3.1

3:3

34

3.5

37

3.8

Mass Relationships
in Chemical Reactions

3A,+ 2B -+ 2BA,

reactants, box (d), and products, box (c)

4 NH;+ Cl, = N,H, + 2 NH,Cl

8 KCIO,; + C;H50;5 =~ §KCl + 12C0; + 11 O
H,SO, 2(1.01)+ 1(32.07) + 4(16.00) = 98.1

sucrose, C,H,,0,, 12(12.01) +22(1.01) + 11(16.00) = 342.3
molar mass = 342.3 g/mol

NaHCO,, 84.0
1 mol NaHCO,

5.26 g NaHCO, x =0.0626 mol NaHCO,
84.0 g NaHCO,

glucose, C;H,,0,, 180.0

(a) 0.0833 mol glucose x B0 0 ggcoss. 15.0 g glucose

1 mol glucose
1 glucose tablet
3.75 g glucose

(b) 15.0 g glucose x =4 glucose tablets

6.022 x 10% glucose molecules

(c) 0.0833 mol glucose x = 5.02 x 10* glucose molecules

1 mol glucose

salicylic acid, C,H,O,, 138.1; acetic anhydride, C,H,0O,, 102.1
lmolC;HO, 1melCHO, 102.1gCHO
X X

4.50 g C,H,0; x 1% 3 =333 9CHO0;
138.1gC.HO; 1molC.HO, 1molCHO,
salicylic acid, C,H,0O,, 138.1; acetic anhydride, C,H,O5, 102.1
aspirin, C4H,O,, 180.2; acetic acid, CH,CO,H, 60.1
1m0l C.H.O 1 mol C.HO, . 138.1gC.H.O
(@) 10.0 g C,H,0, x L pie -l 176 =7.66 g C,H,0,

180.2 g C,H,0, 1 mol C,H,0, 1 mol C,HO,

1 mol C;H,O,  1mol CH,CO,H 60.1 g CH,CO,H
X X

(b) 10.0 g C;H,O, x
180.2 g C,H,O, 1 mol C;H,O, 1 mol CH,CO,H

=3.34 g CH,CO,H
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311 CH, 28.1; CH,0,46.1 &
lmolC,H, 1molCHO 46.1gCHO
4.6g CH, x X X =17.5gCHO
28.1gC)H, 1 mol C,H, 1 mol C,H,O (theoretical yield)
Percent yield = —Acmal yield 15000 = 478 | 100% = 63%
Theoretical yield 75g

3.12 CH0,46.1; CH,0,74.1
ImolCHO 1molCH,O0O 741gCH O

28 x 4 10° x 840 391 g C,H,;0
46.1gC,HO  2mol C,H,O 1 mol C,H,,0 (theoretical yield)
actual yield = (32.1 g)(0.870) =27.9 g C,;H,,0

(a) 40.0 g C,H,0 x

(b) 100.0 g = (theoretical yield)(0.870)
theoretical yield = 100.0 g/0.870=115 g C,H,,0

1 molC,H,,O 2molC,HO  46.1gC,HO
115gCH,,0 x

X X =143 g C,H,O
741gCH,,0 1molCH, O 1molCHO

3.13 (a) A+ B, > AB,
There is a 1:1 stoichiometry between the two reactants. A is the limiting reactant because

there are fewer reactant A's than there are reactant B,'s. -
(b) 1.0 mol of AB, can be made from 1.0 mol of A and 1.0 mol of B,.

3.14
00
o

(a)
-> 220

0 o
220

B, is in excess, AB is the limiting reactant.

3.15 Lij,0,29.9: 65kg=65,000g;, H,O, 18.0: 80.0 kg=280,000g; LiOH,23.9

. 1 mol Li,O s .
(a) 65,000 g Li,0 x ————=— =2.17x 10" mol Li,0
29.9¢gLi,0

1 mol H,0
18.0gH,0

The reaction stoichiometry between Li,0 and H,O is one to one. There are twice as many N
moles of H,O as there are moles of Li,O. Therefore, Li,O is the limiting reactant.

80,000 g H,0 x = 4.44 x 10° mol H,0
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3.16

3.17

3.18

3.19

(b) (4.44 x 10° mol - 2.17 x 10° mol) = 2.27 x 10°* mol H,0 remaining

18.0gH,0
——=— =40,860 g H,0 =40.9 kg =41 kg H,0
1 mol H,0

2.27 x 10’ mol H,0 x
LiHCO,, 68.0; LiOH, 23.9
1 mol LiHCO i i
500.0 g LIHCO, : 3« 1 mol ]:_,10H X 239¢ L}OH
68.0gLiHCO,  1mol LiHCO;  1mol LiOH

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

=175.7 g LiOH

Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample contains
14.25 g C, 56.93 g O, and 28.83 g Mg.

1425gCx —2UC 1 19molcC

12.011gC

1 mol O

15.999¢g0
28.83 g Mg x —molMg
24305 gMg
Mg, 19C, 1605 5; divide each subscript by the smallest, 1.19.

Mg1.19/1.19C 119/ 11903567 119
The empirical formula is MgCO,.

5693 gOx =3.56 mol O

=1.19 mol Mg

glucose, C;H,,04, 180.0

Divide each subscript by the smallest, 6, to get the empirical formula.
Co/6H12/606/6

The empirical formula is CH,0.

Percent composition:

%C =9%1208 10000 =40.0%

180.0 g
o%H = 12XL018 1600, =679
180.0 g
%0 = 521608 1000, =5339
180.0 g
1 mol H,O
1161 g H,0 x B0 ¢ 2molH 00 ol H
18.0 g H,O 1 mol H,0
1 mol CO
2.818 g CO, x 2 o LmolC 4 0640 mol C
44.0 g CO, 1 mol CO,
0.129molHx 10 8H 9305 p
1 mol
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3.20

3.21

3.22

44

120g C
1 mo
1.00 g total = (0.130 g H+ 0.768 g C)=0.102 g O

0.102g0x 12O _ 006 38 mol O
160 g O

Co.0640H0.12900.006 355 divide each subscript by the smallest, 0.006 38.

C0.0640/ 0.006 38H0.129 /0.006 3800.006 38/0.006 38
C10.03H20.220|

The empirical formula is C,,H,,0.

0.0640 mol C x =0.768 g C

1 mol H,O . 2 mol H

180 g H,LO 1 mol H,0
I mol €O, 1molC
44.0 g CO, 1 mol CO,
Co.0352Ho o774 divide each subscript by the smaller, 0.0352.

C0.0352 / 0.0352H0.0774 /0.0352

CH,

The empirical formula is CH,, 14.0.

142.0/14.0 = 10.1 = 10; molecular formula = C,, 1yH0 ) = CioHzo

=0.0774 mol H

0.697 g H,0x

1.55 g CO, x =0.0352 mol C

The empirical formula is C;H;, 77.0.

The peak with the largest mass in the mass spectrum occurs near a mass of 154, which
would be the molecular weight of the compound.

154/77.0 =2; molecular formula = C, ,6H; 5= C;Hyo

1 mol HZO 2 mol H

0.57gH,0x X =0.063 mol H

18.0 g H,O 1 mol H,0

1 mol CO
279 COx —o ~2 y 1mOLC 4563 001C

440 g CO, = 1 mol CO,
0063mol Hx 101 8H o063, 0.063molcx 1298C —p76gc

1 mol H 1 mol C
1.00 g total - (0.063 gH+0.76 gC)=0.18 g N
0.18gNx LN _ 6613 molN
140 g N

Coos3Ho063No013; divide each subscript by the smallest, 0.013.

CO.063 / 0.013H0.063 / 0.013N0.0l3 /0.013

C4.85H4.85N
The empirical formula is C;H;N, 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 formula and
molecular formula are the same.
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3.23

3.24

3.25

3.26

3.27

(b) Design safer chemical products and processes that reduce or eliminate the generation

of hazardous substances.

(a) percent yield (b) percent atom economy

(a) Reaction 1 has the higher % atom economy because all reactant atoms are used.
(b) xn1: C,H, + Cl, = C,H/CI,

There are no undesired products, therefore the % Atom Economy = 100%.

rxn2: CH,Cl + Brr - CH,Br + CI’

Reactants: Desired Product:
1 C=(1)(12.0)=12.0 1C=(1)(12.0)=12.0
3H=(3)(1.0)=3.0 3H=(3)(1.0)=3.0
1 Cl=(1)(35.5)=35.5 1 Br=(1)(80.0) = 80.0
1 Br=(1)(80.0) = 80.0 2=93.0
x=130.5
% Atom Economy — Z Atomic Welght(atoms in desired product) _ 93.0 x 100 =71%
2 Atomic Weight 130.5

(atoms in all reactants)

(a) C,H,0, 60.1; C,H,, 42.1
1 mol C,H,0

23.50 g C,H,0 x
60.1 g C,;H,0

= 0.39 mol C,H,0

theoretical yield = (0.39 mol CsHSO)( 1 mol C,H, J( 42.1 g C,H,

=16.4 g C;H,
1 mol C,H;O J{ 1 mol C;H,

percent yield = actue}l ylel.cl x 100% = 10158 x 100% =61.9%
theoretical yield 164 ¢
(b) C;HO » CHg + H,0
Reactants: Desired Product:
3C=(3)(12.0)=36.0 3C=(3)(12.0)=36.0
8H=(8)(1.0)=8.0 6 H=(6)(1.0)=6.0
1 0=(1)(16.0)=16.0 2=42.0
2=60.0
% Atom Ec onomy = Z Atomic Weight(atoms in desired product) _ 42.0 x 100 =70%
Z Atomic welght(atoms in all reactants)

(a) Ibuprofen, C,;H,;0,
(b) (13 x 12.0) + (18 x 1.0) + (2 x 16.0) = 206.0

© %C = %ﬁ x 100% =75.7%
0g
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3.28

%y = 18%x10lg 1600, =5.8%
2060
%0 = 2X1608 . 1009 =15.5%
2060 g
@ 4molHx L9280 _40.p
1 molH
2mol Cx 1298C _240gc
1mol C
2molox 18989 _ 3050
1mol O

40g+24.0g+32.0g=600g
(b) Ibuprofen, C,;H,;0,, 206.0

mass Ibuprofen = 30 x 10° 1bs x kg  1000g _; 44100 g Ibuprofen
2.20 lbs 1 kg
1 mol Ibuprofen

mol Ibuprofen = 1.4 x 10'° g Ibuprofen x =6.6 x 107 mol Ibuprofen

206.0 g Ibuprofen
60.0 g waste X lkg

(c) 6.6 x 107 mol Ibuprofen x
1 mol Ibuprofen 1000 g

= 4.0 x 10° kg waste

Conceptual Problems

3.29

3.30

3.31

3.32

3.33

46

(c) 2A + B, - A,B,
2AB, - A, + 4A,B
C,H,F;NO  17(12.01) + 18(1.01) + 3(19.00) + 1(14.01) + 1(16.00) = 309.36

(a) A, + 3B, = 2 AB,; B, is the limiting reactant because it is completely consumed.
(b) For 1.0 mol of A,, 3.0 mol of B, are required. Because only 1.0 mol of B, is
available, B, is the limiting reactant.

2 mol AB
e s /3 mol AB,

1 mol B, x
3 mol B

2

C,H,NO,S, 121.2

%C = 3X1208 1009 = 29.7%
1212¢

%H = L*1018 o 1000 = 5.83%
212g

ooN =1%1408 15000 = 11.6%

1212¢
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3.34

3.35

%0 = 2%X1608 . 1009 = 26.4%
212g
1 x321g

212¢

%S = x 100% = 26.5%

The molecular formula for cytosine is C,H;N,0.

4c  1CO,
mol CO, = 0.001 mol cyt x _yt X C = 0.004 mol CO,
c

1H,0
mol H,O = 0.001 mol cyt x 2k x —2

= 0.0025 mol H,0
cyt

0)
CH, 3 3 CO, + 4 H,0; x is equal to the coefficient for CO, and y is equal to 2 times

the coefficient for H,0. The empirical formula for the hydrocarbon is C;H,.

Section Problems
Balancing Equations (Section 3.2)

3.36

3.37

3.38

3.39

3.40

3.41

3.42

Equation (b) is balanced, (a) is not balanced.

(a) and (c) are not balanced, (b) is balanced.
(a) 2 Al + Fe,0, » ALO,; + 2Fe (balanced)
(c) 4 Au+8NaCN + 0, +2H,0 » 4 NaAu(CN), + 4 NaOH (balanced)

(@ Mg + 2HNO; —~ H, + Mg(NOy),
(b) CaC, + 2H,0 — Ca(OH), + C,H,
() 2S + 30, - 280,

(d) UO, + 4HF — UF, + 2H,0

(@ 2NH,NO, - 2N, + O, + 4H,0
(b) C,HO + 0, - CH,0, + H,0
(©) GHN, + 2N,0, = 3N, + 2CO, + 4H,0

(a) SiCl, + 2H,0 - Si0, + 4 HCl
(b) P,0,, + 6H,0 —~ 4H,PO,

(c) CaCN, + 3H,0 — CaCO, + 2NH,
) 3NO, + H,0 — 2HNO, + NO

(a) VCL, + 3Na + 6CO — V(CO), + 3 NaCl
(b) Rul, + 5CO + 3Ag — Ru(CO), +3Agl
(c) 2CoS + 8CO + 4Cu — Co,(CO), + 2 Cu,S

(a) 4 CHNO,+290, - 24 CO,+ 10 H,0 + 4 NO,
(b) 2 Au+6 H,Se0, > Auy(Se0,); + 3 H,SeO, + 3 H,0
() 6 NH,CIO, + 8 Al » 4 ALO, + 3N, + 3 CL,+ 12 H,0
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343 (a) CONH,),(aq) + 6 HOCl(aq) ~ 2 NCly(aq) + CO,(aq) + 5 H,0(l)
(b) 2 Cay(PO,),(s) + 6 SiO,(s) + 10 C(s) = P,(g) + 6 CaSiOy(l) + 10 CO(g)

Molecular Weights and Molar Mass (Section 3.3)

344 (a) Hg,Cly: 2(200.59) + 2(35.45) = 472.1
(b) C,Hg0,: 4(12.01) + 8(1.01) + 2(16.00) = 88.1
(c) CF,Cly: 1(12.01) + 2(19.00) + 2(35.45) = 120.9

345 (a) (1x30.97)+(Y x35.45)=137.3; SolveforY; Y=3.
The formula is PCl,.
(b) (10x12.01)+ (14 x 1.008) + (Z x 14.01)=162.2
Solve for Z; Z =2. The formula is C,(H;,N,.

346 (a) CyHyFN,O4: 33(12.01) +35(1.01) + 1(19.00) + 2(14.01) + 5(16.00) = 558.7
(b) C,H,F;0,S: 22(12.01) + 27(1.01) + 3(19.00) + 4(16.00) + 1(32.06) = 444.5
(c) CyH,CINO,S: 16(12.01) + 16(1.01) + 1(35.45) + 1(14.01) + 2(16.00) + 1(32.06) = 321.8

347 (a) CH,CLO,: 6(12.01) + 6(1.01) + 2(35.45) + 3(16.00) = 197.0
(b) C,sH,CINO,: 15(12.01) + 22(1.01) + 1(35.45) + 1(14.01) + 2(16.00) = 283.8
(c) CgHyCLO,: 8(12.01) + 6(1.01) + 2(35.45) + 3(16.00) = 221.0

3.48 One mole equals the atomic weight or molecular weight in grams.
(a) Ti,47.87 g (b) Br,, 159.81 g (c) Hg, 200.59 g (d)H,0, 18.02 g

1 mol Cr

52.0gCr
1 mol Cl,
(b) 1.00gCl, x ——
70.9 g Cl,

() 1.00gAu x —LmolAu
197.0g Au

1 mol NH,
17.0 gNH,

349 (a) 1.00gCr x = 0.0192 mol Cr
= 0.0141 mol Cl,
= (0.005 08 mol Au

(d) 1.00gNH, x = 0.0588 mol NH,

3.50 There are 3 ions (one Mg?* and 2 CI") per formula unit of MgCl,.
MgCl,, 95.2

27.5 g MgCl, x

1 mol MgCl, L 3 mol ions
95.2 g MgCl, 1 mol MgCl,

= (.867 mol ions

3.51 There are 3 F~ anions per formula unit of AlF,.

AlF;, 84.0
1 mol AIF .
35.6 g AlIF, x 3 . 3 mol anions

X =1.27mol F~
84.0 g AIF, 1 mol AIF,
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3.52

3.53

3.54

3.55

3.56

3.57

3.58

3.59

Molar mass = _328g _ 119 g/mol; molecular weight = 119.
0.0275 mol
Molar mass = _2216g _ 386.7 g/mol; molecular weight = 386.7.
0.5731 mol
FeSO,, 151.9; 300 mg=0.300 g
1 mol FeSO,
0.300gFeSO, x ——  — =197 x 1073 mol FeSO,

151.9 g FeSO,

6.022 x 107 Fe(Il) atoms

1.97 x 107 mol FeSO, x = 1.19 x 10%! Fe(II) atoms

1 mol FeSO,
23
0.0001 gCx ImolC  6.02x 107 Catoms _ 5x 10" C atoms
120gC 1 mol C

CeH,(N,O,, 194.2; 125mg=10.125¢g
0.125 g caffeine x 1 mol caffen.le = 6.44 x 10~ mol caffeine
194.2 g caffeine

1 mol caffeine X 6.022 x 10* molecules
194.2 g caffeine 1 mol

= 3,88 x 10% caffeine molecules

0.125 g caffeine x

23.0gNa
1 mol Na
207.2gPb

1 mol Pb
(¢) C,(H;;CIN,0, 284.7

0.0015 mol diazepam x

(a) 0.0015 mol Na x = 0.034 gNa

(b) 0.0015 mol Pb x = 0.31gPb

284.7 g diazepam

- = 0.43 g diazepam
1 mol diazepam

By definition, 6.022 x 10 particles are 1.000 mole of particles.
mol Ar = 0.2500 mol and mol “other” = 0.7500 mol

mass Ar = 0.2500 mol Arx 2222 8 AT _ 9994 A
1 mol Ar

mass “other” = total mass — mass Ar =25.12 g - 9.99 g = 15.13 g “other”

15.13 g "other =20.17 g/mol
0.7500 mol "other"

The “other” element is neon (Ne).

molar mass “other” =

He, 4.00; Kr, 83.80; By definition, 6.022 x 10 particles are 1.000 mole of particles.
mass of 6.022 x 10? particles = (0.30)(4.00 g He) + (0.70)(83.80 g Ar)=60 g

6.022 x 10 particles

= 1.1 x 10* particles
60 g

number of particles in sample = 107.75 g x
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79.87 kg TiO
360 TiO, 79.87; 100.0kgTi x ———2> 2 = 166.8 kg TiO,
47.87kg Ti
361 Fe,0,159.7; %Fe = 20985800Fe 15500 — 69,049

159.7 g Fe, 0,
mass Fe = (0.6994)(105 kg) = 73.4 kg

Stoichiometry (Section 3.4)

3.62 (a) 2Fe,0, + 3C - 4Fe + 3CO,
1 mol F6203 3 mol C
X

(b) Fe,0,,159.7; 525 g Fe,0; x =4.93 mol C
159.7gFe,0, =~ 2mol Fe,0,
(©) 493 mol Cx 12918C _ 595,
Imol C
3.63 (a) Fe,0, + 3CO — 2Fe + 3CO,
(b) Fe,0,, 159.7; CO, 28.01
1 mol Fe,O
3.02 g Fe,0, x 273y 3molCO  2801gCO _ 59,00
159.7gFe,0, 1molFe,0, 1 mol CO
(¢) 1.68 molFe,0, x —mACO_, 28018€CO _ 41,0
1 mol Fe, O, 1 mol CO
3.64 (a) 2Mg + O, » 2 MgO
(b) Mg, 24.30; O,, 32.00; MgO, 40.30
1 mol O 32.00g0
25.0 g Mg x LmoIMe 2y 52 ~165g0,
2430gMg 2 mol Mg 1 mol O,
25.0 g Mg x 1 mol Mg X 2 mol MgO X 40.30 g MgO =41.5 g MgO
24.30 g Mg 2 mol Mg 1 mol MgO
1 mol O
©) 25020, x 2 y 2molMg  24.30gMg _ 3500
32.00g0, 1 mol O, 1 mol Mg
1 mol O
25020, x - 2 mol MgO X 40.30 g MgO _ 63.0 g MgO

32.00g0, 1 mol O, 1 mol MgO

3.65 CH, + HO - CH,0; CH, 28.05; H,0, 18.02; C,H,0, 46.07

ImolC,H, 28.05gCH,
(a) 0.133mol H,0 x X =3.73gC,H,
1 mol H,0 1 mol C,H,

1molC,HO  46.07¢gC,H,O
X
1 mol H,0 1 mol C,H.O

0.133 mol H,0 x =6.13gC,HO
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1 mol H,O . 18.02 g H,0
1 mol C,H, 1 mol H,0
1 mol C,HO < 46.07 g C,H,O
1 mol C,H, 1 mol C,H,O

(b) 0.371 mol C,H, x = 6.69 g H,0

0.371mol C,H, x =17.1gCHO

3.66 (a) 2HgO —» 2Hg + O,
(b) HgO, 216.6; Hg, 200.6; O,, 32.0
45.5 g HgO x 1 mol HgO % 2mol Hg X 200.6 gHg _ 42.1 g Hg
216.6 gHgO 2 mol HgO 1 mol Hg
1 mol HgO 1mol O, 32.00g0,

X X
216.6 gHgO 2 mol HgO 1 mol O,

1 molO, _ 2mol HgO . 216.6 gHgO
32,000, 1 mol O, 1 mol HgO

45.5 g HgO x =3.36g 0,

(c) 333g0, x =451 g HgO

3.67 5.60 kg = 5600 g; TiCl,, 189.7; TiO,, 79.87
Imol TiCl, 1molTiO, 79.87gTiO,

5600 g TiCl, x - X - X -
189.7¢TiCl, 1 mol TiCl, 1 mol TiO,

368 200gAg x ~MOLAB _ 40185 mol Ag; 0.657gCl x —LMOLEL _ 46185 mol C

1079 g Ag 3545gCl
Ago.0155Clo 01555 divide both subscripts by 0.0185. The empirical formula is AgCl.

1 mol O

1 mol Al > =028 mol 0

369 5.0gAlx —B22 —0.19 mol Al; 445g O x
27.0 g Al 16.0

Al 150,,3; divide both subscripts by the smaller, 0.19.

AlO.l9 / 0.1900.28 /0.19
Al O, 5; multiply both subscripts by 2 to obtain integers.

The empirical formula is Al,O,.

3.70 N,H,, 32.05; I,,253.8; HI, 127.9
1 mol N,H, 2 mol I, 2538 g 1,

(a) 36.7gN,H, x X X
3205 g N,H, 1 mol N,H, ~ 1 moll
1 mol N,H, o _4mol HI _ 1279 g HI
32.05 g NJH, 1 mol NH, 1 mol HI

=581gl,

(b) 115.7gN,H, x =1847 gHI

3.71 H,S, 34.08; 1,,253.8; HI, 127.9
1 mol H,S 1 mol 1, 2538 g I,
(a) 49.2gH,Sx

X X
3408 g H,S 1 mol H,S 1 mol I,

=366 g1,
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1 mol H,S . 2mol HI _ 127.9 g HI

(b) 954 gH,Sx
3408 g H,S 1 mol H,S 1 mol HI

=716 g HI

Reaction Yield and Limiting Reactants (Sections 3.5-3.6)

3.72 H,S0,, 98.08; NiCO,, 118.7; NiSO,, 154.8

. 1 mol NiCO, 1 mol H,SO, 98.08 g H,SO,
(a) 14.5 g NiCO; x - X - X
118.7 g NiCO; 1 mol NiCO, 1 mol H,SO,

, 1 mol NiCO, 1 mol NiSO, 154.8 g NiSO,
(b) 14.5 g NiCO, x

X X
118.7 g NiCO; 1 mol NiCO, 1 mol NiSO,

3.73 0,,32.00; N,, 28.01; N,H,, 32.05
1 mol N H, 1 mol O, 32.00 g O,
(a) 50.0gN,H, x

X X

3205 g N,H, 1 mol N,H, 1 mol O,

1 mol N,H, 1 mol N, 28.01 g N,
X X

32.05 g NJH, 1 mol N,H, 1 mol N,

x 0.855

(b) 50.0 g N,H, x

3mol H, ]
3.74 3.44 molN, x ————= =10.3 mol H, required.
I molN,

Because there is only 1.39 mol H,, H, is the limiting reactant.
2molNH, 17.03 gNH,
=15.8 g NH,

X
3mol H, 1 mol NH,
ImolN, 28.01gN,

1.39 mol H, x

1.39mol H, x X =13.0 g N, reacted
3mol H, 1 molN,
28.01 gN, .
3.44 mol N, x ——————= =96.3 g N, initially
1 mol N,

(96.3 g—13.0 g) =83.3 g N, left over

3.75 H,, 2.016; Cl,, 70.91; HCI 36.46

1 mol H,
356gH, x ———— = 1.77mol H,
2.016gH,
1 mol CI,
894gCl, x ————— = 0.126 mol Cl,
70.91 g Cl,

=12.0 g H,S0,

x 0.789 =14.9 g NiSO,

=499¢0,

=374¢gN,

Because the reaction stoichiometry between H, and Cl, is one to one, Cl, is the limiting

reactant.

0.126 mol Cl, x 2 mol HCI X 36.46 g HCI1

= 9.19 g HCI
1molCl, = 1mol HCI
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3.82

3.83

3.84

1 mol Pt(NH,),Cl,  300.0 g Pt(NH,),Cl,
X
1molK,PtCl, ~ 1mol Pt(NH,),Cl,

40.2 g Pt(NH,),Cl, is the theoretical yield.
Actual yield = (40.2 g)(0.95) = 38 g Pt(NH,),CL,

0.134 mol K,PtCl, x =40.2 g Pt(NH,),Cl,

CH,CO,H + C,H,,0 » CH,,0, + H,0
CH,CO,H, 60.05; C,H,,0, 88.15; C,H,,0,, 130.19

1 mol CH,CO,H
1.87 g CH,CO,H x =0.0311 mol CH,CO,H
60.05 g CH,CO,H

1molC,H,,0
88.15gC,H,,0
Because the reaction stoichiometry between CH,CO,H and C,H,,0 is one to one,
isopentyl alcohol (C;H,,0) is the limiting reactant.
1molC.H,,0, 130.19gCH,,0,
0.0262 mol C;H,,0 x X
1 mol C,H,0 1 mol C.H,,0,

3.41 g C;H,,0, is the theoretical yield.
296¢g

% Yield= —Actualyield  a000 = 2968 1009 = 86.8%
Theoretical yield 341¢g

2.31 g CH,,0 x = 0.0262 mol C,H,,0

=3.41 g C,H,0,

KPiCl, + 2NH, — 2KCl + PyNH,),Cl,
K,PtCl,, 415.1; NH,, 17.03; Pt(NH,),CL, 300.0

1 mol K,PtCl,
3.42 g K,PtCl, x = 0.008 24 mol K,PtCl,
415.1 g K,PtCl,
1 mol NH,
1.61 g NH; x ———— =0.0945 mol NH,
17.03 g NH,

Only 2 x (0.008 24) = 0.0165 mol of NH, are needed to react with 0.008 24 mol K,PtCl,.
Therefore, the NH; is in excess and K,PtCl, is the limiting reactant.

I mol PtNH,).,Cl, 3000 g Pt(NH.),Cl
0.008 24 mol K,PtCl, x M), g PUNH,),Cly
I mol K,PtCl, 1 mol PNH,),CL,

2.47 g Pt(NH;),Cl, is the theoretical yield. 2.08 g Pt(NH,),Cl, is the actual yield.

% Yield = __Actual yield 500, _ ;_.ZS_g x 100% = 84.2%

Theoretical yield 47 g

=2.47 g Pt(NH,),Cl,

WCl, 396.6; WCl,,, 1528
(a) 6 WC,+8Bi > W,Cl,, + 8 BiCl,

1 mol WCI ; i
(b) 150.0 g WCl, x 6 8 mol Bi X 209.0 g B:l
396.6 g WCl, 6 mol WCI, 1 mol Bi

(¢) Compute the theoretical yield for W,Cl,, from each reactant to determine the limiting
reactant.

=105.4 g Bi
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3.85

1 mol WCI, . 1 mol W,CI, . 1528 g W.Cl,,
396.6 g WCI, 6 mol WCl, 1 mol W.Cl,,
1 mol Bi . 1 mol W,CI,, . 1528 g W.Cl,
209.0 g Bi 8 mol Bi 1 mol W,CI,,

The smaller theoretical yield (146 g) means that WCl; is the limiting reactant and 146 g
W;Cl,, are produced.

228 g WCl, x =146 g W,Cl,,

=160 g W,Cl,,

175 g Bi x

NaH, 24.00; B,H,, 27.67; NaBH,, 37.83
(a) 2NaH + B,H, - 2 NaBH,

8.55 g NaH x L DOL NaH _ 4 356 101 NaH
24.00 g NaH
1 mol B,H

6.75 g B,H, x —— 26 = 0,244 mol B,H,
2767 g B,H,

For 0.244 mol B,H;, 2 x (0.244) = 0.488 mol NaH are needed. Because only 0.356 mol
of NaH is available, NaH is the limiting reactant.

2 mol NaBH, 37.83 g NaBH,
0.356 mol NaH x

2 mol NaH 1 mol NaBH,
1 mol B,H, . 27.67 g B,H,
2 mol NaH 1 mol B,H,
B,H, left over =6.75 g - 4.93 g =1.82 g B,H,

=13.5 g NaBH, produced

(b) 0.356 mol NaH x =4.93 g B,H, reacted

Percent Composition and Empirical Formulas (Section 3.7)

3.86

3.87

56

CH,N,0, 60.1
%C = 1298C L 100% = 20.0%
60.1 g
ooy = 2xLO1gH 15000 = 6.72%
60.1g
%N = 2% 1408N 10000 = 46.6%
60.1g
%0 = 10080 o 100% = 26.6%
60.1g

(a) Cu,(OH),CO,, 221.1
_2x635gCu

% Cu= 2X63:58CU 16004 = 57.4%
2ilg
9% 0=2%16080 . 1600 =36.2%
2ilg
_ 12.0gC

%C x 100% = 5.43%

21.1g
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3.76

3.77

C,H,, 28.05; Cl,, 70.91; C,H,Cl,, 98.96

1 mol C,H,
28.05gC,H,

1 mol Cl,
70.91 ¢ Cl,

Because the reaction stoichiometry between C,H, and Cl, is one to one, Cl, is the limiting
reactant.

374g Cl, x =0.0527 mol Cl,

1mol C,H,Cl, 98.96gC,H,Cl,

0.0527 mol Cl, x X
1 mol Cl, 1 mol C,H,Cl,

=522 g CH,CL

(a) NaCl, 58.44; AgNO;, 169.9; AgCl, 143.3; NaNO,, 85.00
NaCl + AgNO, — AgCl + NaNO,

1.3 gNaCl x _1 molNaCl _ 0.022 mol NaCl
58.44 g NaCl

1 mol AgNO,
169.9 g AgNO,

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

0.021 mol AgNO, x

3.5g AgNO,; x =0.021 mol AgNO,

1 mol AgCl X 143.3 g AgCl
1 mol AgNO, 1 mol AgCl

1 molNaNO,  85.00 g NaNO,
X
1 mol AgNO, 1 mol NaNO,

1 mol NaCl % 58.44 g NaCl
1 mol AgNO, 1 mol NaCl
(1.3 g-1.2g)=0.1 g NaCl left over

(b) BaCl,, 208.2; H,SO,, 98.08; BaSO,, 233.4; HC, 36.46
BaCl, + H,S0, - BaSO, + 2 HCI

=3.0g AgCl

0.021 mol AgNO, x = 1.8 g NaNO,

0.021 mol AgNO; x = 1.2 g NaCl reacted

1 mol BaCl2
2.65 g BaCl, x —————= =0.0127 mol BaCl,
208.2 g BaCl,
1 mol H,SO,
6.78 g H,SO, x =0.0691 mol H,SO,
98.08 g H,SO,

Because the reaction stoichiometry between BaCl, and H,SO, is one to one, BaCl, is the
limiting reactant.

1 mol BaSO,  233.4 gBaSO,
0.0127 mol BaCl, x

X
1 mol BaCl2 1 mol BaSO,

2 mol HCI X 36.46 g HCl
1 mol BaCl, 1 mol HCI

=2.96 g BaSO,

0.0127 mol BaCl, x =0.926 g HCI

Cop};right © 2020 Pearson Education, Inc. 53



Chapter 3 — Mass Relationships in Chemical Reactions

3.78

3.79

3.80

3.81
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1mol H,SO, 98.1gH,SO,
X

1 mol BaCl, 1 mol H,S0O,

(6.78 g~ 1.25 g) = 5.53 g H,SO, left over

0.0127 mol BaCl, x

= 1.25 g H,S0, reacted

CaCO,, 100.1; HC, 36.46
CaCO, + 2HCl - CaCl, + H,0 + CO,

1 mol CaCO,
235 g CaCO, x = 0.0235 mol CaCO,
100.1 g CaCO,
235 g HCI x —LPOLHCL _ 4 6645 mol Hel
36.46 g HCI

The reaction stoichiometry is 1 mole of CaCO, for every 2 moles of HCI. For 0.0235 mol

CaCO,, we only need 2(0.0235 mol) = 0.0470 mol HCl. We have 0.0645 mol HCI,

therefore CaCQ, is the limiting reactant.

1 mol CO
0.0235 mol CaCO, x oltY,  _224L
1 mol CaCO;  1mol CO,

= 0.526 L CO,

2NaN; - 3N, +2Na; NaN,, 65.01; N,, 28.01

1 mol NaN 3 mol N
38.5 g NaN; x 3 x 2 x 470 L
65.01 g NaN, 2 mol NaN;  1.00 mol N,

=418L

CH,CO,H + CH,,0 » CH,0, + H,0
CH,CO,H, 60.05; C,H,,0, 88.15; C,H,,0,, 130.19

1 mol CH,CO,H
3.58 g CH,CO,H x = 0.0596 mol CH,CO,H
60.05 g CH,CO,H
1 mol CsleO
4.75gCH,,0 x = 0.0539 mol C;H,,0

88.15g C,H,,0

Because the reaction stoichiometry between CH;CO,H and C;H,,0 is one to one,
isopentyl alcohol (C,H,,0) is the limiting reactant.

1 mol C.H,,0, 130.19gCH,,0,
0.0539 mol C,H,,0 x X
1 mol C,H,,0 1 mol C;H,,0,

7.02 g C,H,,0, is the theoretical yield. Actual yield = (7.02 g)(0.45)=3.2 g.

= 7.02gC,H,,0,

K,PtCl, + 2NH, - 2KCl + P(NH,),Cl, v
K,P(Cl,, 415.1; NH,, 17.03; Pt(NH,),Cl,, 300.0 L I 1
1 mol K,PtCI, o Py,
55.8 g K,P(Cl, x = 0.134 mot K,PICly x ¢
415.1 gK,PtCl, _ A PLETE
; (L
35.6 g NH, x — 20N 5 00 mol NH Lt Lot
. ———— =2.09mo . L
8 X 1703 g g, O ey

Only 2(0.134) = 0.268 mol NH, are needed to react with 0.134 mol K,PtCl,. Therefore,

the NH, is in excess and K,PtCl, is the limiting reactant.
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3.88

_2x101gH
221.1g

%H x 100% =0.914%

(b) CH,NO,, 151.2

%c=3%1208C 1600 = 63.5%
1512 ¢
%u=2%101gH 16000 —6.01%
15128
%N=I208N  100% =9.26%
512
%0=2%16080 1600 =210
1512 ¢
(©) Fe,[Fe(CN)],, 859.2
% Fe= L X 3985 8Fe 16000 — 45 500
8502 g
%c=18%12018C 500, —25.16%
8592 ¢g
o N=18%1401gN ) h50 — 9350
8502 g

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

60.00 g C x - ™LC _ 4 996 mol C

12.01gC
1 mol O
16.00g O

448 gH x 1O _ 4 44 mol H
10l gH

C.906H4 440, 20 divide each subscript by the smallest, 2.220.

C4.996 / 2.220H4.44 / 2.22002.220 /2.220

C,,sH,0,; multiply each subscript by 4 to obtain integers.

The empirical formula is C,H;O,.

(b) Assume a 100.0 g sample of ilmenite. From the percent composition data, a 100.0 g
sample contains 31.63 g O, 31.56 g Ti, and 36.81 g Fe.

3552g0 x =2.220 mol O

316380 x L2910 _ {977 me10
1600g 0

3156 g Ti x 0T _ 6 6593 mol Ti
47.87 g Ti

36.81 g Fe x ——DOLFe _ ) 6501 mol Fe
55.85 gFe

Feg 6501 Tlg65030, 9775 divide each subscript by the smallest, 0.6591.
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3.89

3.90

3.91

58

Fey 591706591 Lo 6593 10659101.977 /06591

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

303620 x -0 _ ;897 mol 0
16.00g 0
29.08 g Na x —LMOINE _ ;565 mol Na
22.99 gNa
4056gS x LIS 1265 mol s
32.07gS

Na, 5655, 26501 g97; divide each subscript by the smallest, 1.265.

Na1.265/ 1.26581.265/ L26501.897/ 1.265
NaSO, 5; multiply each subscript by 2 to obtain integers.

The empirical formula is Na,S,0,.

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

s42gHx L0 H 537 0l
10l g H
6456 gCx M C 5376 molC
1201 g C
30.02 g Fe x ——ML F& _ 4 5375 mol Fe
55.85 g Fe

Cs396H; 317F €0 5375 divide each subscript by the smallest, 0.5375.

C5.376 / 0.537SH5.37 / 0.5375Fe0.5375 10.5375

The empirical formula is C,jH Fe.

Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample contains
24.25 g F and 75.75 g Sn.
1 mol F

2425gF x = 1.276 mol F
00gF
75.75gSn x 0911 _ 638 mol Sn
118.7gSn

Sngy ¢35.F | 276; divide each subscript by the smaller, 0.6382.

SNy 382/0.6382F 1.276 10,6382
The empirical formula is SnF,.

(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 O, and 8.80 g H.

7569 C x ML C 6302 mol C
1201 g C

880gH x L H _g71 moiH
10l g H
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155180 x 29O _ 9604 mol O

16.00 g O
Ce.302Hs 7100 06045 divide each subscript by the smallest, 0.9694.
Cé302/0.9694Hs.71 /09694009694 10.9694
C¢sHy0; multiply each subscript by 2 to obtain integers.
The empirical formula is C,;H,0,.
(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 O.

1 mol Fe

72.36 g Fe x ——— — =1.296 mol Fe
55.85 g Fe
1 mol O _

2764g0X ———— =1.727mol O
16.00 g O

Fe, 10601 727; divide each subscript by the smaller, 1.296.
Fe, 2061120601727/ 1296
FeO, ;5;; multiply each subscript by 3 to obtain integers.
The empirical formula is Fe;0,.
(c) Assume a 100.0 g sample. From the percent composition data, a 100.0 g sample
contains 34.91 g O, 15.32 g Si, and 49.77 g Zr.
1 mol Zr

49.77 g Zr X ——————— =0.5456 mol Zr
9122 g Zr

1532 g Six MOl 81 _ 4 5454 mol si
28.09 g Si

3491g0x L2 O 5185 mol 0
16.00 g O

Z1y 545691 54540, 1525 divide each subscript by the smallest, 0.5454.
Z1 54561 0.5454510. 5454 0.545402.182/ 05454

The empirical formula is ZrSiO,.
Formulas and Elemental Analysis (Section 3.8)

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

66.42 g Cx ML C _ 5530 molC
1201 g C

dImolH _s551 01H
1.01 g H

28.01 g Cl x —Lmol CL
3545 g Cl
Cs 530Hs 5,Cly 70015 divide each subscript by the smallest, 0.7901.

Cs 530/0.7901Hs.51/0.7901Clo.7901 /1 0.7901

C,H,Cl

The empirical formula is C;H,Cl, 126.59.

Because the molecular weight equals the empirical formula weight, the empirical formula
is also the molecular formula.

557gHx

=0.7901 mol C]
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3.93  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.

3431gC x LML C 5857 molC
1201 g C

dmolH 553 o1l
101 g H

6041 g1 x 2L 64760 mol I
1269 g I
C, g57Hs 2310 47605 divide each subscript by the smallest, 0.4760.
c2.857 / 0.4760HS.23 / 0.476010.4760 10.4760
CeH,, I
The empirical formula is CH, I, 210.07.
Because the molecular weight equals the empirical formula weight, the empirical formula
is also the molecular formula.

528gH x

3.94 Mass of toluene sample = 45.62 mg = 0.045 62 g; mass of CO,=152.5mg =0.1525 g;
mass of H,0 =35.67 mg=0.03567 g
1 mol CO
0.1525 g CO, x 2y 1molC
44.01gCO, 1molCO,

12.011gC
1 mol C
1 mol HZO 2molH
X

18.02 gH,0 = 1molH,0

1.008 gH
1 mol H
The (mass C + mass H) =0.041 62 g + 0.003 991 g=0.045 61 g. The calculated mass
of (C + H) essentially equals the mass of the toluene sample, this means that toluene

contains only C and H and no other elements.
Co.003 465H0,003 9595 divide each subscript by the smaller, 0.003 465.

= 0.003 465 mol C

mass C =0.003 465 mol C x =0.04162gC 7~

= 0.003 959 mol H

0.035 67gH,0 x

mass H=0.003 959 mol H x =0.003991 gH

Co.003 465 /0.003 465F10.003 9590003 465
CH, ,,; multiply each subscript by 7 to obtain integers.

The empirical formula is C,Hg.

3.95 5.024 mg = 0.005 024 g; 13.90 mg=0.013 90 g; 6.048 mg=0.006 048 g

1 mol CO
0.01390 g CO, x — 0 22  1molC _ 5158 104 mol C
24.01gCO, " Tmol CO,

1 mol H,0 . 2mol H
18.02gH,0 1molH,0
12.01gC

1 mol C

1.008 gH
1 mol

0.006 048 g H,O x =6.713 x 10®* mol H

3.158x 10®* mol C x =0.003793gC -~

6.713 x 10~ mol H x =0.0006767gH
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3.96

3.97

3.98

3.99

3.100

mass N = 0.005 024 g — (0.003 793 g + 0.000 676 7 g) = 0.000 554 g N

0.000554 gNx 2N _3 954 10 mol N

14.01 gN
Scale each mol quantity to eliminate exponents.
C; 158Hs 713N0 3055 divide each subscript by the smallest, 0.395.

C3. 158/ 0.395H6.713 / 0.395N0.395 /0.395

The empirical formula is CgH,,N.

Let X equal the molecular weight of cytochrome c.
55.847u X = 55.847u _ 13,000 u

0.0043 = ;
X 0.0043

Let X equal the molecular weight of nitrogenase.
2x959%u, X=2x95.94u

0.000872 = ————; =220,000 u
X 0.000 872
Let X equal the molecular weight of disilane.
2x28.09u . _ 2x2809u _
X==""""—_=6223u

0.9028 = —————;
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.

6.05u x M
Olu

= 6 H atoms; Disilane is Si,H.
Let X equal the molecular weight of MS,.

0.4006 = 2x 32.07u; X = 2x32.07u
X 0.4006

Atomic weight of M = 160.1 — 2(S atomic weight)
=160.1 —2(32.07) = 95.96

=160.1u

M is Mo.

C1,Bry, 943.2; Cp,Br,,0, 959.2; 17.33 mg=0.01733 g
For C,,Bry, % C= 12X 1201 g C 1500, _ 15989
9432 g
_12x 1201 g C
9592 g
Calculate the mass of C in 17.33 mg of CO,.
1 mol CO
0.017 33 g CO, x 2 y 1molC  1201gC

X
44.01 g CO, 1 mol CO, 1 mol C
Calculate the %C in the 31.472 mg sample.

%C=2729 mg C 10006 = 15.03%
31.472 mg

Decabrom is C,,Br,,0.

For C,,Br,,0, % C x 100% = 15.03%
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3.101

Mass of amphetamine sample = 42.92 mg = 0.042 92 g; )
mass of CO, = 125.75 mg = 0.125 75;
mass of H,O=137.187 mg=0.037 187 g

0.12575g CO, x 2t &% 1 mol C

44.01 g CO, 1 mol CO,

1201 g C
1 mol

1 mol H,0 « 2 mol H

18.02 g H,0 = 1 mol H,0

1.008 gH
1 mol

mass N =42.92 mg — mass H — mass C =42.92 mg - 4.16 mg — 34.32 mg =4.44 mg = 0.004 44 g N

0.004 44 gNx LN 6000317 mol N
1401 g N

= 0.002 857 mol C

mass C=0.002 857 mol C x =0.03432g=3432mgC

0.037 187 g H,0 x = 0.004 127 mol H

mass H=0.004 127 mol H x =0.004 160 g=4.160 mg H

Co.002 857H0.004 127N0.000 3175 divide each subscript by the smallest, 0.000 317.

CO.OOZ 857/0.000 3I7H0.004 127/0.000 317N0.000 317/0.000 317

CH ;N

The empirical formula is C;H,;N, 135.20.

Because the molecular weight is less than 160 g/mol, the empirical formula is also the
molecular formula. -~

Mass Spectrometry (Section 3.9)

3.102

3.103

3.104

3.105

62

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, M", as it passes between the magnet
poles depends on its mass, with lighter ions deflected more strongly than heavier ones.

High mass accuracy is often needed to make an identification of a compound. For example,
two compounds with different molecular formulas can have very similar masses, C;HzO =
84.0570 and C(H,, = 84.0934. Highly accurate mass measurements are used to confirm the
identity of molecules.

Mass of the sample is 70.042 11.

For C{H,,, mass = 5(12.000 000) + 10(1.007 825) = 70.078 250

For C,H(O, mass = 4(12.000 000) + 6(1.007 825) + 1(15.994 915) = 70.041 865
For C,H(N,, mass = 3(12.000 000) + 6(1.007 825) + 2(14.003 074) = 70.053 098
The sample is C,H,O.

Mass of the sample is 58.077 46. ~

For C,H,,, mass = 4(12.000 000) + 10(1.007 825) = 58.078 250
For C,H,0, mass = 3(12.000 000) + 6(1.007 825) + 1(15.994 915) = 58.041 865
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3.106

3.107

For C,H¢N,, mass = 2(12.000 000) + 6(1.007 825) + 2(14.003 074) = 58.053 098
The sample is C,H,,.

mass of CO, = 169.2 mg = 0.1692 g; mass of H,O = 34.6 mg = 0.0346 g

1 mol CO
MO Y2 1molC 003 845 mol C
44.01gCO, 1molCO,

1 mol HZO 2molH
X
18.02¢gH,0 1molH,0
Co.003 sasHo 003 345 divide each subscript by the smaller, 0.003 84.

C0.003 845/0.003 84H0.003 84/0.003 84

The empirical formula 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.

78/13.0 =6; molecular formula = C, )H ;= C¢Hy

0.1692 g CO, x

0.0346 g H,0 x = 0.003 84 molH

mass of 1,2,3-benzenetriol = 150.0 mg = 0.1500 g;
mass of CO, =314.2 mg = 0.3142 g; mass of H,0 =64.3 mg =0.0643 g

1 mol CO
0.3142 g CO, x 2 o 1molC _ 647139 mol C
44.01gCO,  1mol CO,

1 mol H,0 2mol H
X

18.02gH,0 1molH,0

12.01gC

0.0643 g H,O0 x =0.007 14 mol H

0.007 139 mol C x =0.08574 g C
1 molC
0.007 14 mol Hx L9988H _ 06720 g1
1 mol
mass O = 0.1500 g - (0.085 74 g +0.007 20 g) = 0.0571 g O

1molO

0.0571 gOx =0.003 57 mol O
16.00

Co.007 139H0.007 1400.003 573 divide each subscript by the smallest, 0.003 57.

C0.007 139/0.003 57 H0.007 14/0.003 5700.003 57/0.003 57

The empirical formula is C,H,0, 42.0.

The peak with the largest mass in the mass spectrum occurs near a mass of 125, which
would be the molecular weight of the compound.

125/42.0 =2.97=3; molecular formula = C; ,5,H; 20031y = CsH4O;

Multiconcept Problems

3.108 High-resolution mass spectrometry is capable of measuring the mass of molecules with a

particular isotopic composition.
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3.109 Mass of 1 HCl molecule = (36.5 —2——)(1.6605 x 102 £)=6.06 x 10" g/molecule
molecule u

36.5 g/mol
6.06 x 1072 g/molecule

Avogadro's number = = 6.02 x 10 molecules/mol

3.110 The combustion reactionis: 2 CgH,; + 250, = 16 CO, + 18 H,0
CgH,s, 114.23; CO,, 44.01

0703gC,H,  1molCH
pounds CO, = 1.00 gal x 2-/8>4L , 1000mL Seis o 818
I gal 1L ImL 11423 g CH,,

16molCO, 4401gCO,  1pp
X

X =18.11b CO,
2mol CH 1molCO,  453.59g
3.111 AgCl, 143.32; CO,, 44.01; H,0, 18.02
mol Clin 1.00 gof X = 1.95 g AgCl x 1 mol AgCl X LmolCl 0.0136 mol Cl

143.32g AgCl 1 mol AgCl

mass Cl = 0.0136 mol Cl x ~>438C1 _ 405 1
1 mol Cl

1 mol CO

mol C in 1.00 g of X = 0.900 g CO, x 2 1molC _ 46504 mol C
44.01gCO, 1molCO,
mass C = 0.0204 mol Cx 220118€ _ 45454 C
1 mol

1 mol H,O

mol H in 1.00 g of X = 0.735 g H,0 x 2~y 2molH _ 0816 mol H

18.02gH,0 1molH,0

1.008 gH
1 mol
mass N = 1.00 g — mass Cl —mass C — mass H=1.00-0.482 g-0.245g~-0.0823 g=0.19gN

mass H = 0.0816 mol H x =0.0823gH

mol N'in 1.00 g of X=0.19 g N x PN _ 0,014 moI N

1401 gN

Determine empirical formula.
Co.0204H0.0816No.014Clo.o136; divide each subscript by the smallest, 0.0136.

Co.0204/0.0136Ho0.0816 /00136 N0.014/ 0.0136Clo.o136 10,0136
C, sH¢NCI, multiply each subscript by 2 to get integers.

The empirical formula is C;H,,N,Cl,.

3.112 CaCO;, 100.09

9% Ca = 20-088Ca o 10004 = 40.04%
100.09 g
%c= 12018C  1009% = 12.00%

100.09 g
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v 0= 3X1600g0
100.09 g

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

x 100% = 47.96%

3.113 C,H,0, 46.07; H,0, 18.02
Let X = mass of H,O in the 10.00 g sample.
Let Y = mass of ethanol (C,HO) in the 10.00 g sample.
X+Y=1000gand Y=10.00g-X
mass of collected H,O=11.27¢g

1 mol C,H.O 3 mol H,O 18.02gH,0
X X
46.07gC,HO  1mol CHO 1 mol H,O

mass of collected H,O=X+| Y x

Substitute for Y.
1 mol C,H O 3mol H,0O 18.02 0
(10.00 g - X) x 26" 2~ x g,
46.07 g C,HO 1 mol C,HO 1 mol H,0O

1127 g =X + (10.00 g - X)(1.173)
1127g=X+11.73 g~ 1173 X
0.173X=11.73g-1127g=046 g
x=20468 _57.10

0.173
Y=10.00g-X=10.00g~2.7g="7.3 g C;H,0

1127g=X+

3.114 FeO, 71.85; Fe,0,, 159.7
Let X equal the mass of FeO and Y the mass of Fe,O, in the 10.0 g mixture. Therefore,

X+Y=100¢g.
mol Fe =7.43 gx _1molFe _ 0.133 mol Fe
55.85gFe
mol FeO + 2 x mol Fe,0; = 0.133 mol Fe
1 mol Fe,O
LmolFeO 5 x| Y x ———223 | = 0,133 mol Fe
71.85 gFeO 159.7 g Fe, O,
Rearrange to get X = 10.0 g — Y and then substitute it into the equation above to solve for Y.
1 mol Fe,O
(10.0g - Y) x —LmolFeO o LmoFe0s 133 mol Fe
71.85 g FeO 159.7 g Fe, 0,
10.0mol Y mol + 2Ymol _ 0.133 mol
71.85 71.85g 159.7g
- Ymol | 2¥mol _ 33 o1 — 100mol _ 4 6062 mol
71.85g 159.7¢g 71.85

(= Y mol)(159.7g) + (2 Y mol)(71.85g) _
(71.85 g)(159.7 g)

—0.0062 mol
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~160Ymol _ _oa0cr oy, 160

11474 g 11474 g

Y = (0.0062)(11474 g)/16.0 = 4.44 g = 4.4 g Fe,0,
X=100g-Y=10.0g-4.4g=>5.6gFeO

= 0.0062

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

mol Clin 1.68 g of AgCl = 1.68 g AgCl x —LmoLABCL - 1molCl _ 44717 611
143.32 g AgCl = 1mol AgCl
mass Cl=0.0117 mol Cl x 2>438CL _ g 41551
1 mol Cl
All of the Cl in AgCl came from XCl,.
Find the mass of X in 0.634 g of XCl,.
Mass of X =0.634 g—-0.415g=0.219gX
0.0117 mol Cl x 2P X 600390 mol X
3 mol Cl
molar mass of X = _0219g _ 56.2 g/mol; X =Fe
0.00390 mol
3.116 C{H,,0, + 60, —» 6 CO, + 6 H,0; C;H,,0q, 180.16; CO,, 44.01
1 mol CH,,0 6 mol CO, 44.01 g CO,
66.3 g C;H,,0, x X X =972 g CO,
180.16 g CH,0, 1 mol C;H,,0, ~ 1 mol CO,
1 mol CH,,0, 6 mol CO, 254 L CO,
66.3 g C;H,,0,4 x =56.1 L CO,

X X
180.16 g CH,0, 1 mol CH,,0Oq 1 mol CO,

3.117 Mass of Cu=2.196 g; mass of S=2.748 g-2.196g=0.552g S
2.196 g

(@) %Cu= x 100% = 79.91%
2.748 ¢

og = 0552 ¢

8 g

(b) 2.196 g Cux ML €U _ 4034 55 mol Cu
63.55 g Cu

1molS _60172mols
32.07 g S

Cug 3455001725 divide each subscript by the smaller, 0.0172.

Cly 03455/ 00172500172/ 0.0172
The empirical formula is Cu,S.

(c) Cu,S, 159.16
5.6 g Cu,S . 1 mol Cu,S . 2mol Cu® jons _ 6.022x10” Cu” ions
1 em? 159.16 g Cu,S 1 mol Cu,S 1 mol Cu™ ions
=42 x 10 Cu" ions/cm’

x 100% = 20.1%

0.552gSx
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3.118

3.119

3.120

Mass of added CI = mass of XCl; — mass of XCl; = 13.233 g—8.729 g =4.504 g
mass of Clin XCl; =5 Cl’s x 2294 & = 1126 g C1
2 Cl’s
mass of X in XCl;=13.233 g-11.26g=1973 g X
1126 g Clx ML Cl _ 3176 mol CI
35.45 g Cl
1 mol X
5 mol Cl
1973 g X
0.063 52 mol X

0.3176 mol Cl x =0.063 52 mol X

molar mass of X =

=31.1 g/mol; atomic weight =31.1, X =P

PCl;, 137.33; PCl,, 208.24
Let Y = mass of PCl, in the mixture, and (10.00 - Y) = mass of PCl; in the mixture.
fraction Cl in PCl, = $)33453 g/mol) _ - 4o
137.33 g/mol
_ (5)(35.453 g/mol)
208.24 g/mol
(mass of Cl in PCl,) + (mass of Cl in PCL) = mass of Cl in the mixture
0.774 48Y + 0.851 25(10.00 g — Y) = (0.8104)(10.00 g)
Y =5.32 g PCl; and 10.00 - Y = 4.68 g PCl;

fraction Cl in PCl, =0.851 25

NH,NO,, 80.04; (NH,),HPO,, 132.06

Assume you have a 100.0 g sample of the mixture.

Let X = grams of NH,NO, and (100.0 — X) = grams of (NH,),HPO,,

Both compounds contain 2 nitrogen atoms per formula unit.

Because the mass % N in the sample is 30.43%, the 100.0 g sample contains 30.43 g N.

1 mol NH,NO,
mol NH,NO, = (X) x
80.04 g

1 mol (NH,),HPO,
132.06 g

mol (NH,),HPO, = (100.0 - X) x

1 mol NH,NO 1 mol (NH,),HPO
mass N =| [ (X) x £ 3 +(100.0-X) x (NH,),HPO, X
80.04 g 132.06 g
2mol N « [ 14.0067gN) _ 10 4a ¢
1 mol ammonium cmpds I molN
Solve for X.
X, 1000-X) 2y14.0067)= 30.43
80.04  132.06
X, 100.0-X)_ 08627
80.04  132.06
(132.06)(X) + (100.0-X)(80.04) _ ; necrn
(80.04)(132.06) '

Copyright © 2020 Pearson Education, Inc. 67



Chapter 3 — Mass Relationships in Chemical Reactions

(132.06)(X) + (100.0 — X)(80.04) = (1.08627)(80.04)(132.06) ~
132.06X + 8004 — 80.04X = 11481.96

132.06X — 80.04X = 11481.96 — 8004

52.02X = 3477.96

x= 347796 _ 56 86 ¢ NH,NO,
52.02

(100.0 - X) = (100.0 — 66.86) = 33.14 g (NH,),HPO,
mas
SNH4N03 - 6686g = 2018

mass

(NH,),HPO, 33.14g
The mass ratio of NH,NO, to (NH,),HPO, in the mixture is 2 to 1.

3.121 Na,CO, - Na,0 + CO,; Na,CO,, 106; Na,0, 62
CaCO; = CaO + CO,, CaCO,, 100; CaO, 56
In a 0.35 kg sample of glass there would be:
0.12 x 0.35 kg = 0.042 kg = 42 g of Na,O
0.13 x 0.35 kg = 0.045 kg =45 g of CaO
350 g—-42 g-45 g=263 g of SiO,

1 mol Na,O . 1 mol Na,CO, . 106 g Na,CO,
62 gNa,0 1 mol Na,O 1 mol Na,CO,
1 mol CaO . 1 mol CaCO, . 100 g CaCO,
56 g CaO 1 mol CaO 1 mol CaCO,
To make 0.35 kg of glass, start with 72 g Na,CO,, 80 g CaCO,, and 263 g SiO,.

mass Na,CO, =42 g Na,O x =72 g Na,CO,

7~
mass CaCO, =45 g CaO x

=80 g CaCO,

3.122 (2) 56.0mL=0.0560 L
mol X, = (0.0560 L X,)| —-2°L | = 0.00250 mol X,
2411
mass X, =1.12 g MX, - 0.720 g MX = 0.40 g X,
__040g _ 160 g/mol
0.00250 mol
atomic weight of X =160/2 =80; X s Br.

molar mass X, =

(b) mol MX = 0.00250 mol X, x 22 MX _ 4 00500 mol MX

1 mol X,

1 mol X % 80gX
ImolMX 1molX
mass of Min MX=0.720g MX -040gX=032gM

032¢g
0.00500 mol
atomic weight of X =64; M is Cu. N

mass of X in MX = 0.00500 mol MX x =040gX

molar mass M = = 64 g/mol
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3.123

3.124

23.46 mg = 0.023 46 g; 20.42 mg = 0.02042 g; 33.27 mg=0.03327 g

1 mol CO
0.033 27¢CO, x 2y 1mOlC _ 5560 x 10 molC
4401gCO, © Tmol CO,

1 mol H,0 2 mol H
X
18.02gH,0 1molH,0

0.020 42gH,0 x = 2.266 x 10 mol H

7.560 x 10 mol C x 12918€ — 9009 080 g C
1 mol C
2266 x 102 mol H x 0988H _ 6000 284511
1 molH
mass O = 0.023 46 g — (0.009 080 g + 0.002 284 g) = 0.012 10 g O
0.012 10g0 x 2910 _ 7563 « 104 mol O
16.00g O

Scale each mol quantity to eliminate exponents.
Co.7560H2.26600.7563; divide each subscript by the smallest, 0.7560.
Co.756010.7560H2.26610.756000.2563 1 0.7560

The empirical formula is CH,0, 31.0.

62.0/31.0 =2; molecular formula = C,, ,H; 3001, = C;Hs0,

1 mol H,O
(@) 0.138 g H,0 x 2y 2molH _ 6153 molH
18.0 g H,O0O 1 mol H,O

1617 C0,x 0 €0 1molC _hacenorc
440 g CO, = 1 mol CO,

101 g H

1 mol

120 g C

1 mol C

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

0.542g Clx ML Cl _ 6153 mol

355 g Cl
Coo36sHo.0153Clog153; divide each subscript by the smallest, 0.0153.

0.0153 mol Hx =0.0l16 gH

0.0368 mol C x =0.442¢gC

CO.0368 / 0,0|53H0.0l53 10.0153C10.0153 /00153

C,HCl1

Multiply each subscript by 2 to get all integer subscripts.

Cax2sHex I)Cl(2 x1)

The empirical formula is C;H,Cl,, 133.0.

(b) 326.26/133.0=2.45=2.5; molecular formula=C 5, H 5, 2Clasx = C,HsCl;

(c) No, because Cl does not form a useful oxide, so both O and Cl would have to be obtained
by mass difference but that is impossible. You can only determine one element by mass
difference.
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