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n(O) = 2 × n(CO2) = 
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n(NiSO4.6H2O) = 
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n(O) = 10 × n(NiSO4.6H2O) = 
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a
n(N) = n(KNO3) = 5.0 mol

m(N) = n × M = 5.0 × 14.0 = 70 g

b
n((NH4)3PO4) = 
[image: image10.wmf]M
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n(N) = 3 × n((NH4)3PO4) 

m(N) = n × M = 3 × 
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 × 14.0 = 20.1 g

c
n(N2) = 
[image: image13.wmf]A
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n(N) × 2 × n(N2)

m(N) = n × M = 
[image: image15.wmf]23
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a
n(S2) = 
[image: image16.wmf]M

m

 = 
[image: image17.wmf]2
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n(S) = 2 × n(S2) mol

N(S) = n × NA = 
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 = 1.16 × 1024 atoms

b
N(S) = N(H2SO4) = 3.72 × 1023 atoms

c
n(S) = 2 × n(Na2S2O3) = 2 × 62.5 mol

N(S) = n × NA = 2 × 62.5 × 6.02 × 1023 = 7.53 × 1025 atoms
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a
n(NO2) = 
[image: image19.wmf]M
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 = 2.00 mol

n(O) = 2 × n(NO2) = 2 × 2.00 = 4.00 mol

b
n(N2) = 
[image: image21.wmf]RT
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 = 
[image: image22.wmf]313
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n(N) = 2 × n(N2) = 
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 = 1.98 × 10–3 mol

c
n(S) = n(SO2) = 
[image: image24.wmf]M
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5
a
V(Ar) = n × VM = 1.75 × 24.5 = 42.9 L

b
V(He) = n × VM = 
[image: image26.wmf]M

m

 × VM = 
[image: image27.wmf]00
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( V2 = 
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d
n(O2) = 
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V(O2) = 
[image: image34.wmf]p

nRT

 = 
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a
V = 
[image: image36.wmf]p

nRT

 = 
[image: image37.wmf]105
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b
SO2 does not behave as an ideal gas. The molecules have some attractive forces between them, decreasing the total gas volume.
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a
7.0 mL of acid in 100 mL of vinegar

( 
[image: image38.wmf]÷
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 of acid in 250 mL of vinegar

( 17.5 mL

8
0.5 mg of Fe2+ = 
[image: image39.wmf]8

.
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( Solution 1 is 9.0 × 10–6 M

( Solution 2 is 5.0 × 10–3 M and therefore is much more concentrated.

9
We have 2.68 g NaCl in 25.0 mL

( 
[image: image40.wmf]0
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 × 2.68 = 10.7 g in 100.0 mL

( 10.7% m/v
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27.0 g of NH3 per 100 g of solution

27.0 g of NH3 is 1.59 mol of NH3 
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100 g of solution is 111 mL of solution 
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( 1.59 mol in 111 mL

( 14.3 mol in 1000 mL, i.e. 14.3 M
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3.9 × 10–6 ppm = 3.9 × 10–6 mg in 1.0 L

( 1000 mg in x L (1000 mg = 1.0 g)

( x = 2.56 × 108 L

12
n(oxalic acid) = c × V = 0.0500 × 250.0 × 10–3 = 0.0125 mol

m(oxalic acid) = n × M = 0.0125 × 126 = 1.58 g

13
For dilution c1V1 = c2V2
( 17.5 × V1 = 1.00 × 250.0

( V1 = 14.3 mL

14
TiCl4(l) + 2H2O(g) ( TiO2(s) + 4HCl(g)

n(TiCl4) = 
[image: image43.wmf]M
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 = 
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n(TiO2) = n(TiCl4)

m(TiO2) = n × M = 
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a
n(KMnO4) = 
[image: image46.wmf]M
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n(HCl) = 
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V(HCl) = 
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 = 0.0316 L = 31.6 mL

b
n(Cl2) = 
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V(Cl2) = 
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a
n(CuFeS2) = 
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 = 
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n(Cu) = n(CuFeS2)

m(Cu) = n × M = 
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b
n(SO2) = 
[image: image59.wmf]2
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V(SO2) = 
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17
n(MgCl2) = c × V = 0.600 × 20.0 × 10–3 = 0.0120 mol

n(NaOH) = c × V = 0.500 × 25.0 × 10–3 = 0.0125 mol


0.0120 mol of MgCl2 will react with 0.0240 mol of NaOH, however we have only 0.0125 mol, hence NaOH is the limiting reactant.

n(Mg(OH)2) = 
[image: image62.wmf]2
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 × n(NaOH)

m(Mg(OH)2) = n × M = 
[image: image63.wmf]2
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MnO2(s) + 4HCl(g) ( MnCl2(s) + Cl2(g) + 2H2O(l)

n(MnO2) = 
[image: image64.wmf]M
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 = 
[image: image65.wmf]9
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n(HCl) = 
[image: image66.wmf]M
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0.0534 mol of HCl will react with 0.0134 mol of MnO2 
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( (0.0359 – 0.0134) mol of MnO2 will remain

( m(MnO2) remaining = n × M = 0.0225 × 86.9 = 1.96 g
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a
n(NH3) = 
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n((NH4)2SO4) = 
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 × n(NH3)

m((NH4)2SO4) = n × M = 
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b
Mass produced = 38.9 × 
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a
n(aspirin) = 
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10

200

3

-

´

 mol

n(sal. acid) = n(aspirin)

m(sal. acid) = n × M = 
[image: image77.wmf]180

138

10

200

3

´

´

-

 = 153 mg

b
The process is less than 100% efficient.

Review questions

1
Height = 2.3 × 6.02 × 1023 mm = 1.4 × 1024 mm = 1.4 × 1018 km

2
a
n(H2O) = 
[image: image78.wmf]M

m

 = 
[image: image79.wmf]0
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N(H2O) = n × NA
N(atoms) = 3 × N(H2O) = 
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 = 5.02 × 1023
b
n(BaCl2) = c × V = 0.10 × 250.0 × 10–3 mol

n(anions) = 2 × n(BaCl2)

N(anions) = n × NA = 2 × 0.10 × 250.0 × 10–3 × 6.02 × 1023 = 3.0 × 1022
c
n(H2) = 
[image: image81.wmf]M
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n(electrons) = 2 × n(H2)

N(electrons) = n × NA = 
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 = 2.20 × 1021
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a
m(Zn) = n × M = 0.300 × 65.4 = 19.6 g
b
n(SO2) = 
[image: image84.wmf]A
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m(SO2) = n × M = 
[image: image86.wmf]23
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c
n(N2) = 
[image: image87.wmf]RT
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m(N2) = n × M = 
[image: image89.wmf]303
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1 atom = 3.82 × 10–23 g

( 6.02 × 1023 atoms = 3.82 × 10–23 × 6.02 × 1023 g

( Molar mass of X = 23.0 g mol–1
( X is Na.
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V(blood) = 65 × 60 mL

0.05% m/v = 0.05 g of ethanol in 100 mL of blood

( 
[image: image90.wmf]100
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( 1.95 g of ethanol
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68% m/m = 68 g of HNO3 per 100 g of solution

68 g of HNO3 is 1.08 mol of HNO3

[image: image91.wmf]÷

ø

ö

ç

è

æ

=

M

m

n


100 g of solution is 
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( 1.08 mol per 66.7 mL = 16.2 M

b
For dilution clVl = c2V2
( 0.15 × 200.0 = 16.2 × V2
( V2 = 1.9 mL

7
4.2% v/v = 4.2 mL of ethanol in 100 mL of beer

4.2 mL of CH3CH2OH is 3.3 g of CH3CH2OH 
(m = ( × V)

( In 250.0 mL there will be 8.2 g of CH3CH2OH.

8
0.140 mol L–1 = 8.19 g L–1 (m = n × M = 0.140 × 58.5)

8.19 g in l L

( 1.00 g in x L

( x = 
[image: image94.wmf]19
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n(AgNO3) = 
[image: image95.wmf]M

m

 = 
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c(AgNO3) = 
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10
1.0 ppm = 1.0 mg L–1
1.0 mg of F– = 5.3 × 10–5 mol of F– 
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5.3 × 10–5 mol in 1 L

( 1.0 mol in x L

( x = 1.9 × 104 L
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20.0% m/m = 20 g of ethanol in 100 g of solution
20.0 g of ethanol is 
[image: image100.wmf]0
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100 g of solution is 103 mL of solution 
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( 0.435 mol in 103 mL

( 4.22 mol in 1000 mL, i.e. 4.22 M

12
Volume of room = (8.0 × 6.0 × 2.8) m3 = 134 m3 = 1.34 × 108 mL

40 ppm = 40 mL of CO in 106 mL of air

( x mL of CO in 1.34 × 108 mL of air

( x = 5.4 × 103 mL = 5.4 L
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( T2 = 546 K, i.e. the temperature (in K) was doubled.
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n(gas) = 
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( M = 71.0 g mol–1
b
Cl2
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pV = 
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a
MF = (C2H4O)a, where a = 
[image: image114.wmf]EFM
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% C = 
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b 
n(C4H8O2) = 
[image: image119.wmf]M

m

 = 
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n(CO2) = 4 × n(C4H8O2)

V(CO2) = n × VM = 4 × 
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n(N2) = 
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n(NH3) = 2 × n(N2)

m(NH3) = n × M = 
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2C4H10(g) + 13O2(g) ( 8CO2(g) + 10H2O(g)

n(C4H10) = 
[image: image125.wmf]M
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m(O2) = n × M = 
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n(CO2) = 
[image: image129.wmf]M
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n(C6H12O6) = 
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m(C6H12O6) = n × M = 
[image: image132.wmf]44.0
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n(NO2) = 
[image: image133.wmf]M
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 = 
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n(HNO3) = 
[image: image135.wmf]3
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 × n(NO2)

m(HNO3) = n × M = 
[image: image136.wmf]0
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Examination questions

Multiple choice

1
A
2
D
Extended response

1
a
C6H12O6(aq) + 6O2(g) ( 6CO2(g) + 6H2O(l)

b
n(C6H12O6) = 
[image: image137.wmf]M

m

 = 
[image: image138.wmf]180
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n(CO2) = 6 × n(C6H12O6)

V(CO2) = 
[image: image139.wmf]p
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c
Aerobic respiration

2
a
Cu(NO3)2(aq) + 2NaOH(aq) ( Cu(OH)2(s) + 2NaNO3(aq)

b
n(Cu(NO3)2) = c × V = 0.250 × 0.1250 = 0.03125 mol

n(NaOH) = c × V = 0.560 × 0.090 = 0.0504 mol

0.0504 mol of NaOH reacts with 
[image: image141.wmf]2
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( Cu(NO3)2 is in excess by 0.00605 mol

c
n(Cu(OH)2) = 
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m(Cu(OH)2) = n × M = 
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