→A2+4A2B

3.31 C,7HI8F3NO 17(12.01)+18(1.01)+3(19.00)+1(14.01)+1(16.00)=309.36

3.32 (a)A2+3Bフ→2AB3;B2isthelimitingreactantbecauseitiscompletelyconsumed.
(b)Forl.0molofA2,3.0molofB2arerequired.Becauseonlyl.0molofB2is
available,B2isthelimitingreactant.

2Inol"3=2/3molAB3
lmolB7x- 3molB2

C3H7NO2S,121.2

%C=3x12･09x100%=29.7%

今今勺

_〕．.〕。

121.29

7x1.019 x100%=5.83%%H=

121.29

lx14.09 x100%=11.6%%N=
へ

121.29

CopyrightO2020PearsonEducation,Inc.46



Chapter3-MassRelationshipsinChemicalReactions

へ
2x16.09 x100%=26.4%%O=

121.29

lx32.19 x100%=26.5%%S=

121.29

ThemolecularfbrmulafbrcytosineisC4H5N30.

m｡,CO]=000,m｡,cyt"AE%"2=0004m｡,CO,
cyt C

molH20=0.001molcytx且旦x lH20 =0.0025molH70
cyt 2H

3.34

0，

3．35 CxHv -f 3CO2+4H20; xisequaltothecoefficientfbrCO2andyisequalto2times
thecoefficientfbrH20.TheempiricalfbrmulafbrthehydrocarbonisC3H8.

SectionProblems

BalancingEquations(SeCtion3.2)

Equation(b)isbalanced,(a)isnotbalanced.3.36

(a)and(c)arenotbalanced,(b)isbalanced.

(a)2Al+Fe203→Al203+2Fe(balanced)
(c)4Au+8NaCN+O2+2H20→4NaAu(CN)2+4NaOH(balanced)

3．37
へ

Mg+2HNO3→Hフ+Mg(NO3)2

CaC2+2H20→Ca(OH)2+C2H2

2S+307→2SO3

UO7+4HF→UF4+2H20

3．38 (a)

(b)

(c)

(d)

Ｏ

２

Ｈ４
＋

２

皿
０
ｍ
２

勺

今

４

Ｈ

＋

十

＋

２

Ｑ
Ｑ
狐
４

珊
哩
｝
↓
４

２
↓
ｐ
ｌ

↓

２

Ｎ

Ｏ

２

３

薑

Ｏ

十

十

岬
坪
邸２

２

Ｃ

Ｃ

3.39 (a)

(b)
(c)

SiCl4+2H20→SiOフ+4HCl

P4010+6H20→4H3PO4

CaCN2+3H20→CaCO3+2NH3

3NO7+H70→2HNO3+NO

3．40 ｊ
ｊ
ｊ
ｊ

ａ

ｂ

Ｃ

ｄ

ｌ
ｌ
ｌ
ｌ

VCl3+3Na+6CO-"

Rul3+5CO+3Ag-f
2CoS+8CO+4Cu-"

V(CO)6+3NaCl

Ru(CO)5+3Agl
Co2(CO)8+2Cu2S

3．41 (a)

(b)

(c)

4C6H5NO2+2902→24COう十10H20+4NO2

2Au+6H2SeO4→Au2(SeO4)､3H2SeO3+3H20

6NH4ClO4+8Al －÷4A1203+3N2+3C12+12H20

3.42 (a)

(b)

(c)

へ
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へ

3.43 (a)CO(NH2)2(aq)+6HOCI(aq)→2NCl3(aq)+CO2(aq)+5H20(1)
(b)2Ca3(PO4)2(s)+6SiO2(s)+10C(s)→P4(9)+6CaSiO3(l)+10CO(9)

MolecularWeightsandMolarMass(Section3.3)

3.44

●
、

自

由

ヘ

ノ

』

●

。

染
岬
唖

Ｈ

Ｃ

Ｃ

(a)

(b)

(c)

2(200.59)+2(35.45)=472.1
4(12.01)+8(1.01)+2(16.00)=88.1
1(12.01)+2(19.00)+2(35.45)=120.9

3.45 (a) (1x30.97)+(Yx35.45)=137.3; SolvefbrY;Y=3.
ThefbrmulaisPCl3.
(b)(10x12.01)+(14x1.008)+(Zx14.01)=162.2
SolvefbrZ;Z=2.ThefbmulaisCIoH,4N2.

3.46 C33H35FN205: 33(12.01)+35(1.01)+1(19.00)+2(14.01)+5(16.00)=558.7
C22H27F304S: 22(12.01)+27(1.01)+3(19.00)+4(16.00)+1(32.06)=444.5
C,6H,6ClNO2S: 16(12.01)+16(1.01)+1(35.45)+1(14.01)+2(16.00)+1(32.06)

(a)

(b)

(c) =321．8

3.47 C6H6Cl203: 6(12.01)+6(1.01)+2(35.45)+3(16.00)=197.0

CIsH22CINO2: 15(12.01)+22(1.01)+1(35.45)+1(14.01)+2(16.00)=283.8

C8H6Cl203: 8(12.01)+6(1.01)+2(35.45)+3(16.00)=221.0

(a)

(b)

(c)
へ

3.48 Onemoleequalstheatomicweightormolecularweightingrams.
(a)Ti,47.879 (b)Br2,159.819 (c)Hg,200.599 (d)H20, 18.029

1molCr=0.0192molCr(a)
1.00gCrx52.0gCr

lmolC12=0.0141molCL
(b) 1．00gc'2"709gc( ム

lmolAu=0.00508molAu(c) 1.00gAux
197．0gAu

lmolNH3=0.0588molNH、
(d) 1.00gNH3､170gNlj J

3.49

Thereare3ions(oneMg"and2Cl-)perfblmulaunitofMgCl2.
MgCl2,95.2

lmolMgCl2 3mol ions =0.867molions
275gMgcl2x952gMEcixl~MSIM2

X・ －－

3.50

Thereare3F-anionsperfbrmulaunitofAIF3.

AlF3,84.0

lmolAlF1x3molanions=1.27molF~
356gA'F3~840gAIFwMM6"

X

3．51

へ
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3٠28g 119 g/mol; molecula weight =119.3.52 Molar mass =
0.0275 nrol

221.6g3.53 Molar mass = = 386.7 g/mol; molecular weight = 386.7.
0.5731 mol

3.54 FeSO،, 151.9; 300 mg = 0.300g
ImolFeSO4 = 1.97 X 10-3 mol FeSO0.300 gFeS04 X 4

15!.9gFeSO4

6.022 X 1023 Fe(II) atoms1.97 X 10-3 mol FeSOx4 = 1.19 X 102) Fe(II) atoms
1 mol FeSO4

6.02 X 1023 c atomsImolC C atoms‘5؟xl0 =3.55 0.0001 gCx X
12.0gC ImolC

3.56 CsHioNOỉ, 194.2; I25mg = 0.125g

0.125 g caffeine X
1 mol caffeine =

194
 6.44 X 10٥ mol caffeine

.2 g caffeine
1 mol caffeine 6.022 X 1023 molecules = 3.88 X 1θ2٥ caffeine molecules0.125 g caffeine X X

194.2 g caffeine 1 mol

23.0gNa !
ImolNa
207.2gPb

1 mol Pb

=

=

3.57 (a) 0.0015 mol Nax  0.034 gNa

(b) 0.0015 mol Pbx  0.31gPb

(c) С]И1зС1٩0, 284.7

0.0015 mol diazepam X 284.7 g diazepam = 0.43 g diazepam
1 mol diazepam

3.58 By definition, 6.022 X 1023 particles are 1.000 mole of particles,
mol Ar = 0.2500 mol and mol “other" = 0.7500 mol

39.95 g Ar
1 mol Ar

mass “other" = total mass - mass Ar = 25.12 g - 9.99 g=15.13g “other'

-mol "otlier'
The “other” element is neon CNie).

mass Ar = 0.2500 mol Ar X = 9.99gAr

'other'molar mass “other' 20.17 gZmol

3.59 He, 4.00; Kr, 83.80; By definition, 6.022 X 1023 particles are 1.000 mole of particles,
mass of 6.022 X 1Q23 particles = (0.30)(4.00 g He) 83.80()0.70 ) ا g Ar) = 60 g

6.022 X 1θ23 particles = 1number of particles in sample = 107 .1 χ1024 particles.75 g X
60 g
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79.87 kg TiO2
X100.0؛ kg  T3.60, 79.87؛ TİO2 = 166.8 kg TiO2

47.87 kg Ti

2(55.85 g) Fe

159.7gF6203

mass Fe = (0.6994)(105 kg) = 73.4 kg

 =Fe %3.61, 159.7؛ РезОз X 100ه/ه=  69.94ه/ه

Stoichiometry (Section 3.4)

3.62 (a) 2 FsjOj ٠ 3 C ^ 4 Fe t 3 CO:

(Ь)Рб20з, 159.7 ؛  525 gFs203 X
1

15

 mol Fe٦02 3molC3 = 4.93 mol cX

9.7gFs203 2raolFe20
12.01 gC(c) 4.93 mol C X = 59.2gC
ImolC

3 CO  3 ا CO 2 Fe  3.63؛ (a) РсзОз
28.01 ,CO 159.7؛ ,(b) РезОз

1 mol FeO 3 m3
3

2

ol CO 28.01 g COX.02gFe2O3X = 1.59gCOX

159.7 gFe203 lmolFe20,
3 mol CO 28.01 gCO

3

X

1 mol CO

(c) 1.68то1Ре20зХ = !41gCO
1 mol FeO2 1 mol CO3

3.64 (a) 2 Mg + Ο2 ۶ 2 MgO
(b) Mg, 24.30 ؛  02,32.00؛ MgO, 40.30

lmol02 32.00 gO

2 mol Mg ImolO
X

24.30gMg

2molMgO X 40.30 gMgO
2 mol Mg 1 mol MgO

2 mol Mg X 24.30 g Mg
1 mol Ο2 1 mol Mg

2molMgO X 40,30 gMgO
1 mol 0٦ ImolMgO

1 mol Mg 2
25.0gMgx 1

1 mol Mg
24.30gMg

ImolO

2

25.0gMgx X

2
(c) 25.0 g Ο2 X X

32.00g0
ImolO

2

2
25.0 g Ο2 X =X

32.00 gO. 2

6.5g02

41.5 gMgO

= 38.0 g Mg

 63.0gMgO

46.07 ,CjHO 18.02؛ ,HjO 20 28.05؛^,;СгИО
1то1С2Н4 28.05 gC2H4

ImolHO 1 mol C2H4

1то1С2НбО 46.07 gC2H60

= 3.73gC2Fl4

= 6X

3.65 C2H4 t ه2لآ

(a)0.133molH2Ox

0.133 mol FIO X2 .i3gC2H60
1 mol C2H٥0Imol HO2
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18.02§٩0

Imol Η2Ο

46.07حج2٩0

X
Imol HO2

0.371 mol C2H4X (b)= 6.69ج٩0
Imol C2H

Imol C٦H،026لع

4

mol C2H4X 0.371= 17.1ة0ج ٩0 X

Imol C2H4 Imol CHO2 б

3.66 (a)2Hg0-۶2Hg + 02
(b) HgO, 216.6; Hg, 200.6; Ο2, 32.0

1 mol HgO 2 mo
45 X l Hg 200.6gHg 42.1gHg.5gHgOx X

216.6gHgO

1 mol HgO
216.6 g HgO 2molHgO

ImolO

2 mol HgO
ImolO2

X

2molHgO

1 mol Hg
32.00g02

45.5gHgOx = 3.36 g Ο2X
ImolO2

X 216.6gHgO
32.00 g O, ImolO, 1 molHgO

2
X

2
= 451gHgO(c) 33.3 g Ο2Χ

5.60 kg = 5600 g; TİCI4, 189.7; TİO2, 79.87
1 mol TiO1 mol TiCl4 2

3.67
79.87gTiO2

SÓOOgTiClx = 2358 gTi02 = 2.36kgTi0X 2
189.7gTiCl 1 mol TiCl Imol TiO4 4 2

1 mol Ag 1 mol Cl
= 0.0185 mol Ag; 0.657gClx = 0.0185 mol Cl3.68 2.00gAgx

35.45 g Cl
Ago.oi85Clo.oi85; divide both subscripts by 0.0185. The empirical formula is AgCl.

107.9gAg

1 mol Al ImolO
3.69 S.OgAlx = 0.19 mol Al; 4.45 gOx = 0.28 mol 0

27.0gAl 16.0gO
Alo.15Oo.28؛ divide both subscripts by the smaller, 0.19.
Al 00. /وا1و٧0.28/0.1.0و

ΑΙ,Οι.؛; multiply both subscripts by 2 to obtain integers.
The empirical formula is ΑΙ2Ο3.

3.70 Ν2Η, 32.05; Ι2, 253.8; HI, 127.9
1 mol Ν2Η4

(a)36
2 mol I 253.8 g I2 2

.7gN2Hx = 581gl2X X
32.05 gNH 1 mol Ν2Η4 1 mol I.

1 mol Ν2Η4 4 mol HI 127.9 g HI
(b) 115.7gN2H4X = 1847gHIX

32.05 g Ν2Η4 1 mol Ν2Η4 1 mol HI

3.71 H2S, 34.08; Ι2, 253.8; HI, 127.9
1 mol HS2 1 mol I 253.8 s I2 2

(a) 49.2 gHSx 366 gl.X

34.08 g ąs 1 mol ąs 1 mol I2
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1 mol H٦s2 2 mol HI V 127.9 g HI
1 mol HI1 mol H٦s2

(b) 95.4gH2Sx = 716gHIX
34.08 g ąs

Reaction Yield and Limiting Reactants (Sections 3.5-3.6)

لآ٦.لآ HSO،, 98.08; NİCO3, 118.7; NİSO4, 154.8
1 mol NiCO 1 m3 ol HSO2 98.08 g H2SO44

(a) 14.5gNiC03X 12.0 gHSO،X X
1 mol NiCO
1 mol NiSO4

118.7 gNiCO
1 mol Nico 3

1 mol ąso
NiSO ج 154.8

43 3

4
(b) 14.5gNiC03X X 0.789= 14.9gNiSOX X

118.7 gNiCO 1 mol NiCO, 1 mol NiSO43

3.73 02,32.00; N2,28.01; Ν2Η4, 32.05
1 mol Ν2Η4(a) 50

1 mol 0 32.00 g Ο22
.0 gNHx = 49.9gOzX X

1 mol Ν2Η
1 mol N2

1 mol 0

28.01 g N
232.05 g Ν2Η4 4

1 mol Ν2Η4 2
(b) SO.OgNHx X 0.855 = 37.4 gNX 21 mol N232.05 g Ν2Η4 1 mol Ν2Η4

3molH2
3.74 3.44 mol N2 X = 10.3 mol Hj required.ImolN2

Because there is only 1.39 mol Hj, Η2 is the limiting reactant.
2 mol NH 17.03 gNH3 31.39molHx 15.8 gNHX
3molH
ImolN2

Imol NH

28.01 gN
2 3

= 13.0gN2 reacted1.39 mol Η2 X X
3molH

28.01 gN
2 ImolN.

96.3 g N2 initially3.44 mol N2 X ImolN

(96.3 g - 13.0 g) = 83.3 g N2 left over
2

Η2, 2.016; CI2, 70.91; HCl 36.46
ImolH2

3.75

= 1.77 molH3.56gH2X 2
2.016gH

1 mol Cl
2

2 .126 mol Cl8.94gCİ2X 2
70.91 g Cl

Because the reaction stoichiometry between Η2 and CI2 is one to one, CI2 is the limiting
reactant.

2

2 mol HCl 36.46gHCl = 9.19gHCl0.126 mol Cl٦ X2 X
Imol HCl1 mol Cl2
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へ

lmolPt(NH3)2CI2_300.0gPt(NH3)2Cl2
0.134molK2PtCl4x. .j__¥=x

1molK2PtCl4 1molPt(NH3)2Cl2

40.29Pt(NH3)2Cl2isthetheoreticalyield.

Actualyield=(40.29)(0.95)=389Pt(NH3)2Cl2.

=40.29Pt(NH3)2Cl2

3.82 CH3CO2H+C5H,20→C7H1402+H20

CH3CO2H,60.05;CsH,20,88.15;C7H,402, 130.19

1molCH3CO2H
1.87gCH3CO2Hx ___ ~2_Xg__=0.0311molCH3CO2H

60.05gCH3CO2H

lmolC5H120
2.31gC5H,20xn_｡_ X¥¥/､=0.0262molC5H,20

88.15gCSH,20

BecausethereactionstoichiometrybetweenCH3CO2HandCsH,20isonetoone,
isopentylalcohol(C5H,20)isthelimtingreactant.

1molC7H14O2 130､l9gC7H14O2＝3．41gC7Hl4020.0262molC5HI20x. ._'_JL4x
1molC5H,20 1molC7H1402

3.4IgC7H,402isthetheoreticalyield.

Actualyield%Yield= Actualyield x100%=2･969x100%=86.8%
Theoreticalyield 3.419

呈

へ

3.83 K2PtCl4 +2NH3→2KCl +Pt(NH3)2Cl2
K2PtCl4,415.1;NH3,17.03; Pt(NH3)2Cl2,300.0

LJIol"9# =000824molK2PtCl4342gK2PtCl4~415｣gk2Ptc14
LHo'W#2 =00945molNH3L61gNH3xl703gNIi3

Only2x(0.00824)=0.0165molofNH3areneededtoreactwith0.00824mol]

Therefbre,theNH3isinexcessandK2PtCl4isthelimitingreactant.

1pnolpIWHCl2x3900;IM)f'2=2479[0．00824molK2PtCl4x = ~ 4__¥4x
lmolK2PtCl4 lmolPt(NH3)2Cl2

2.479Pt(NH3)2Cl2isthetheoreticalyield. 2.089Pt(NH3)2Cl2istheactualyield.
ACtualyield

%Yield¥T…calyi､M"叩0鋤-鶚Ⅸ100%=84.2%

K

=2.479P

2PtCl4.

t(NH3)2Cl2

WCl6,396.6;W6Cl,2, 1528

(a) 6WCI6+8Bi→W6Cl,2+8BiCl3

1molWCl6 8molBi x209.0gBi=105.4gBi(b) 1500gWCl6%3966gWC16x5MMl6% 1molBi
(c)ComputethetheoreticalyieldfbrW6Cl,2fromeachreactanttodeterminethelimiting
reactant.

3.84

へ
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1molW.q!2"152831W6g',2=146gw6c,"lmolWCl6

228gWC'6"39"gWCl6" 6m｡,WC,;
xX X

1molW6Cl,2

1759Bi"_UIMo'Ej 1molWfl,2xl=8glY6g''2=160gW6Cl"x X

209.09Bi 8molBi lmolW6Cl,2

Thesmallertheoreticalyield(1469)meansthatWCl6isthelimitingreactantandl46g
W6Cl,2areproduced.

へ

NaH,24．00;B2H6,27.67;NaBH4,37．83

(a)2NaH+B2H6→2NaBH4

8,55gNaH~｣"'V3Il.=0.356molNaH
24.00gNaH

LPP'"=0244m｡,B2H6
675gB2H6"2767g"6
ForO.244molB2H6,2x(0.244)=0.488molNaHareneeded.Becauseonly0.356mol
ofNaHisavailable,NaHisthelimitingreactant.

2molNaBH4x37.83gNaBH4=13．5gNaBH4Produced0.356molNaHx X

2

3.85

molNaH lmolNaBH4

1molB2H6 27.67gB2H6
(b)0.356molNaHx~ ._f_yx

2molNaH lmolB2H6

B2H61eftover=6.759-4.939=1.82gB2H6

=4.93gB2H6reacted へ

PercentCompositionandEmpiricalFormulas(Section3.7)

CH4N20,60．1

%C='2･0gCx,00%=20.0%

3.86

60.19

4xl.01gHx100%=6.72%
60.19

2x14.0gNx100%=46.6%
60.19

16.0gOx100%=26.6%

%H=

%N=

%O=

60.19

3.87 (a)Cu2(OH)2CO3,221･1

%Cu=2x63･59CUx100%=57.4%
221．19

5x16.090x100%=36.2%
221．19

12.0gCx100%=5.43%

%O=

へ

%C=

221.19
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3.76 C2H4, 28.05; CI2, 70.91; C2H4CI2, 98.96

1 mol C2H4
15.4ёС2Их = 0.549 mol C2H4

28.05 ёСгИ
1 mol Cl'2

3.74 gClx = 0.0527 mol Cl2
70.91 gCl

Because the reaction stoichiometry between C2H4 and CI2 is one to one, CI2 is the limiting
reactant.

2

Imol C2H4CI2 98.96gC2H4Cl2
0.0527 mol CI2 X = 5.22gC2H4Cİ2X

1 mol Cl Imol C2H4CI2 2

3.77 (a) NaCl, 58.44; AgNƠ3, 169.9; AgCl, 143.3; NaNƠ3, 85.00
NaCl t AgNOj

1.3gNaC!x

NaNO  ؛AgCl 3
ImolNaCl

= 0.022 mol NaCl
58 .44 gNaCl

1 mol AgNO3
3.5gAgN03X = 0.021 mol AgNO3

169.9gAgNO٠

Because the reaction stoichiometry between NaCl and AgNƠ3 is one to one, AgNOj is the
limiting reactant.

0.021 mol AgN03X ImolAgCl X 143.3 gAgCl
1

3.0gAgCl
 mol AgNO^ 1 mol AgCl

ImolNaNO, 85.00gNaNƠ3
0.021 mol AgNOjX = 1.8gNaN03X

1 mol AgNO
ImolNaCl

ImolNaNO3 3

58.44gNaCl0.021 mol AgNOj X = 1.2gNaCl reactedX

1 mol AgNO Imol NaCl3

(I.3g-I.2g) = 0.1 g NaCl left over
(b) BaCİ2, 208.2; H2SO4, 98.08; BaSƠ4, 233.4; HCl, 36.46
BaCİ2 t H2SO4 4 BaS٥4 t 2НС1

Imol BaCI2
2.65 g BaCİ2 X = 0.0127 mol BaCI2

208.2gBaCl

Imol H2SO4

2

6.78gH2S04X = 0.0691 mol H,S04
98.08 gH2S٥4

Because the reaction stoichiometry- between BaCİ2 and H2SO4 is one to one, BaCİ2 is the
limiting reactant.

1 mol BaSO 233.4 gBaSO4 40.0127 mol Bad X2 = 2.96gBaSƠ4X
1 mol BaCl

2 mol HCl

1 mol BaSO

36.46gHCl =
Imol HCl

4

=

2

0.0127 mol BaClx2  0.926 gHClX
Imol BaCl2
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Imol H٦S02 4 98.1§2لاج04
= 1.25 g  4ه8ةلا reacted0.0127 mol BaCljX X

1 mol BaCl

(6.78 g - 1.25 g) = 5.53 g H2SO4 left over

Im2 ol H١S02 4

3.78 СаСОз, 100.1؛ HCl, 36.46
СаС0з + 2НС1

2.35gCaC03X

-> CaC

100

l t Η2Ο t CO
Imol CaCO 3 = 0.0235 mol CaCO 3

.1 gCaCO
Imol HCl

0

3

.0645 mol HCl2.35gHClx
36.46gHCl

The reaction stoicliiometry is 1 mole of СаСОз for every 2 moles of HCl. For 0.0235 mol
СаСОз, we only need 2(0.0235 mol) = 0.0470 mol HCl. We have 0.0645 mol HCl,
therefore СаСОз is the limiting reactant.

1 mol CO 222 .4 L = 0.526LCO0.0235 mol CaC0,x3 X 2
lmolC021 mol CaCO3

N2,28.01 ؛N3,65.01 №2؛NaN3 ^ 3Ν2 +2Na
1 mol NaN 3 mol N23

3.79
47.0 L = 41.8L38.5gNaN3X XX

2 mol NaN 1.00 mol N.65.01 g NaN 33

СН3СО2Н t C5H12O -> C7H,402 t Η2Ο
130.19 ,C7H14O2 88.15؛ ,C5H12O 60.05؛ ,СН3СО2Н

Imol CHCOH3

3.80

0.0596 mol CHCOH33.58gCH3C02Hx
60.05 gCH3C02H

Imol C5Hi20
= 0 .0539molC5Hj204.75gC5H٠20x

88.15 gC5Hi20

Because the reaction stoichiometry between СН3СО2Н and C5Hj20 is one to one,
isopentyl alcohol (C5H12O) is the limiting reactant.

,  130.19gC7H,40
= 70 X .02gC7Hi4O2.0539 mol С5Н12ОХ

1 mol C7Hj402

7.02 g C7HJ4O2 is the theoretical yield. Actual yield = (7.02 g)(0.4S) = 3.2 g.

1 mol CjH]20

2КС1 t Pt(NH3)2Cİ2KPtCl t 2ΝΗ3
300.0 ,Р1Рз)гС12 17.03؛ ,ΝΗ3 415.1؛ ,KjPtCl

ImolKPtCl

3.81
\ị (i

\قا٠ألأ>عه١6

داا؛جسد
Therefore 4اكالل2ة ٠Only 2(0.134) = 0.268 mol ΝΗ3 are needed to react with 0.134 mol

,the ΝΗ3 is in excess and KjPtCl is the limiting reactant

ي
4'2

= 0.134 mol KTtCl,^55.8gK2PtCİ4X
415.1 gRPtCl

ImolNH ỏ١
3 = 2.09 mol NH35.6gNH3X 3 7.17.03 gNH3

Mن

Copyright © 2020 Pearson Education, Inc.54



Chapter 3 - Mass ReJationships in Chemicat Reactions

2xl.0!gH0/٠Η = χ100٥/ο=0.914٥/ο
221.lg

(b) CsHạNŨỉ, 151.2
_8xl2.0gC% C X 100% =63.5%

I51.2g
9xl.0!gH%Η = χ100٥/ο=6.01٥/٥

I51.2g
ب χ

I51.2g
٥/٠Ν 100٠/ο=9.26٥/٥

2xl6.0gO= ٥/٠٥ χ100٥/٠=21.2٥/٥
151.2

859.2 (^3,Fe(CN eF،؛)ء(
7 x 55.85 gFe

859.2 g
= 18 X 12.01 gC

859.2 g
, 18 X 14.01 gN

%Fe =

٥/٥ c X

% N x

Xl00٥/٠=45.50٥/٥

l00٠/٥=25.16٥/٥

l00٥/٠=29.35٠/٥
859.2 g

3 88 (a) Assume a 100.0 g sample of aspirin. From the percent composition data, a 100.0
sample contains 60.00 g C, 35.52 g 0, and 4.48 g H.

ImolC
60.00 gCx = 4.996 moic

12.01 gC
ImolO

35.52g٥x = 2.220 molO
ló.OOgơ

ImolH

1.01 gH
C4.996H4.44O2.220؛ divide each subscript by the smallest, 2.220.

4.48 gHx = 4.44 mol H

H 0ฯ.996 / 2.220، ،4.44 / 2.220٧2.220 2.220 ا

ข2 25^0١; multiply each subscript by 4 to obtain integers.
The empirical formula is 0 ةلآو04٠
(b) Assume a 100.0 g sample of ilmenite. From the percent composition data, a 100.0
sample contains 31.63 g 0, 31.56g Ti, and 36.81 g Fe.

31.63gOx
ImolO

= 1.977 mol 0
16.00g0

1 mol Ti
31.56gTix = 0.6593 mol Ti

47.87gTi
1 mol Fe

36.81 gFex = 0.6591 mol Fe
55.85 gFe

0.659,Т1о.б59з0^.977,;Fe  divide each subscript by the smallest, 0.6591.
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TiFe 0.6593/0.6591

The empirical formula is FeTiOj.
(c) Assume a 100.0 g sample of sodium thiosulfate. From the percent composition data
a 100.0 g sample contains 30.36 g 0, 29.08 g Na, and 40.56 g s.

ImolO

0.6591 /0.6591 1.977/0.6591

30 = 1.897 molO.36 gOx
ló.OOgơ

1 mol Na = 1.265 mol Na29.08 gNax
22.99gNa

1 mol s

32.07 gS
.1.265 ,divide each subscript by the smallest .8؛7؟Na|,265Si.2650i

1.265  /1.265 / 1.265ร1.265 / Ι.265Ο1.897

multiply each subscript by 2 to obtain integers. ؛؛,؛NaSO
The empirical formula is Na2S203٠

= 1.265 mois40.56 gS X

Na

Assume a 100.0 g sample of ferrocene. From the percent composition data, a 100.0
sample contains 5.42 g H, 64.56 g C, and 30.02 g Fe.

1 mol H
5

3.89

= 5.37 mol H.42 gHx
1.01 g H

1 mol c = 5.376 mol c64.56gCx 12.01
1 mol Fe = 0.5375 mol Fe30.02 gFex

55.85 g Fe
آل05.37ج?.divide each subscript by the smallest, 0.5375 ؛

ب5.376ا  0.5375 Η5.37 0.5375  ا 0.5375*ب 0.5375ا

The empirical formula is CioHjoFe.

5.376 .5375
Fe

Assume a 100.0 g sample. From the percent composition data, a 100.0 g sanrple contains
24.25 g Fand 75.75 gSn.

ImolF
24

3.90

= 1.276 molF.25 gFx
19.00gF

1 mol Sn = 0.6382 mol Sn75.75 gSnx
118.7gSn

?divide each subscript by the smaller, 0.6382.รท0.6382 ؛

รท0.6382/0.6382* 1.276/0.6382

The empirical formula is 8пр2٠

1.276,
F

(a) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 75.69 g c, 15.51 g 0, and 8.80 g H.

1 mol c
75

3.91

= 6.302 mol c.69gCx
12.01 g c

1 mol H = 8.71 mol H8.80 gHx
1.01 g H

Copyright © 2020 Pearson Education, Inc.58



Chapter 3 - Mass Relationships in Chemical Reactions

1 mol ٥
15.51 gOx = 0.9694 mol 0

16.00 g 0
٩.302 لا 8.7و.0ها694؛ divide each subscript by the smallest, 0.9694.
C ٥H6.302 / 0.9694* *8.71 / 0.9694 *0.9694 / 0.9694

C^.jHgO؛ multiply each subscript by 2 to obtain integers.
The empirical formula is C]3Hjg02٠
(b) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 72.36 g Fe, and 27.64 g 0.

1 mol Fe
72 1.36 gFex .296 mol Fe

55.85 g Fe
1 mol 0

27.64 g٥x = 1.727 molo
16.00 g 0

divide each subscript by the smaller, 1.296.Ре1.29бО ؛ 1.727,
Fe О 1.727/ 1.296

.multiply each subscript by 3 to obtain integers ؛
The empirical formula is РбзО
(c) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 34.91 g 0, 15.32 g Si, and 49.77 g Zr.

1 mol Zr

1.296/ 1.296
FeO 1.333,

4-

49.77 gZrx = 0.5456 mol Zr
91.22 g Zr

1 mol Si
15.32 g Six = 0.5454 mol Si

28.09 g Si
1 mol 0

34.91 g Ox = 2.182 molO
16.00 g 0

Ζγο.54568؛ο.5454٥2.ι82; divide each subscript by the smallest, 0.5454.
0.5456 / 0.5454SỒ.5454/ 0.5454Ο2.182 / 0.5454

The empirical formula is ZrS!04٠
Zr,

Formulas and Elemental Analysis (Section 3.8)

3.92 Assume a 100.0 g sample of liquid. From the percent compositioir data, a 100.0 g sample
of liquid contains 5.57 g H, 28.01 g Cl, and 66.42 g C.

66.42 gCx
1 mol C = 5.530 mol c

12 .01 g c
1 mol H

5.57 gHx = 5.51 mol H
1.01 g H

1 mol Cl
28.01 gClx

ح5.530آل5.51.هاح .

0.7901 mol Cl
35.45

.divide each subscript by the smallest, 0.7901 ؛
Cl

7901
H Cl'5.530/0.7901 5.51 /0.7901 0.7901 /0.7901

C7H7CI
The empirical formula is C7H7CI, 126.59.
Because the molecular weiglrt equals the empirical formula weight, the empirical formula
is also the molecular form.ula.
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Assume a 100.0 g sample of liquid. From the percent composition data, a 100.0 g sample
of liquid contains 34.31 g c, 5.28 g H, and 60.41  g I.

1 mol c
34

3.93

.31 gCx = 2.857 mol c
12.01 g c
1 mol H

5.28 gHx = 5.23 mol H
1.01 g H
1 mol I

= 0.4760 moll60.41 glx
126.9 g I

2.857 لا 5.23ل0,4760؛ divide each subscript by the smallest, 0.4760.
2.857 / 0.4760 ال5.23 0.47ل0ة00.47ةا  0.4760

The empirical formula is CHijI, 210.07.
Because the molecular weight equals the empirical formula weight, the empirical formula
is also the molecular formula.

c
c

Mass of toluene sample = 45.62 mg = 0.045 62 g؛ mass of COj = 152.5 mg = 0.1525 g;
mass of HjO = 35.67 mg = 0.035 67 g

1 mol CO Imoic2

3.94

0.003 465 mol c0.1525 gC02X X
44.01 g CO 1 mol CO2 2

12.011 gC = 0.041 62 gCmass c = 0.003 465 mol c X
ImolC

Imol HO 2molH 0.003 959 mol H0.035 67gH20x X
Imol HO218.02 g^O

mass H = 0.003 959 mol H X l.OOSgH =0.003 991 gH
ImolH

The (mass c ؛ mass H) = 0.041 62 g t 0.003 991 g  = 0.045 61 g. The calculated mass
of (C ا H) essentially equals the mass of the toluene sample, this means that toluene
contains only c and H and no other elements.

divide each subscript by the smaller, 0.003 465.c ؛ 0.003لا564 0.003 959,
c H0.003 465 / 0.003 465' '0.003 959 / 0.003 465

CHj 14؛ multiply each subscript by 7 to obtain integers.
The empirical formula is C7H8.

5.024 mg = 0.005 024 g; 13.90 mg = 0.013 90 g6.048 ؛  mg = 0.006 048 g
ImolC1 mol c٥2

0

3.95

= 3.158x10-4 moic.013 90 gC02X 1 mol CO244.01 gCO
Imol HO

2

2 2molH = 6.713x104 mol H0.006 048 gHOx X

18.02 g^O ImolHO
12.01 gC ==3.158x10-4 molCx  0.003 793 gC
ImolC

1.008gH =
ImolH

=6.713x10-4 molHx  0.000 6767 gH
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0.000 676 7 g) = 0.000 554 g  N ؛mass N = 0.005 024 g - (0.003 793 g

0.000 554 gNx
ImolN = 3.95 X 10-5 molN

14 .01 gN
Scale each mol quantity to eliminate exponents.

Η6.713Ν0.395; divide each subscript by the smallest, 0.395.C3.158
c H, N 3.158/ إإ5و3.0 6.713.ه/ 395إ5١0.3و/ 0.395

The empirical formula is C8H17N.

3.96 Let X equal the molecular weight of cytochrome c.
55.847 ü55.847 ü0 .0043 =  ,- = = 13,000 иX 0.0043

3.97 Let X equal the molecular weight of nitrogenase.
2 x 95.94u2 X 95.94 ü0 χ.000 872 =  = 220,000 üX 0.000 872

3.98 Let X equal the molecular weight of disilane.
2 X 28.09 ü2 X 28.09 ü0 .9028 = ; Χ = = 62.23 и

X 0.9028
62.23 - 2(Si atomic weight) = 62.23 - 2(28.09) = 6.05
6.05 is the total mass of H atoms.

1 H atom6 .05 u X = 6Hatoms؛ Disilane is SijHo.1.01 u

3.99 Let X equal the molecular weight of MSj.
0.4006 = 2 X 32.07 ü 2 X 32.07 u= x؛ = 160.1 u

X 0.4006
Atomic weight of M = 160.1 - 2(S atomic weight)

= 160.1 -2(32.07) = 95.96
M is Mo.

3.100 С12ВГ10, 943.2؛ С12ВГ10О, 959.2; 17.33 mg = 0.017 33 g
12 X 12.01 g c

943.2 g
12 X 12.01 g c

ForCi2Brio, ٥/oC = X 100./. = 15.28./.

ForC Xl00٥/jjBrioD, %c = ٥=15.03٠/٥
959.2 g

Calculate the mass of c in 17.33 mg of с٥2٠
1 mol CO 1 mol2 c 12.01 g c0.017 33 gCOjX = 0.004 729 g = 4.729 mg cX X

44.01 g CO 1 mol CO2 1 mol c

Calculate the 0/oC in the 31.472 mg sample.
٥/oC = 4.729 mg c xl00٠/٠=15.03٥/٥

31.472 mg
Decabronr is CjjBr.oO.
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3.101 Mass of amphetamine sample = 42.92 mg = 0.042 92 g؛
mass of c٥2 = 125.75 mg = 0.125 75؛
mass of HjO = 37.187 mg = 0.037 187 g

1 mol c٥ 1 mol c2 = 0.002 857 moic.0.125 75g с٥2 X X
44.01 g CO2 1 mol CO2

12.01 gC_=mass c = 0.002 857 mol c X 0.034 32 g = 34.32 mg c
1 mol c

1 mol HO2 2 mol H = 0.004 127 molH0.037 187 gHOx X
1 mol HO218.02 g Η2Ο

l.OOSgH
ImolH

mass H = 0.004 127 mol H X =0.004 160 g = 4.160mgH

mass N = 42.92 mg - mass H - mass c = 42.92 mg - 4.16 mg - 34.32 mg = 4.44 mg = 0.004 44 gN

0.004 44gNx
1 mol N = 0.000 317 mol N

14 .01 g N
ح 0.002.هلا758 004ا ^00072؛7ا3  divide each subscript by the smallest, 0.000 317.

0.002 857/0.000 3!7 ال0.004 127/0.000317,لآ7000317/0.0003ا

The empirical formula is C؟H١3N, 135.20.
Because the molecular weight is less than 160 g/mol, the empirical formula is also the
molecular formula.

c

Mass Spectrometry (Section 3.9)

3.102 A neutral molecule will travel in a straight, undeflected, path in a mass spectrometer.
Ionization is necessary as electric and magnetic fields will only exert a force on a charged
species, not a neutral molecule. Ions of different masses are then accelerated by an electric
field and passed between the poles of a strong magnet, which deflects them through a curved,
evacuated pipe. The radius of deflection of a charged ion, M٠, as it passes between the magnet
poles depends on its mass, with lighter ions deflected more strongly than heavier ones.

3.103 High mass accuracy is often needed to make an identification of a compound. For example
two compounds with differeirt molecular forjuulas can have very similar masses, CjHgO =
84.0570 and ٩Η]2 = 84.0934. Highly accurate mass measurements are used to confirm the
identity of molecules.

.11 70.042 3.104 Mass of the sample is
For С5Н10, mass= (5 12.000 000)ا  10(1.007 825)=  70.078 250

For ๐4٩0, mass =(12.0004 000)؛ (6 1.007 825)؛ (1 15.994 915)=  70.041 865
098 70.053  =(074 14.003 2) +(825 1.007 6) ،(000 12.0003)= For C3HN2, mass

The sample isء 4٩.ه

.46 58.077 3.105 Mass of the sample is
250 58.078  =(825 1.007)10  +(000 12.000 4) =For С4Н10, mass

For С3Н0, mass =(12.0003 000)؛ (6 1.007 825)؛ (1 15.994 915)=  58.041 865
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For СзИ^, mass = 2(12.000 000) 098 58.053  =(074 14.003)12 (825 1.007 6)ا
The sample is с،н)٥.

3.106 mass of COj = 169.2 mg = 0.1692 g؛ mass of Η2Ο = 34.6 mg = 0.0346 g
Imol CO ImolC2

0.1692gCO2X = 0.003 845 mol CX
44.01 gCO
Imol HO

2

2

Imol CO2

2molH
0.0346 gHOx = 0.003 84 mol HX

Imol HO18.02 g^O
С0003 845Н0 00384; divide each subscript by tire smaller, 0.003 84.
c. H,0 .003 84/0,003 84

The empirical fomula is CH, 13.0.
The peak with the largest mass in the mass spectrum occurs near a mass of 78, which
would be the molecular weight of the compound.
molecular formula = c ؛6 = 78/13.0

0.003 845/0.003

(6xl)H(6x|) = c٥h

3.107 mass of 1,2,3-benzenetriol = 150.0 mg = 0.1.500 g؛
mass of COj = 314.2 mg = 0.3142 g; mass of Η2Ο = 64.3 mg = 0.0643

ImolC1 nrol c٥2
0 .3142gCO2X = 0.007 139 mol cX

44.01 g CO
1 mol HO

2

2

Imol CO2

2molH
0.0643 gHOx = 0.007 14 mol HX

18.02gH2O
12.01 gC
ImolC

l.OOSgH
ImolH

Imol HO2

0.007 139 mol Cx = 0.085 74 gC

0.007 14 molHx = 0.007 20 gH

0 0.007 20 g) = 0.0571  g ؛mass 0 = 0.1500 g - (0.085 74 g

0.0571 g Ox
1 mol 0 = 0.003 57 mol 0

16 .00 gO
.divide each subscript by the smallest, 0.003 57 ؛57 003

น0.007 139 / 0.003 57 i 57 0.003  /57 57.0.003 14/0.003 0.007إ

The enrpirical formula is C2H2O, 42.0.
The peak with tire largest mass in the mass spectrum occurs near a mass of 125, which
would be the molecrrlai' weight of the compound.
molecular formula = C(3x2)H(3x2)0(3xi) = CftH0٩ ؛3 = 2.97 = 125/42.0

٠0.007لا931 0.007 14.0.

H٥

Multiconcept Problems

3.108 High-resolution mass spectronretry is capable of measruing the mass of molecules with a
particular isotopic composition.
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u -24 ) = 6.06 X 10"2ؤ g/molecule)(1.6605 x 10'3.109 Mass of 1 HCl molecule = (36.5 molecule u

1(

36.5 gZmol = 6.02 X 1023 molecules/molAvogadro's number =
6.06 X 10"23 g/molecule

3.110 The combustion reaction is: 2 CgHig + 25 ๐2  Ч I6CO2 t Ι8Η2Ο
CHis, 114.23؛ CO2, 44.01

pounds С0з= 1.00 gal X
0.703 gCgH3.7854 L 1000 mL 18

XX X
IL 11

ImolCoH 18
X

114.23gC8Hj mL gal
16 mol CO2 44.01 gCO lib = 18.1 lb COX X 2

1 mol CO 453.59g2 mol C.H 1 8 2

18.02 ,Η2Ο 44.01؛ ,CO2 3.111, 143.32؛ AgCl

molClinl.OOgofX = 1.95gAgCl X
Imol Cl1 mol AgCl

143.32gAgCl ImolAgCl
X = 0.0136 mol Cl

35.453 gCl = 0.482 g Clmass Cl = 0.0136 mol Cl X
Imol Cl

1 mol CO. ImolC = 0.0204 moicmol c in 1.00 g ofX = 0.900 g CO2 X X
1 mol CO.44.01 gCO2

12.0!lgCmass c = 0.0204 mol c X = 0.245 gC
ImolC

Imol HO2 2molH = 0.0816molHmol H in 1.00 g ofX = 0.735 g ąo X 1 mol HO18.02gH2O

= 0.0823 gH

mass N = 1.00g_ mass Cl - mass c - mass H= 1.00- 0.482 g - 0.245 g - 0.0823 g = 0.19 g N

2

l.OOSgHmass H = 0.0816 mol H X
ImolH

ImolN = 0.014 mol NmolNinl.00gofX = 0.19gNx
14.01 gN

Determine empirical formula.
م " لا ام  - divide each subscript by the smallest, 0.0136.

C0.0204 / 0.0136 لا 60.08إ / O.OBöNq.üM 0.0136  ا 0,0136اء0.0136ا

Cj.jHNCI, multiply each subscript by 2 to get integers.

The empirical formula is СзН]2Х2С12٠

3.112 СаСОз, 100.09
%Ca 40.08 g Ca X 100% = 40.04%

100.09 g
12.01 g C
100.09 g

X  100% = 12.00%C
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3xl6.00gO= 0٥/٥ X 100% = 47.96%
100.09g

Because the mass %’s for the pulverized rock are different from the mass %’s for pure
СаСОз calculated here, the pulverized rock cannot be pure СаСОз.

3.113 С2НбО,46.07؛Н2О, 18.02
Let X = mass of HjO in the 10.00 g sample.
Let Y = mass of ethanol (СгИО) in the 10.00 g sample.
X + Y=10.00gandY=10.00g-X
mass of collected Η2Ο =11.27gا Imol CHO2ا. 3 mol НО2 18.02gH2٥
mass of collected Η2Ο = X + Yx X X

46.07 gC2٩0 1 mol СгИО Imol HO2
Substitute for Y.

11 mol C2H٥0 3mol HO 18.02gH2O
I1.27g = x+ (10.00 - X) X X X

46.07 gC2٩٥ Imol ๐2٩0 Imol HO2

x + (10.00g-x)(1.173)
11.27g = X+11.73g-1.173X
0.173 X= 11.73 g-11.27g = 0.46g

0.46 g
0.173

11.27

x = = 2.7gH20

Y = 10.00 g-x= 10.00 g-2.7 g = 7.3 g СгИО

3.114 FeO, 71.85؛ РсзОз, 159.7
Let X equal the mass of FeO and Y the mass of РСгОз in the 10.0 g mixture. Therefore,
x + Y = io.o g.

1 mol Fe
mol Fe = 7.43gx = 0.133 mol Fe

55.85 gFe
mol FeO t 2xmo!Fe2٥3 = 0.133 mol Feا mol FeOImolFeO 1ا

71.85gFeO
3Xx 2x = 0.133 mol FeX

159.7gFc20
Rearrange to get X = 10.0 g-Y and then substitute it into the equation above to solve for Y.

3

ا )

1 mol Fe٦0
ImolFeC ؛

71.85 gFeO

mol I 2 Y mol
I59.7g

= 0.133 mol-

2 X

= 0

3(lO.Og-Y)x = 0.133 mol FeX

159.7gFe2٥3
10.0 mol .133 mol

71.85 71.85 g
Y mol ^ 2 Y mol
71.85 g I59.7g

10.0 mol - 0.0062 mol

(_Ymol)(159.7g)  )2ا Ymol)(71.85g) -
71.

=

85

 -0.0062 mol
(71.85 g)(159.7g)
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16.0Υ-Ιό.ΟΥιηοΙ = 0.0062'.0062 mol;
11474

= (0.0062)(11474 g)/16.0 = 4.44 g = 4.4 g РсгОз
= 10.0 g - Y = 10.0 g - 4.4 g = 5.6 g FeO

11474

X

3.115 AgCl, 143.32
Find the mass of Cl in 1.68 g of AgCl.

mol Cl in 1.68 g of AgCl = 1.68gAgCl X
1 mol ClImolAgCl

143.32gAgCl ImolAgCl
X = 0.0117 mol Cl

35.453 gCl = 0.415 g Clmass Cl = 0.0117 mol Cl X
1 mol Cl

All of the Cl in AgCl came from XCI3.
Find the mass of X in 0.634 g of XCI3.
Mass ofX = 0.634 g - 0.415 g = 0.219 g X

1 mol X
0 = 0.00390 moix.0117 mol Clx

3 mol Cl
0.219

= 56.2g/mol;X = Femolar mass ofX =
0.00390 mol

3.116 СбНгОй t 6Ο2 ^ 6CO2 t 6Η2Ο; C٥Hi20٥, 180.16; CO2, 44.01
1 mol СбН^Об 44.01 g6 mol CO2

66 X
 CO2

= 97.2 g CO.3gC٥H١206X 2
1 mol CO

25.4 L CO.
21 mol СбН^Об

6 mol CO2

180.16 g СбН1гОб

1 mol 0٥Η]2θ6 = 56.1 L CO.66.3 g C٥H[20٥ X XX
1 mol CO1 mol СбН)20б180.16 gC6H)206 2

3.117 MassofCu = 2.196g; mass of s = 2.748 g - 2.196 g = 0.552 g s
2.196 g
2.748 g

Xl00٥/٠ = 20.1٥/٥

xlOO٠/٥ = 79.91./.(a) ٥/oCu =

0.552 g٥/٠s
2.748 g

1 mol Си = 0.034 55 mol Си(b) 2.196gCux
63.55 g Си

1 mol s 0.0172 mois'.552gSx
32.07 g S

Cuo03455S٥0i72؛ divide each subscript by the smaller, 0.0172.
Cu٥. s 03455/  0.0,72ى0.0172/  0.0172

The empirical formula is CU2S.
(c) CuzS, 159.16
5.6 s CuS 1 mol Cu٦S'22 6.022x 1023 Си. ions2 mol Си. ions

XX X

1 mol CU2S159.16 g CUjS
= 4.2x1Q22 Cu'ions/стЗ

1 mol Cu٠ ions1 cm3
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3.118 Mass of added Cl = mass of XCI5 - mass of XCI3 = 13.233 g - 8.729 g = 4.504
4.504 g

2 Cl's
mass of Cl in XCI5 = 5 Cl’s X = 11.26gCl

mass ofX in XCI5 = 13.233 g-11.26g= 1.973 g X
1 mol Cl

11.26gClx = 0.3176 mol Cl
35.45 g Cl

1 mol X
0.3176 mol Clx = 0.063 52 mol X

5 mol Cl

1.973 g Xmolar mass ofX = = 31.1 g/mol; atomic weight =31.1, x = p
0.063 52 mol X

3.119 PCI3, 137.33; PCI5, 208.24

Let Y = mass of PCI3 in the mixture, and (10.00 -Y) = mass of PCI5 in the mixture,

fraction Cl iopcij.-
137.33 g/mol

fraction Cl inPCI,. (ą(35٠453 g/mol) ...85] 25
208.24 gZmol

(mass of Cl in PCI3) t (mass of Cl in PClj) = mass of Cl in the mixture
0.774 48Υ t 0.851 25(10.00 g-Y) = (0.8104)(10.00 g)
Y = 5.32 g PCI3 and 10.00 _Y = 4.68 g PCI5

= 0.774 48

3.120 ΝΗ4ΝΟ3, 80.04; ^H^jHPO^, 132.06
Assume you have a 100.0 g sample of the mixture.
Let X = grams of ΝΗ4ΝΟ3 and (100.0 -x) = grams ^
Both compounds contain 2 iritrogen atoms per formula unit.
Because the mass 0/0 N In the sample is 30.43٥/o, the 100.0 g sample contains 30.43 g N.

ImolN^NO
80.04 g

mol ^Η)2ΗΡθ4= (lOO.O-X)x

4.

3
mol ΝΗ4ΝΟ3 = (X) X

0Imol?لآ2)4لآس  4

132 .06g

lOO.O-X)x ) ؛. ImolNHaNO4؛)٠ Imol (ΝΗ4>2ΗΡ043mass N = (X)x
80.04 g
2molN

132.06 g

( )-( 114.0067gN = 30.43
1 mol ammonium cmpds ImolN

Solve for X.

( ٠)

X ^ 100.0-Χ
132.06

^ 100.0-Χ
132.06

ا30.4380.04 =(14.0067)(2) )

X
= 1.08627

80.04

(80.04()100.0-χ )(132.06؛)(Χ) = 1.08627
(80.04)(132.06)
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(132.06)(χ) t (100.0 - χ)(80.04) = (1.08627)(80.04)(132.06)
132.06Χ t 8004 - 80.04Χ = 11481.96
132.06Χ-80.04Χ= 11481.96-8004
52.02Χ = 3477.96

3477.96
52.02

(100.0-χ) = (100.0 - 66.86) = 33.14 g
mass

X 66.86gNH4N03

66ΝΗ .86g4ΝΟ3 2.018
33.14gmass

(ΝΗ4)2ΗΡ٥4

The mass ratio of ΝΗ4ΝΟ3 to 0 ?اا2)بي1ل 04 in the mixture is 2 tol.

3.121 МазСОз ٠ CƠ2؛ ХагСОз, 106؛ Na2٥, 62
СаСОз ^ Ca ٥ ؛  CƠ2; СаСОз, 100؛ CaO, 56
In а 0.35 kg sample of glass there would be:

0.12Χ 0.35 kg = 0.042 kg = 42 g of Na^o
0.13 X 0.35 kg = 0.045 kg = 45g ofCaO
350 g - 42 g - 45 g = 263 g of SİO2

!06gNa2CO3lmolNa2C03lmolNa20

62 g N320
= 72gNa2COmass ХззСОз = 42 g №0ت X X X 3

1 mol N320 1 mol N^co^
ImolCaCOj lOOgCaCO

56gCaO 1 mol CaO ImolCaCO

To make 0.35 kg of glass, start with 72 g N32003, 80 g СаСОз, and 263 g SİO2.

1 mol CaO 33
= 80mass СаСОз = 45 g CaO X

3
gCaCO3

3.122 (a) 56.0 mT = 0.0560 T

( )

1 mol
= 0.00250 mol X,mol Xj = (0.0560 ΤΧ2)

1.12 g ΜΧ2 - 0.720 g MX = 0.40 g Χ2
0.40 g

0.00250 mol
atomic weight ofX= 160/2 = 80؛

mass X2

160g/molmolar mass Xi =2

Xis Br.

2 mol MX = 0.00500 mol MX(b) mol MX = 0.00250 mol Χ2Χ 1 mol X.

80gX
1 mol MX ImolX
ImolX

=X  0.40gXmass of X in MX = 0.00500 mol MX X

mass ofM in MX = 0.720 gMX-0.40 gX = 0.32 g M

64 g/mol
0.32molar mass M =

0 .00500 mol
atomic weight of X = 64؛ M is Си.
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3.123 23.46 mg = 0.023 46 g; 20.42 mg = 0.02042 g; 33.27 mg = 0.033 27 g
1 mol CO 1 mol C2 7.560 X 10-4moie0.033 27gC02X X

44.01 gCO
Imol HO

2

2

Imol CO2

2molH = 2.266 X 10-3 molH0.020 42gH20x X

18.02gH2O
12.01 gC =
ImolC

l.OOSgH
1 mol H

=

=

Imol HO2

7.560 X 104moie X  0.009 080 gC

2.266 X 10-3 molHx  0.002 284 gH

0.002 284 g) = 0.012 lOgO  ؛mass 0 = 0.023 46 g- (0.009 080 g

= 7.563 x 10-4 moloImolO
0.012 lOgOx

le.oogO
Scale each mol quantity to eliminate exponents.
Со,75боН2.2ббОо.75йз؛ divide each subscript by the smallest, 0.7560.

0.7560 / 0.7560 ال2.266/  0.7560.0.7563/  0.7560

The empirical formula is СН3О, 31.0.
62.0/31.0 = 2; molecularfol'mula = C(2xi)H(2x3)0(2xi) = СгИОз

C

1 mol HO2 2 mol H
3.124 (a) 0.138gH2Ox = 0.0153 molHX

18.0 g Η,ο 1 mol Η,ο
1 mol CO 1 mol c

1.617gC02X = 0.0368 moicX
44.0 g CO

1.01 g H
1  luol H

1 mol CO2 2

0.0153 molHx = 0.0i6gH

12.0 g c0.0368 molCx = 0.442 gC1 mol c

1.0 g total - (0.016 g H + 0.442 g c) = 0.542 g Cl

0.542 g Cl X
1 mol Cl = 0.0153 mol Cl
35 .5 g Cl

CI0.0153; divide each subscript by the smallest, 0.0153.0.0153٠0.036لا؟

0.0368',0.0153إإ0.0!53/0.0اإ^0.0153/0.015335

C2.5HCI
Multiply each subscript by 2 to get all integer subscripts.

8ا3اظ؛'ةك)ةةرلمذةةعاً  C5H2CI2, 133.0.
(b) 326.26/133.0 = 2.45 = 2.5; molecular formula  = c(25x5)H(2 5x2)Cl
(c) No, because Cl does not form a useful oxide, so both 0 and Cl would have to be obtained
by mass difference but that is impossible. You can only determine one element by mass
difference.

c ClH

CjzHCi(2 .5 5
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