
 

 

Chapter 3: 22, 30, 32, 36, 38, 40, 44, 46, 48, 52, 58, 66, 68, 70, 74, 80, 82, 84, 90, 102, 104, 112,  
     116, 118, 128, 130 

 
22. (283.4 amu x 0.3460)  +  (284.7 amu x 0.2120)  +  (287.8 amu x 0.4420)  =  285.6 amu 
 

30. Femole8.953 
Feg55.85
Feolem1 x Feg0.005 =

/
/

/  

Featoms10x5.391 24  
Feolem1

Featoms10x6.022 x Feolem953.8
23

=
/

/  

 

32. Cmole10x8.3 3−=
/

/     
Ctomsa10x6.022

C mole 1 x Ctomsa10 x 0.5 23
21  

 C g 0.10 
Colem1
Cg01.21 x Colem10 x 0.8 3 =

/
/−  

 
36. a. 4(30.97 g/mole) + 6(16.00 g/mole)  =  219.88 g/mole 
 b. 3(40.08 g/mole) + 2(30.97 g/mole) + 8(16.00 g/mole)  =  310.18 g/mole 
 c. 2(22.99 g/mole) + 1(1.008 g/mole) + 1(30.97 g/mole) + 4(16.00 g/mole)   

    =  141.96 g/mole 
 

38. a. 64
3 OPmole10x  4.55 −=

/
/  

OPg88.192
OPmole1

 x OPg00.1
64

64
64  

 b. 243
3 )(POCamole10x  3.22 −=

/
/  

)(POCag18.310
)(POCamole1

 x )(POCag00.1
243

243
243  

 c. 42
3 HPONamole10x  7.04 −=

/
/  

HPONag96.141
HPONamole1

 x HPONag00.1
42

42
42  

 

40. a. 64
3 OP g 10x  1.10 

OPolem1
OPg88.219

 x OPolem00.5
64

64
64 =

/
/  

 b. 243
3 )(POCa g 10x  1.55 

)(POCaolem1
)(POCag18.310

 x )(POCaolem00.5
243

243
243 =

/
/  

 c. 42
2 HPONa g 10x  7.10 

HPONaolem1
HPONag96.141

 x HPONaolem00.5
42

42
42 =

/
/  

 
44. a. 

64
21 OPmolecules10x2.74=

/
/−  

OPolem1
OPmolecules10x6.022

 x OPolem10 x 55.4
64

64
23

64
3  

  
 
 
 



 

 

b. 

243
21 )(POCaunits form.10x1.94=

/
/−  

)(POCaolem1
)(POCaunits form.10x6.022

 x )(POCaolem10 x .223
243

243
23

243
3

 c. 

42HPONaunits form.2110x4.24=
/

/−  
HPONaolem1

HPONaunits form.10x6.022
 x HPONaolem310 x .047

42

42
23

42

 
46. a.  

P atoms 10x  1.10 22 
OPoleculem1

Patoms4 x OPoleculesm10 x .742
64

64
21 =

/
/  

 b.

P atoms 10x  3.88 22 
)(POCaunit ormulaf1

Patoms2 x )(POCaunits ormulaf10 x .941
243

243
21 =

/
/  

 c.  

P atoms 10x  4.24 21 
HPONaunit ormulaf1

Patom1 x HPONaunits ormulaf10 x .244
42

42
21 =

/
/  

 
48. a. C9H8O4 180.15 g/mole 
 b.

489
3 OHCmole10x  2.78 −=

//
/

/  
OHCg15.801

OHCmole1
  x  

OHCg01
OHCg1

 x OHCgm10 x 005.
489

489

489
3

489
489

2  

 c.  

489 OHC   molecules2110x1.67=
/

/−  
OHColem1

OHCmolecules10x6.022
 x OHColem310 x .782

489

489
23

489  

 
52. a.  

NOHC oleculem 1
N atom 1x  

NOHColem1
NOHColeculesm10x6.022

x
NOHCg07.57
NOHColem1

xNOHCg00.5
252252

252
23

252

252
252 //

/
/

/
/

   
=  4.01 x 1022 atoms N 

 b. 

2323

23
23

23

23
23 NMgunit  ormulaf 1

N atom 2x  
NMgolem1

NMgunits ormulaf10x6.022
x

NMgg95.100
NMgolem1

xNMgg00.5
//

/

/
/

/  

 
  =  5.97 x 1022 atoms N 
 c. 

2323

23
23

23

23
23 )Ca(NO units orm.f 1

N atom 2x  
)Ca(NOolem1

)Ca(NOunits orm.f10x6.022
x

)Ca(NOg10.164
)Ca(NOolem1

x)Ca(NOg00.5
//

/

/
/

/

 
  =  3.67 x 1022 atoms N 
  
 



 

 

d. 

4242

42
23

42

42
42 ON oleculem 1

N atoms 2x  
ONolem1

ONoleculesm10x6.022
x

ONg02.92
ONolem1

xONg00.5
//

/
/

/
/  

 
  =  6.54 x 1022 atoms N 
 

58. a. NO ( ) %N 46.68  001 x  
16.00  14.01
01.14 =

+
 

 b. NO2 ( ) %N 30.45  001 x  
2(16.00)  14.01
01.14 =

+
 

 c. N2O4 
( )

( ) %N 30.45  001 x  
4(16.00)  2(14.01)
01.142 =

+
 

 d. N2O ( )
( ) %N 63.65  001 x  

16.00  2(14.01)
01.142 =
+

 

 
66. a. SNH  =  47.09 g/mole 
 

  4.0  
g/mole 09.47
g/mole 35.188 =    S4N4H4 

  
b. NPCl2  =  115.88 g/mole 

 

  3.0  
g/mole 88.115
g/mole 64.347 =   N3P3Cl6 

 
 c. CoC4O4  =  170.97 g/mole 
 

  2.0  
g/mole 97.170
g/mole 94.341 =   Co2C8O8 

 
 d. SN  =  46.08 g/mole 
 

  4.0  
g/mole 08.46
g/mole 32.184 =    S4N4 

 
68. Assume 100 g of compound: 
 

 8  000.8  C/0.5910mole729.4  
Cg12.01
Cmole1  xCg79.65 ≈==

/
/  

 

 11  1.011  H/0.5910mole508.6  
Hg008.1
Hmole1  xHg56.6 ≈==

/
/  



 

 

 

 3  000.3  O/0.5910mole773.1  
Og16.00
Omole1  xOg37.28 ≈==

/
/  

 

 1  O/0.5910mole5910.0  
Ng14.01
Nmole1  xNg28.8 ==

/
/  

 
 Therefore: Empirical formula = C8H11O3N 
  

70. 1  C/0.0400mole0400.0  
Cg12.01
Cmole1  xCg480.0 ==

/
/  

 

 4  .0004  H/0.0400mole160.0  
Hg008.1
Hmole1  xHg161.0 ≈==

/
/  

 

 1  O/0.0400mole0400.0  
Og16.00
Omole1  xOg640.0 ==

/
/  

 

 2    .002  O/0.0400mole08001.0  
Ng14.01
Nmole1  xNg121.1 ≈==

/
/  

 
 Therefore: Empirical formula = CH4ON2 
 
74. Assume 100 g of compound: 
 

 3  2  x  .5001  C/2.737mole106.4  
Cg12.01
Cmole1  xCg31.49 ≈==

/
/  

 

 5  2  x  .5012  H/2.737mole84.6  
Hg008.1
Hmole1  xHg90.6 ≈==

/
/  

 

 2  2  x  1  O/2.737mole737.2  
Og16.00
Omole1  xOg79.43 ===

/
/  

 
 Therefore: Empirical formula = C3H5O2  FW  =  73.07 g/mole 

 2    999.1
g/mole 07.73
g/mole 1.146 ≈= ; Molecular formula = C6H10O4 

 
80. a. C6H12O6(s)  +  6 O2(g)    6 CO2(g)  +  6 H2O(g) 
 
 b. Fe2S3(s)  +  6 HCl(g)    2 FeCl3(s)  +  3 H2S(g) 
 



 

 

 c. CS2(l)  +  2 NH3(g)    H2S(g)  +  NH4SCN(s) 
 
82. a. 3 Ca(OH)2  +  2 H3PO4    6 H2O  +  Ca3(PO4)2 
 
 b. Al(OH)3  +  3 HCl    AlCl3  +  3 H2O 
 
 c. 2 AgNO3  +  H2SO4    Ag2SO4  +  2 HNO3 
 
 
84. a. 16 Cr  +  3 S8    8 Cr2S3 
 
 b. 2 NaHCO3    Na2CO3  +  CO2  +   H2O 
 
 c. 2 KClO3    2 KCl  +  3 O2 
 
 d. 2 Eu  +  6 HF    2 EuF3  +  3 H2 
 
 
90. Fe2O3  +  2 Al    2 Fe  +  Al2O3 
 

32OFeg21.4=
//

/
/

/
/

32

3232

OFeolem1
OFeg70.591

x
Feolem2

OFeolem1
x

Feg85.55
Feolem1xFeg0.51  

 Alg7.25=
//

/
/

/
/ Alolem1

Alg98.26x
Feolem2
Alolem2x

Feg85.55
Feolem1xFeg0.51  

 32OAlg13.7=
//

/
/

/
/

32

3232

OAlolem1
OAlg96.101

x
Feolem2

OAlolem1
x

Feg85.55
Feolem1xFeg0.51  

 

102. HCNg10 x 94.7
HCNolem1
HCNg03.27x

NHolem2
HCNolem2x

NHg03.17
NHolem1

xNHg10 x 00.5 6

33

3
3

6 =
//

/
/

/
/  

 OHg10 x 1.59
OHolem1
OHg02.18

x
NHolem2

OHeolm6
x

NHg03.17
NHolem1

xNHg10 x 00.5 2
7

2

2

3

2

3

3
3

6 =
//

//
/

/
/   

 
 or 
 

HCNg10x  2.82 6=
//

/
/

/
/ HCNolem1

HCNg03.27x
Oolem3

HCNolem2x
Og00.32
Oolem1

xOg10 x 00.5
22

2
2

6  

 OHg10x  5.63 2
6=

//
/

/
/

/ OHolem1
OHg02.18

x
Oolem3

OHolem6
x

Og00.32
Oolem1

xOg10 x 00.5
2

2

2

2

2

2
2

6  

 
 or 
 
 



 

 

 HCNg10 x .438
HCNolem1
HCNg03.27x

CHolem2
HCNolem2x

CHg04.16
CHolem1

xCHg10 x 00.5 6

44

4
4

6 =
//

/
/

/
/  

 OHg10 x 69.1
OHolem1
OHg02.18

x
CHolem2

OHolem6
x

CHg04.16
CHolem1

xCHg10 x 00.5 2
7

2

2

4

2

4

4
4

6 =
//

/
/

/
/  

  
 O2 is the limiting reagent. 
 

104. Aspiring1.97=
//

/
/

/
/ Aspirinolem1

Aspiring15.180x
SAolem1

Aspirinolem1x
SAg12.138

SAolem1xSAg50.1  

 
 or 
 

 Aspirin g 53.3
Aspirinolem1
Aspiring15.180x

SAolem1
Aspirinolem1x

AAg09.102
AAolem1xAAg00.2 =

//
/

/
/

/  

 

 % Yield  =  Aspirin%76.1= 100x
ltheoreticag97.1

yield actualg50.1  

 
112. 0.755 g hydrate  -  0.483 g anhydrous  =  0.272 g H2O 
 

 OHmole0151.0  
OHg02.81
OHmole1

  xOHg272.0 2
2

2
2 =

/
/  

 

 4
4

4
4 CuSOmole00303.0  

CuSOg62.159
CuSOmole1

  xCuSOg483.0 =
/

/  

 

 5    988.4  
CuSOmole00303.0

OHmole0151.0

4

2 ≈=  

 
 CuSO4 . 5 H2O 
 
116. a. CH4  +  4 S    CS2  +  2 H2S 
  (2 CH4  +  S8    2 CS2  +  4 H2S) 
 
 b.

 2
2

2

2

4

2

4

4
4

2 CSg10 x 70.5
CSolem1
CSg15.76

x
CHolem1
CSolem1

x
CHg043.16

CHolem1
xCHg10 x 20.1 =

//
/

/
/

/  

 2CSg71.2=
//

/
/

/
/

2

222

CSolem1
CSg15.76

x
Solem4

CSolem1
x

Sg07.32
Solem1xSg10 x 20.1  

 



 

 

118. Zng0473.0
Znolem1
Zng38.65x

ZnClolem1
Znolem1x

ZnClg28.136
ZnClolem1

xZnClg0985.0
22

2
2 =

//
/

/
/

/  

 

 a. %Zn  9.33=100 x 
alloy brass5065.0

Zn0473.0
g
g  

  %Cu  90.7==− 100 x 
alloy brass5065.0

Cu g 0.4592    
alloy brass5065.0

Zn0473.0alloy brass g 5065.0
gg

g  

  
b. 1. Weigh what is left.   

 
  2. Collect and measure the H2. 
 
128. Let x  =  mass of NaCl 
       y  =  mass of KCl 
 
 AgNO3  +  MCl    AgCl  +  MNO3 
     8.5904 g 
 

 

1 mole NaCl 1 mole AgCl 143.4 g AgCl
x g NaCl x x x

58.44 g NaCl 1 mole NaCl 1 mole AgCl

1 mole KCl 1 mole AgCl 143.4 g AgCl
y g KCl  x x x 8.5904 g AgCl

74.55 g KCl 1 mole KCl 1 mole AgCl

/ / +/
/ //

/ / =/
/ //

 

 
 Simplified, this is: 
 
 2.453x  +  1.923y  =  8.5904            (1) 
 
 It is also know that since the 4.000 g of mixture just contains NaCl and KCl: 
 
 x  +  y  =  4.000;  y  =  4.000  -  x     (2) 
 
 Plugging equation 2 into equation 1 gives: 
 
 2.453x  +  1.923(4.000 - x) =  8.5904 
 
 x  =  1.696 g NaCl 
 y  =  4.000  -  1.696  =  2.304 g KCl 
 

 %NaCl  42.40  100 x 
sample 000.4
NaCl696.1 =

g
g  

 
2.304 g KCl

 x 100  
4.000 g sample

= 57.60  %KCl  



 

 

130. a. 40 x 106 x 1012  =  4.0 x 1019 formula units 
 

  Amole10x6.6   
Aunits ormulaf10x6.022

A mole 1 x Aunits ormulaf10 x 0.4 5
23

19 −=
/

/  

 

  g/mole 64    
A mole10 x 6.6

A gm 1
A g 10A  x   gm 4.26

  A   Weight Formula 5

3

=/
/

= −

−

 

 
  Since the formula weight is 64 g/mole, the alkaline earth metal cannot be Sr, Ba,  

or Ra. 
 
Assume 100 g of sample: 
 

Cmole122.3  
Cg12.01
Cmole1  xCg5.37 =

/
/  

   
There are 100.0  -  37.5  =  62.5 g of M, where M is Be, Mg or Ca.  Try each. 
 

Be mole 935.6  
Beg012.9
Bemole1  xBeg5.62 =

/
/ ;  22.2  

Cmole122.3
Bemole935.6 =   

Mg mole 571.2  
Mgg31.24
Mgmole1  xMgg5.62 =

/
/ ; 21.1  

Mgmole571.2
Cmole122.3 =  

Ca mole 559.1  
Cag08.40
Camole1  xCag5.62 =

/
/ ;  00.2  

Mgmole559.1
Cmole122.3 =  

 
The best fit is for CaC2 which has FW of 64.10 g/mole.  A  is CaC2. 
 

 b. 2    2.00    66.2/Hmole32.5  
Hg008.1
Hmole1  xHg36.5 ===

/
/  

  1    66.2/Hmole66.2  
Og00.16
Omole1  xOg5.42 ==

/
/  

 
  B is H2O. 
 

 c. 1    768.0/Cmole768.0
COolem1

Colem1x
COg01.44
COolem1

xCOg8.33
22

2
2 ==

/
/

/
/

/  

  1    768.0/Hmole768.0
OHolem1

Holem2x
OHg02.18
OHolem1

xOHg92.6
22

2
2 ==

/
/

/
/

/  

 
  Empirical formula is CH  FW  =  13.02 g/mole 



 

 

  2    0.2  
02.13

26 == ; Molecular formula is C2H2 

 
  C is C2H2 (acetylene). 
 
 d. D is Ca(OH)2. 
 
  The reaction is: 
 
  CaC2  +  2 H2O    Ca(OH)2  +  C2H2 
 

  22
22

22

2

22

2

2
2 HCg3.18

HColem1
HCg04.26

x
CaColem1

HColem1
x

CaCg10.64
CaColem1

xCaCg0.45 =
//

/
/

/
/  

  22HCg16.6 
HColem1
HCg04.26

x
OHolem2

HColem1
x

OHg02.18
OHolem1

xOHg0.23
22

22

2

22

2

2
2 =

//
/

/
/

/  


