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Chapter 11 Measuring solubility

Use the solubility curves in Figure 11.1 (page 207) to answer the following questions.

Q1.

At what temperature is the solubility of potassium nitrate:

a 
50 g/100 g?

b 
100 g/100 g?

c 
150 g/100 g?

A1.

a
32°C

b
55°C

c
68°C

Q2.

What is the solubility of the following solids at 20°C?

a 
sodium nitrate

b 
potassium nitrate

c 
sodium chloride

A2.

a
84 g/100 g

b
36 g/100 g

c
38 g/100 g

Q3.

What mass of the following compounds will dissolve in 100 g of water at 40°C?

a
CuSO4.5H2O

b
KNO3
c
NaNO3
A3.

a
25 g

b
65 g

c
100 g

Q4.

What mass of the following compounds will dissolve in 200 g of water at 30°C?

a
CuSO4.5H2O

b
KNO3
c
NaNO3
A4.

a
42 g

b
96 g

c
184 g

Q5.

What mass of copper sulfate needs to be dissolved in 50 g of water to make a saturated solution at 40°C?

A5.

14 g

Q6.

25 g of potassium nitrate is dissolved in 100 g of water at 30°C. Is this solution saturated?

A6.

No

Q7.

If 100 g of KNO3 is added to 100 g of H2O at 40°C, how much of it will remain undissolved?

A7.

35 g

Q8.

Explain why a glass of lemonade kept cold in the refrigerator tastes more ‘fizzy’ than one kept at room temperature.

A8.

Fizziness is a measure of carbon dioxide dissolved in water to produce weak carbonic acid. Gas solubility increases at lower temperatures, so more CO2 is dissolved if stored in the refrigerator. When you drink lemonade, the warmth of your mouth makes some of the carbon dioxide come out of the solution. You feel a tingling sensation in your mouth, especially when the lemonade is cold and the temperature difference between it and your mouth is greater.

Q9.

What is the concentration of each of the following solutions in g L–1? 

a
5 g of NaCl in a 200 mL NaCl solution

b 
1.5 g of plant food in a 2.5 L container of plant food solution

A9.

a
concentration (w/v) = 
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b
0.06 g L–1 
Q10.

Calculate the amount, in mol, of solute in each of the following solutions:
a
0.10 L of 0.22 M KOH(aq) litre
b
10 mL of 0.22 M NaI(aq)

c
15.6 mL of 0.015 M CuSO4(aq)

d
1.5 × 10–1 mL of 5.2 M HCl(aq)

A10.

Remember that the formula for amount of substance in solution is n = c ( V (where n is the number of mole, c the concentration in mol/L and V the volume of the solution in litres).

a
n
= 0.22 ( 0.10 = 0.022 mol

b
n
= 0.22 ( 
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n
= 0.015 ( 
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(Note: In parts b, c and d the volume units are cited in mL, and so we convert to litres.)

Q11.

Calculate the concentration (molarity) of the following solutions:
a 
0.50 L of solution, which contains 0.24 mol of glucose molecules

b 
25.0 mL of solution, which contains 2 × 10–3 mol of NaCl

c 
4.1 L of solution, which contains 1.23 mol of CH3COOH

d
9.3 × 105 L of solution, which contains 1.8 × 103 mol KCl

A11.

Remember the formula for amounts of substance in solution is n = c ( V (where n is the number of mole, c the concentration in mol/L and V the volume of the solution in litres).

The formula needs to be rearranged to give c = 
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The word molarity is often used in questions to do with concentration. In such cases, the units are always mol/L.
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(Note: The volume units are given in mL, and so we convert to litres.)

c
c = 
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Q12.

Calculate the molar concentration present in the following solutions:
a 
1.55 L of solution, which contains 1.223 g of calcium chloride, CaCl2
b 
22.0 mL of solution, containing 0.521 g of Ba(NO3)2
c
45.0 mL of solution, which contains 1.61 g of Na3PO4
d
20.0 L of solution, containing 4.07 × 10–3 mol of KF

A12.

The molar concentration can be calculated by first calculating the number of mole, then using the relation n = cV to calculate the concentration.

a 
n(CaCl2) = 
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c(CaCl2) = 
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n(Ba(NO3)2) = 
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c(Ba(NO3) 2) = 
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c 
n(Na3PO4) = 
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c(Na3PO4) = 
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d
20.0 L of solution, containing 4.07 × 10–3 mol of KF. 


c(KF) = 
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Q13.

Calculate the concentration of each of the following diluted solutions:
a 
10.0 mL of water is added to 5.0 mL of 1.2 M HCl

b 
1.0 L of water is added to 3.0 L of 0.10 M HCl

c 
5.0 mL of 0.50 M HCl is added to 95 mL of water

d
40.0 mL of 20.0 g/L of sodium carbonate solution is diluted to 250 mL

A13.

Dilution questions are best answered using the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same, although not necessarily litres.

a
c2
= 1.2 ( 
[image: image25.wmf]15

5




= 0.4 M


Note that V2 was 15 mL because the 10 mL was added to the 5 mL.

b
c2
= 0.1 (
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= 0.075 M


Note that V2 was 4 L because the 1 L was added to the 3 L.

c
c2
= 0.50 ( 
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= 0.025 M


Note that V2 was 100 mL because the 5 mL was added to the 95 mL.

d
20 g/L Na2CO3 = 0.19 mol/L (0.19 M)


c2
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E1.

How many grams of sodium chloride would be present in 200 mL of a medical saline solution of concentration 0.9% w/v solution?

AE1.

0.9% w/v = 0.9 g of solute (sodium chloride) present in 100 mL of the solution.

There is 200 mL of the solution, so the amount of sodium chloride is:
= (200 mL ÷ 100 mL) × 0.9 

= 1.8 g 
E2.

A bottle of gin is labelled as being 37% alcohol (v/v). What volume of ethanol is there in a 50 mL ‘shot’ of this drink?

AE2.

37% v/v = 37 mL of alcohol (ethanol) in 100 mL of the gin.

The ‘shot’ is 50 mL, so the amount of ethanol present is:
= 37 mL × (50 mL ÷ 100 mL) 

= 18.5 mL 

E3.

What mass of sugar is there in 60 mL of a 20% (w/v) solution?

AE3.

20% w/v = 20 g of solute (sugar) present in 100 mL of solution.

There is 60 mL of the solution, so the amount of sugar is:
= (60 mL ÷ 100 mL) × 20 g 

= 12 g

E4.

The analysis of a mineral water includes these details on the label: ‘Minerals present (mg/L): chloride 220, calcium 50, magnesium 45, potassium 6’.

a
Calculate the mass (in mg) of each of the listed elements in a 200 mL glass of the mineral water.

b
What is the molar concentration of each element?

AE4.

a
m(chloride): 0.2 × 220 = 44 mg 


m(calcium): 0.2 × 50 = 10 mg


m(magnesium): 0.2 × 45 = 9 mg


m(potassium): 0.2 × 6 = 1.2 mg

b
Molar concentration = amount(mol)/L solution 


= mass concentration (g/L) ÷ molar mass (g mol–1)


c(chloride): 0.220 ÷ 35.45 = 0.062 mol/L


c(calcium): 0.050 ÷ 40.08 = 0.0013 mol/L


c(magnesium):0.045 ÷ 24.31 = 0.0019 mol/L


c(potassium): 0.006 ÷ 39.10 = 0.00015 mol/L

E5.

What mass of cadmium would be present in a 100 kg sample of waste water if the concentration of cadmium in the water is 5 (g g–1? Express your answer in:

a
(g

b
mg

c
g

AE5.

a
Mass of cadmium present is:

= mass of water (g) × concentration of cadmium (g/g water) 


= 100 × 1000 g ×5 μg/g 


= 5 × 105 (g 
b
1 mg = 1000 μg, so 5 × 105 (g = (5 × 105) ÷ 1000 = 5 × 102 mg

c
1 g = 1000 mg, so 5 × 102 mg = (5 × 102) ÷ 1000 = 0.5 g

Chapter review

Q14.

The solubilities of three different substances at 20°C and 80°C are given in the table below.

	
	Solubility (g/100 g water)

	
	20(C
	80(C

	Copper sulfate (CuSO4.5H2O)
	22
	56

	Sodium chloride (NaCl)
	36
	37

	Charcoal
	insoluble
	insoluble


a
If 50 g CuSO4.5H2O is mixed with 100 g water, what mass of the CuSO4.5H2O will dissolve at:

i
80°C?

ii 
20°C?

b
If 5 g NaCl is mixed with 100 g water, what mass of the NaCl will dissolve at:

i
80°C?

ii 
20°C?

c
If 2 g charcoal is mixed with 100 g water, what mass of charcoal will dissolve at:

i
80°C?

ii 
20°C?

d
Use your answers to parts a, b and c to devise and describe a method that could be used to obtain a small amount of pure copper sulfate crystals from copper sulfate that is contaminated with small amounts of sodium chloride and charcoal. 

A14.

a
The table shows that 100 g of water will dissolve 22 g and 56 g of copper sulfate at 20(C and 80(C, respectively.

i
At 80(C all of the 50 g of copper sulfate will dissolve.

ii
At 20°C only 22 g of the copper sulfate will dissolve.

b
The table shows that 100 g of water will dissolve 36 g and 37 g of sodium chloride at 20°C and 80°C, respectively.

i
At 80°C all of the 5 g of sodium chloride will dissolve.

ii
At 20°C all of the 5 g of sodium chloride will dissolve.

c 
The table shows that 100 g of water will dissolve none of the charcoal at either 20°C or 80°C.

i
No charcoal will dissolve at 80°C.

ii
No charcoal will dissolve at 20°C.

d
Some of the mixture should be added to water at 80°C. The amount of water should be just enough to dissolve all the copper sulfate. The sodium chloride will also dissolve but the charcoal will not. This mixture should be filtered at 80°C. Filtration will leave the charcoal in the filter paper and the sodium chloride and copper sulfate in the filtrate. As the filtrate cools, some of the copper sulfate will crystallise out of solution. A very small amount of NaCl may also crystallise, depending on the amount of water present. The copper sulfate can then be filtered from the solution. It can then be redissolved and recrystallised to remove any traces of sodium chloride.

Q15.

The graph below shows the solubilities of four different substances in water over a range of temperatures.
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a 
What is the solubility of potassium nitrate at 40°C?

b 
Which of the four substances is most soluble at:

i
10°C?

ii 
50°C?

c
What mass of ammonium chloride is needed to make a saturated solution in 750 g water at 20°C?

d 
What mass of water must be added to 76 g NaCl at 80°C to make a saturated solution?

e
In each of the following cases, decide whether the solution produced is unsaturated, saturated or supersaturated:

i
25 g lead nitrate is added to 50 g water at 20°C

ii
90 g potassium nitrate is dissolved in 120 g water at 40°C

iii
39 g ammonium chloride is dissolved in 75 g water at 60°C

iv
50 g sodium chloride is dissolved in 150 g water at 70°C

f
10 g potassium nitrate was dissolved in 50 g water at 20°C. What mass of potassium nitrate must be added to this solution in order to saturate it at that temperature?

g
A solution at 100°C contains 60 g ammonium chloride in 100 g water. Describe what you would expect to happen as the solution cools gradually to 25°C.

h
A saturated solution of potassium nitrate is made in 50 g water at 50°C.

i
What mass of potassium nitrate would remain in solution if it were cooled to 20°C?

ii
What mass of potassium nitrate would crystallise out of solution?

i
At what temperature would each of the following solutions be saturated?

i
45 g potassium nitrate in 50 g water

ii
1.7 g potassium nitrate in 10 g water

A15.

From the temperature axis, draw an imaginary line from the specified temperature. The solubilities can then be read from the vertical axis.

a
60 g/100 g

b
i
lead nitrate

ii
potassium nitrate

c
The graph shows that the solubility of ammonium chloride at 20°C is approximately 32 g/100 g of water.


( mass of ammonium chloride that will dissolve in 750 g of water
= 
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d
The graph shows that the solubility of sodium chloride at 80°C is approximately 38 g/100 g of water.


( mass of water needed to dissolve 76 g of sodium chloride
 
= 
[image: image31.wmf]38

76

 ( 100
= 200 g

e
i
saturated

ii
supersaturated

iii
saturated

iv
unsaturated

f
The graph shows that the solubility of potassium nitrate at 20°C is approximately 30 g/100 g of water.


( Mass of potassium nitrate that will dissolve in 50 g of water
= 
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g
The graph shows that the solubility of ammonium chloride at 100°C is approximately 80 g/100 g of water.


( all 60 g of ammonium chloride will be dissolved.


The graph shows that the solubility of ammonium chloride at 25°C is approximately 34 g/100 g of water.


( about 26 g of ammonium would crystallise out of solution (assuming that it does not become supersaturated).

h
The graph shows that the solubility of potassium nitrate at 50°C is approximately 84 g/100 g of water.


( Mass of potassium nitrate that will dissolve in 50 g of water
= 
[image: image33.wmf]100

50

 ( 84
= 42 g


The same graph also shows that the solubility of potassium nitrate at 20°C is approximately 30 g/100 g of water.


( mass of potassium nitrate which will dissolve in 50 g of water
= 
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i
Mass of potassium nitrate dissolved = 15 g

ii
Mass of potassium nitrate crystallised out of solution
= 42 – 15 


= 27 g

i
i
45 g of potassium nitrate in 50 g of water corresponds to 45 ( 2 g of the salt in 100 g of water. The graph shows that 90 g of potassium nitrate will dissolve at approximately 53°C.

ii
1.7 g of potassium nitrate in 10 g of water corresponds to 1.7 ( 10 g of the salt in 100 g of water. The graph shows that 17 g of potassium nitrate will dissolve at approximately 9°C.

Q16.

You have three solutions of sodium thiosulfate: the first (A) is unsaturated, the second (B) is saturated and the third (C) is supersaturated.

a
Identify each of the solutions (A–C) if the following observations are made:


Solution A:
A crystal of sodium thiosulfate added to this remained unchanged.


Solution B:
A crystal of sodium thiosulfate added to this grew larger and heat was produced.


Solution C:
A crystal of sodium thiosulfate added to this dissolved.

b 
Predict what might happen if:

i
solution A was cooled

ii
solution B was shaken hard

A16.

a
A: saturated; B: supersaturated; C: unsaturated

b
i
crystals form

ii
crystals form

Q17.

What is the concentration, in g L–1, of the solute in each of the following solutions?

a 
10 g of salt in 50 mL of salt solution

b 
5.0 g of sugar in 60 mL of sugar solution

c 
0.20 g of glucose in 15 mL of glucose solution

d
15 g of potassium nitrate in 70 mL of potassium nitrate solution

A17.

Convert all volume units to L. Remember: 1 L = 1000 mL.

a
Concentration of salt
= 
[image: image35.wmf]50
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= 200 g L–1
b
Concentration of sugar
= 
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= 83 g L–1
c
Concentration of glucose
= 
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= 13 g L–1
d
Concentration of KNO3
= 
[image: image38.wmf]70
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= 210 g L–1
Q18.

What mass of fertiliser would you need to add to water to make 200 mL of a solution with a concentration of 10 g/L of fertiliser?

A18.

1000 mL = 1 L. So, 200 mL of solution with a concentration of 10 g/L would need  = 
[image: image39.wmf]5
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 the mass, hence, 2 g of fertiliser would be needed.

Q19.

For each of the following, state which solution is the more concentrated:
a
300 mL of 0.20 M NaCl or 500 mL of 0.20 M NaCl?
b
25.0 mL of solution containing 0.010 mol KCl or 1.20 L of solution containing 0.813 mol KCl?
c
2.7 L of solution containing 3.0 mol HCl or 120 mL of solution made by dissolving 3.0 × 1022 molecules HCl?
d
1.5 L of 0.015 M Mg(OH)2 or 500 mL of solution containing 1.75 g Mg(OH)2?
A19.

a
The concentration of each solution is 0.20 M.

b
The first volume (25 mL) must be converted to litres, and so is 0.025 L.


c = 
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For the first solution:


c
= 0.010/0.025



= 0.400 M


For the second solution:


c
= 
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= 0.678 M


( The second solution was more concentrated.

c
Regarding the first solution: 


c = 
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Regarding the second solution:


n(HCl molecules)
= 
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= 0.050 mol


( [HCl]
= 
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= 0.42 M


( The first solution is more concentrated.

d
The first solution is 0.015 M. 


Regarding the second solution:


n(Mg(OH)2)
= 
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= 0.0300 mol


( [Mg(OH)2]
= 
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= 0.0600 M


( The second solution is more concentrated.

Q20.

Vinegar is a solution of acetic acid (CH3COOH) in water. If 100 mL of vinegar contains 4.0 g of acetic acid, what is the molar concentration of acetic acid in vinegar?

A20.

These is a two-step question involving n = 
[image: image48.wmf]M

m

, where m is the mass in grams, and M is the molar mass in g mol–1. Then use n = cV, where c is the concentration of the solution in mol L–1 and V is the volume in litres. Use a periodic table to work out the molar mass of acetic acid, M(CH3COOH) = 60 g mol–1.

( n(CH3COOH) = 
[image: image49.wmf]60
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( c(CH3COOH) = 
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Q21.

Calculate the amount, in mol, of solute in:

a 
3.0 L of 0.25 M hydrochloric acid solution (HCl)

b 
2.5 L of 0.185 M nitric acid solution (HNO3)

c
100 mL of 0.0250 M potassium permanganate solution (KMnO4)

d
a mixture of 92 mL of 0.5 M HCl and 135 mL of 0.2 M HCl

A21.

The formula for amounts of substance in solution is n = c ( V (where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres). The word molarity is often used in questions to do with concentration. In such cases, the units are always mol/L.

a
n 
= 0.25 ( 3.0 



= 0.75 mol

b
n 
= 0.185 ( 2.5 



= 0.46 mol

c
n 
= 0.0250 ( 0.100 



= 2.50 ( 10–3 mol


(Note: the volume units are in mL, and so we convert to litres.)

d
n
= (0.5 ( 0.092) + (0.2 ( 0.135)



= 0.07 mol


(Note: the two calculations are done separately and the results then added together. Also, the volume units are in mL, and so we convert to litres.)

Q22.

What is the mass of the solute in each of the following solutions?

a
200 mL of 1.5 M sodium hydroxide (NaOH)

b 
50 mL of 0.99 M potassium carbonate (K2CO3)

c 
100 mL of 1.20 M ammonia (NH3)

d
20 mL of 0.50 M silver nitrate (AgNO3)

e
500 mL of 5.0 M copper chloride (CuCl2)

A22.

a
n = cV
= 1.5 M ( 200 ( 10–3 L



= 0.300 mol


M(NaOH)
= n ( M = 0.300 ( 40.0 



= 12 g

b
n = cV
= 0.99 M ( 50 ( 10–3 L



= 0.046 mol


M(K2CO3)
= n ( M = 0.046 ( 138.2 



= 6.84 g

c
n = cV
= 1.2 M ( 0.1



= 0.120 mol


M(NH3)
= n ( M = 0.120 ( 17



= 2.04 g

d
n = cV
= 0.50 M ( 20 ( 10–3 L



= 0.01 mol


M(AgNO3)
= n ( M = 0.01 ( 169.9 



= 1.7 g

e
n = cV
= 5.0 M ( 500 ( 10–3 L



= 2.5 mol


M(CuCl2)
= n ( M = 2.5 ( 134.5 



= 336 g

Q23.

What mass of solute is needed to prepare:

a
140 mL of 0.560 M KCl?

b
2.80 L of 1.04 M Cu(NO3)2?

c
70 mL of 0.20 M KOH?

d 
310 mL of 0.240 M HNO3?

e 
400 mL of 0.850 M CuSO4 from CuSO4.5H2O?

A23.

These are two-step questions involving n = cV, where c is the concentration of the solution in mol L–1 and V is the volume in litres. Then use m = nM, where M is the molar mass in g mol–1. Use a periodic table to work out the molar masses.

a
M(KCl) = 74.6 g mol–1

( n(KCl) = 0.560 ( 0.140 = 0.0784 mol


( m(KCl) = 0.0784 ( 74.6 = 5.85 g

b
546 g

c
0.78 g

d
4.69 g

e
84.8 g

Q24.

Typical household ammonia solution has a concentration of 1.24 mol L–1. What volume of this solution would contain 0.500 mol of NH3?

A24.

V = 
[image: image51.wmf]c
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 = 
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Q25.

In a solution containing Fe2(SO4)3, the concentration of the sulfate ions was 0.55 M. What is the concentration of the Fe2(SO4)3?

A25.

From the formula, the number of mole of sulfate is 3 times the number of mole of Fe2(SO4)3. Therefore, the concentration of the Fe2(SO4)3 is 
[image: image53.wmf]3
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 of c(Fe2(SO4)3); that is, 
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Q26.

A 1.5 L bottle of soft-drink contains 0.075 g of calcium, present as calcium ions. What is the concentration of calcium in mg L–1?

A26.

The symbol ‘m’ is used to represent the prefix ‘milli’. There are 1000 milligrams in 1 gram. 

Step 1: 0.075 g = 75 mg.

Step 2: Use the formula

    Concentration
= mass of solute (mg)/volume of solution (L)

( concentration
= 
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.

1

75




= 50 mg/L

Q27.

A solution of sodium carbonate has a concentration of 5.2 g L–1. A volume of 120 mL of this solution is diluted with water to 3.0 L. What is the concen​tration of the new solution?

A27.

With any dilution process, the amount of solute does not change. Remember: 1 L = 1000 mL.

( mass of Na2CO3 initially
= 
[image: image56.wmf]1000
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 ( 120



= 0.624 g

( new concentration of Na2CO3
= 
[image: image57.wmf]3000
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 ( 1000



= 0.21 g/L

Q28.

What volume of 10 M hydrochloric acid would be required to prepare 250 mL of 0.30 M HCl?

A28.

Dilution questions are best answered by using the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same, although not necessarily litres.

V2
= 0.30 ( 
[image: image58.wmf]10

50

2

 


= 7.5 mL

Q29.

Calculate the molarity of CaCl2 in each of the following:

a
200 mL of 0.40 M CaCl2 is diluted to 400 mL with water

b
25 mL of 0.40 M CaCl2 is added to 50 mL of 1.2 M CaCl2
A29.

Use c1V1 = c2V2, where c refers to the concentration or molarity in mol L–1 and V is the volume in litres.

a
c2 = 
[image: image59.wmf]400
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= 0.20 M 

b
n1 = 0.40 × 0.025 = 0.01 mol


n2 = 1.2 × 0.050 = 0.06 mol 

As 25 mL is added to 50 mL, Vfinal = 75 mL = 0.075 L


So, cfinal = 
[image: image60.wmf]0.075
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 = 0.93 M

Q30.

Calculate the concentration of chloride ions in Question 29.

A30.

The concentration of chloride ions is twice the concentration of the CaCl2. Therefore, c(Cl–) = 2 ( c(CaCl2) = 2 ( 0.024 M = 0.048 M
Q31.

How would you prepare 25 mL of 0.010 M NaCl, starting with a 0.500 M NaCl solution?

A31.

This question requires a calculation of the volume of the original NaCl solution required, using the formula c1V1 = c2V2.

V1 = 
[image: image61.wmf]500
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 = 0.5 mL of the original (0.500 M) NaCl solution required

Q32.

How much water must be added to 25 mL of 4.0 M solution of a potassium carbonate solution to dilute it to 1.5 M?

A32.

c1V1 = c2V2
V2 = 
[image: image62.wmf]2
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 = 
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 = 66.7 mL

( Volume to be added = 66.7 – 25 = 41.7 mL

Q33.

20.0 mL of water is added to 30.0 mL of 0.0500 M sodium carbonate. What is the concentration of sodium ions in the diluted solution?

A33.

c2 = 
[image: image64.wmf]2
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 = 
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 = 0.030 M

The concentration of Na+ ions is twice that of the Na2CO3 = 0.060 M.
You are probably familiar with the term per cent. It literally means ‘per hundred’ or ‘out of a hundred’. The symbol % is used for per cent.

1% of 200 is 2, so 2 g of the salt will be needed.

Q34.

Calculate the molar concentration of the following solutions:
a
3.5 L solution containing 2.2 mol potassium nitrate (KNO3)

b
100 mL solution containing 3.0 × 1020 ammonia molecules (NH3)

c 
200 mL water is added to 40 mL of 0.25 M KCl
A34.

The formula for amounts of substance in solution is n = c ( V (where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres). The formula needs to be rearranged to give c = 
[image: image66.wmf]V
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c = 
[image: image67.wmf]5

.

3

2

.

2

 = 0.63 M

b
Rearrange the formulas c = 
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, and n = 
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= 
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= 
[image: image71.wmf]1

.

0

10

0

.

3

A

20

´

´

N




= 5.0 ( 10–3 M


(Note Avogadro’s number, NA, is 6.02 ( 1023 and the volume units are in mL, and so we convert to litres.)

c
Dilution questions are best answered by applying the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same, although not necessarily litres.


The total volume = 200 + 40 = 240 mL = 0.240 L


( c2
= 40 ( 
[image: image72.wmf]240
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= 0.042 M


(Note that V2 is 240 mL because the 200 mL is added to the 40 mL.)

Q35.

Calculate the final molar concentrations when the following are mixed:
a
50.0 mL of 0.20 M NaOH and 50.0 mL of 0.20 M NaOH

b
100 mL of 0.20 M NaOH and 50.0 mL of 0.20 M NaOH

c
100 mL of 0.50 M NaOH and 20.0 mL of 0.14 M NaOH

d
200 mL of 0.50 M NaOH and 20.0 mL of 0.05 M NaOH

A35.

In each part of this question, work out the total amount in moles of the chemical and also the total volume of the solution.

Remember: the formula for amounts of substance in solution is n = c ( V (where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres).

The formula then needs to be rearranged to give c = 
[image: image73.wmf]V
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a
n
= (0.20 ( 0.050) + (0.20 ( 0.050)



= 0.02 mol


The total volume is 50.0 + 50.0 = 100 mL = 0.100 L


c
= 
[image: image74.wmf]V
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= 
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= 0.20 M


(Note: the volume units are in mL, and so we convert to litres. This answer is obviously correct because the two solutions both had the same molarity. Mixing them will not change the concentration.)

b
n
= (0.20 ( 0.100) + (0.20 ( 0.050) 



= 0.03 mol


The total volume is 100.0 + 50.0 = 150 mL = 0.150 L


c
= 
[image: image76.wmf]V
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c
= 
[image: image77.wmf]150
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= 0.20 M


(Note: the volume units were mL, and so were converted to litres. This answer is obviously correct because the two solutions both have the same molarity. Mixing them will not change the concentration.)

c
n
= (0.50 ( 0.100) + (0.14 ( 0.020) 



= 0.0528 mol


The total volume is 100.0 + 20.0 = 120 mL = 0.120 L


c
= 
[image: image78.wmf]V
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c
= 
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.

0

0528

.

0




= 0.44 M


(Note: the volume units are in mL, and so we convert to litres.)

d
n
= (0.50 ( 0.200) + (0.05 ( 0.020)



= 0.101 mol


The total volume is 200.0 + 20.0 = 220 mL = 0.220 L


c
= 
[image: image80.wmf]V
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c
= 
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= 0.46 M


(Note: the volume units are in mL, and so we convert to litres.)

Q36.

Consider the following solutions:
a 
25.0 mL of 0.050 M aluminium chloride (AlCl3)

b
32.6 mL of 0.015 M aluminium chloride (AlCl3)

For each solution calculate:

i
the amount (in mol) of aluminium chloride

ii
the amount (in mol) of aluminium ions
iii
the amount (in mol) of chloride ions
iv
the number of ions present altogether
A36.

Remember: the formula for amounts of substance in solution is n = c ( V (where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres).

a
i
n(AlCl3)
= 0.050 ( 0.025



= 0.0013 mol (or 1.3 ( 10–3 mol) 


(Note: the volume units are in mL, and so we convert to litres.)

ii
n(Al3+)
= n(AlCl3)



= 0.050 ( 0.025



= 0.0013 mol (or 1.3 ( 10–3 mol) 

iii
n(Cl–)
= 3 ( n(AlCl3) 



= 3 ( 0.050 ( 0.025



= 0.0038 mol (or 3.8 ( 10–3 mol)

iv
n(ions)
= n(Al3+) + n(Cl–)



= 0.0013 + 0.0038



= 0.0051


Number of ions
= 0.0051 ( NA


= 3.0 ( 1021
b
i
n(AlCl3)
= 0.015 ( 0.0326



= 0.000 49 mol (or 4.9 ( 10–4 mol)


(Note: the volume units are in mL, and so we convert to litres.)

ii
n(Al3+)
= n(AlCl3)



= 0.015 ( 0.0326



= 0.000 49 mol (or 4.9 ( 10–4 mol)

iii
n(Cl–)
= 3 ( n(AlCl3)




= 3 ( 0.015 ( 0.0326



= 0.0015 mol (or 1.5 ( 10–3 mol)

iv
n(ions)
= n(Al3+) + n(Cl–)



= 0.000 49 + 0.0015



= 0.0020


Number of ions
= 0.0020 ( NA


= 1.2 ( 1021
Q37.

Phosphoric acid is used in jams and jellies. If 50.0 mL of 3.0 M H3PO4 is diluted to 800 mL, what amount of H3PO4 (mol) is present in 40.0 mL of diluted solution?

A37.

This question can be completed in two steps:

Step 1
Dilution questions are best answered by using the formula c1V1 = c2V2, where c is the concentration in mol/L and V is the volume of the solution. Each of the volume units needs to be the same,although not necessarily litres.



c2
= 3.0 ( 
[image: image82.wmf]800
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= 0.19 M

Step 2
Remember that the formula for amounts of substance in solution is n = c ( V (where n is the amount in mole, c the concentration in mol/L and V the volume of the solution in litres).



n
= 0.19 ( 0.040




= 0.0075 mol 
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