Worked solutions to textbook questions
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Chapter 17 Equilibria involving acids and bases

Q1.

Calculate the pH of the following solutions:

a
0.000 10 M HNO3(aq)

b
0.050 M HCl(aq)

c
0.000 10 M KOH(aq)

d
0.020 M NaOH(aq).
A1.

pH = –log10[H3O+]

a
Step 1
As HNO3 is a monoprotic strong acid, there is one proton to donate fully. Hence the concentration of HNO3 equals the concentration of H3O+.



[HNO3]
= 1.0 ( 10–4


[H3O+]
= 1.0 ( 10–4

Step 2
Use formula to find pH.



pH
= –log(1.0 ( 10–4)





= 4

b
Step 1
As HCl is a monoprotic strong acid, there is one proton to donate fully. Hence the concentration of HCl equals the concentration of H3O+. 



[HCl]
= 5.0 ( 10–2


[H3O+]
= 5.0 ( 10–2

Step 2
Use formula to find pH.



pH
= –log(5.0 ( 10–2)





= 1.3

c
Step 1
As KOH is a strong base, the concentration of KOH equals the concentration of OH–.



[KOH]
= 0.00010 M



[OH–]
= 0.00010 M





= 1.0 ( 10–4 M


Step 2
Calculate [H3O+] from the self-ionisation constant of water.



[H3O+][OH–]
= 10–14



[H3O+]

= 
[image: image49.png]Harcourt Education









= 1.0 ( 10–10 M


Step 3
Use formula to find pH.



pH
= –log10(1.0 ( 10–10)





= 10

d
Step 1
As NaOH is a strong base, the concentration of NaOH equals the concentration of OH–.



[NaOH]
= 0.020 M




[OH–]
= 0.020 M





= 2.0 ( 10–2 M


Step 2
Calculate [H3O+] from the self-ionisation constant of water.



[H3O+][OH–]
= 10–14 



[H3O+]
= 
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= 5.0 ( 10–13 M


Step 3
Use formula to find pH.



pH
= –log10(5.0 ( 10–13)





= 12.3
Q2.

Calculate the concentration of H3O+ and OH– ions at 25°C in:

a
pancreatic juice of pH 8.0

b
Coca-Cola of pH 3.0

c
urine of pH 6.0
A2.

a
Step 1
Calculate [H3O+] from the pH value.



pH
= 8.0



[H3O+]
= 1.0 ( 10–8

Step 2
At 25°C, [H3O+][OH–] = 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
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= 1.0 ( 10–6 M

b
Step 1
Calculate [H3O+], using the pH value.



pH
= 3.0



[H3O+]
= 1.0 ( 10–3 M


Step 2
At 25°C, [H3O+][OH–] = 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
[image: image4.wmf]3
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= 1.0 ( 10–11 M

c
Step 1
Calculate [H3O+] from the pH value.



pH
= 6.0



[H3O+]
= 1.0 ( 10–6 M


Step 2
At 25°C, [H3O+][OH–] = 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
[image: image5.wmf]6

14

10

0

.

1

10

0

.

1

-

-

´

´






= 1.0 ( 10–8 M
Q3.

Complete the following table.

	Solution
	[Solute]

(M)
	[H3O+]

(M)
	[OH–]

(M)
	Is the solution acidic, basic or neutral?

	HCl(aq)
	0.010
	
	
	

	HNO3(aq)
	
	0.030
	
	

	NaOH(aq)
	
	
	0.020
	

	Ca(OH)2(aq)
	0.0010
	
	
	


A3.

Each row in the table is completed in three steps.

Row 1

Step 1
Knowing that HCl is a strong monoprotic acid where 1 mol will ionise to form 1 mol H3O+ ions and given [HCl] = 0.010 M, calculate [H3O+].



[HCl]

= 0.010 M



[H3O+]
= 0.010 M = 1 ( 10–2 M

Step 2
At 25°C, [H3O+][OH–] = 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
[image: image6.wmf]2
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= 1 ( 10–12 M

Step 3
If [H3O+] > 10–7 M or [OH–] < 10–7 M the solution will be acidic.

( The HCl is acidic

Row 2

Step 1
Knowing that HNO3 is a strong monoprotic acid where 1 mol will ionise to form 1 mol H3O+ ions and given [H3O+] = 0.030 M, calculate [HNO3].



[H3O+]
= 0.030 M 



[HNO3]
= 0.030 M

Step 2
At 25(C, [H3O+][OH–]
= 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
[image: image7.wmf]030
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= 3.3 ( 10–13 M

Step 3
If [H3O+] > 10–7 M or [OH–] < 10–7 M the solution will be acidic.

( The HNO3 is acidic

Row 3

Step 1
Knowing that NaOH is a strong base where 1 mol will dissociate to form 1 mol OH–, and given that [OH–] = 0.020 M, calculate [NaOH].



[OH–]
= 0.020 M 



[NaOH]
= 0.020 M

Step 2
At 25°C, [H3O+][OH–]
= 1.0 ( 10–14. Use this relationship to calculate [H3O+].



[H3O+]
= 
[image: image8.wmf]020
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= 5 ( 10–13 M

Step 3
If [H3O+] < 10–7 M or [OH–] >10–7 M the solution will be basic.

( The NaOH is basic

Row 4

Step 1
Knowing that Ca(OH)2 is a strong base where 1 mol will dissociate to form 2 mol OH–, and given [Ca(OH)2] = 0.0010 M, calculate [OH–].



[Ca(OH)2]
= 0.0010 M 



      [OH–]
= 2 ( 0.0010 M 





= 0.0020 M

Step 2
At 25°C, [H3O+][OH–]
= 1.0 ( 10–14. Use this relationship to calculate [H3O+].



    [H3O+]
= 
[image: image9.wmf]0020
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= 5 ( 10–12 M

Step 3
If [H3O+] < 10–7 M or [OH–] >10–7 M the solution will be basic.

( The Ca(OH)2 is basic.

	Solution
	[Solute]

(M)
	[H3O+]

(M)
	[OH–]

(M)
	Is the solution acidic, basic or neutral?

	HCl(aq)
	0.010
	0.010
	1 ( 10–12
	acidic

	HNO3(aq)
	0.030
	0.030
	3.3 ( 10–13
	acidic

	NaOH(aq)
	0.020
	5 ( 10–13
	0.020
	basic

	Ca(OH)2(aq)
	0.0010
	5 ( 10–12
	0.0020
	basic


E1.

Use the information provided in Figure 17.6 to explain why gradual changes in the concentration of atmospheric carbon dioxide has not resulted in a change in the pH of the oceans.
AE1.

CO2(g) ( CO2(aq) 

CO2(aq) + H2O(l) (H+(aq) + HCO3–(aq)

CO32–(aq) + H+(aq) ( HCO3–(aq)

CaCO3(s) ( Ca2+(aq) + CO32–(aq)
An increase in [CO2(g)] will increase [CO2(aq)] which in turn will increase 

[HCO3–(aq)] and [H+(aq)]. Increase in [HCO3–(aq)] will force the carbonate/hydrogen carbonate equilibrium to the left increasing [CO32–(aq)] and consuming H+(aq). The net reaction does not involve a change in [H+(aq)]. Consequently the pH does not change.
E2.

The shells of marine animals consist of calcium carbonate, which is in equilibrium with dissolved carbonate ion in the oceans. Why would some scientists have suggested that the increased concentration of dissolved carbon dioxide could have an adverse effect on marine organisms before there is a measurable change in the pH of the oceans?
AE2.

Calcium carbonate will react with the acidic solution resulting from the reaction between carbon dioxide and water.
CaCO3(s) + CO2(aq) + H2O(l) ( Ca2+(aq) + 2HCO3–(aq)
Q4.

Write Ka expressions for each of the following acids:

a
NH4+
b
HCOOH

c
HCN
A4.

a
Ka = 
[image: image10.wmf]]
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Ka = 
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Ka = 
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Q5.

Chloroacetic acid is a weak monoprotic acid with a Ka of 1.3 × 10–3 M. For a 1.0 M solution of chloroacetic acid, calculate:

a
the pH

b
the percentage hydrolysis
A5.

a
Step 1
Write the equation for the ionisation of CH2ClCOOH.




CH2ClCOOH(aq) + H2O(l) ( H3O+(aq) + CH2ClCOO–(aq)


Step 2
Write the Ka expression.



Ka = 
[image: image13.wmf]ClCOOH
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Step 3
Because CH2ClCOOH is a weak acid, we assume that the extent of ionisation is very small, so [CH2ClCOOH] is the same as it was initially. 



[CH2ClCOOH] = 1.0 M


Step 4
From the equation for every mole of H3O+ formed there is 1 mol CH2ClCOO– formed.



[H3O+] = [CH2ClCOO–]


Step 5
Substitute into the Ka expression and calculate the [H3O+].



Ka
= 1.3 (10–3 M = 
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[H3O+]2
= 1.3 (10–3 M ( 1.0 M





= 1.3 (10–3 M2



[H3O+]
= 
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= 0.036 M


Step 6
Calculate the pH.



pH
= –log10[H3O+]




= –log10(0.036)




= 1.4

b
% hydrolysis
= 
[image: image16.wmf]ClCOOH]
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= 3.6%
Q6.

The following equilibria are involved in the transport of carbon dioxide throughout the body:

In the lungs: CO2(g) ( CO2(aq)

In body tissues: CO2(aq) + H2O(l) ( H2CO3(aq) ( H+(aq) + HCO3–(aq)

Buffers in the blood prevent these reactions from causing large changes in pH.

a
Use Le Chatelier’s principle to explain what would otherwise happen to the pH of blood:

i
in the lungs, where CO2(g) is breathed out

ii
in the tissues, where CO2(aq) is produced by reactions occurring in the cells

b
Hyperventilation results from rapid breathing.

i
When might a person experience hyperventilation?

ii
Use the above equations to explain what effect hyperventilation has on blood pH.

iii
Find out how to treat a person suffering from this condition.

c
During cardiac arrest the heart stops beating, but other cellular functions continue. Doctors sometimes quickly inject a sodium hydrogen carbonate solution directly into the heart muscle before restarting the heart. Why?
A6.

a
i
As carbon dioxide gas is released, the series of reactions shifts backwards. This results in a decrease in the concentration of H+ ions and an increase in pH which is minimised by the presence of buffers.

ii
As carbon dioxide gas is produced, the series of reactions shifts forwards. This results in an increase in the concentration of H+ ions and a decrease in pH which is also minimised by buffers.

b
i
Hyperventilation can be experienced during moments of intense stress, such as during childbirth or when a person is extremely afraid.

ii
Rapid exhalation of carbon dioxide leads to a net back reaction and an increase in the blood pH.

iii
By breathing into a bag, a person suffering from hyperventilation inhales higher concentrations of carbon dioxide than usual. This forces the reactions forward, lowering the blood pH to more normal levels.

c
During cardiac arrest the cells continue to undergo respiration, producing carbon dioxide gas. The concentration of H+ ions in body fluids will increase during this period. Injecting basic HCO3– ions into the body counteracts this effect.
Chapter review

Q7.

Identify the conjugate acid–base pairs in the following equations.

a
HNO3(aq) + H2O(l) ( H3O+(aq) + NO3–(aq)

b
HCN(aq) + H2O(l) ( H3O+(aq) + CN–(aq)

c
HCO3–(aq) + H2O(l) ( H2CO3(aq) + OH–(aq)

d
PO43–(aq) + H2O(l) ( HPO42–(aq) + OH–(aq)
A7.

a
HNO3 and NO3–; H3O+ and H2O

b
HCN and CN–; H3O+ and H2O

c
H2CO3 and HCO3–; H2O and OH–
d
HPO42– and PO43–; H2O and OH–
Q8.

Perchloric acid (HClO4) is a strong monoprotic acid. For a 0.0100 M perchloric acid solution, calculate:

a
[OH–]

b
pH
A8.

a
Step 1
Knowing that HClO4 is a strong monoprotic acid where 1 mol will ionise to form 1 mol of H3O+ ions, and given [HClO4] = 0.0100 M, calculate [H3O+].



[HClO4]
= 0.0100 M



[H3O+]
= 0.0100 M 





= 1 ( 10–2 M


Step 2
At 25°C, [H3O+][OH–] = 1.0 ( 10–14. Use this relationship to calculate [OH–].



[OH–]
= 
[image: image18.wmf]2
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= 1 ( 10–12 M

b
pH
= –log10[H3O+]



= –log10(1 ( 10–2)



= 2
Q9.

100 mL of hydrochloric acid of pH 4.0 is mixed with 100 mL of hydrochloric acid of pH 5.0. What is the pH of the solution formed?
A9.

Step 1
Calculate [HCl] by using the formula for pH.



In the first solution pH
= 4






[HCl]
= 1 ( 10–4 M



In the second solution pH
= 5






[HCl]
= 1 ( 10–5 M

Step 2
Calculate the amount of HCl mixed initially.



In solution 1 and 2, n(HCl)
= (0.100 ( 1 ( 10–4) + (0.100 ( 1 ( 10–5)







= 1.1 ( 10–5 mol

Step 3
Using the final volume of acid as 200 mL (0.200 L), calculate [HCl].



[HCl]
= 
[image: image19.wmf]V

n





= 1.1 ( 10–5 mol/0.200 L




= 5.5 ( 10–5 M

Step 4
Calculate the final pH.



pH
= –log10[H3O+]




= –log10(5.5 ( 10–5)




= 4.3
Q10.

Calculate the pH of the solution formed when 7.30 g of hydrogen chloride is dissolved in water to make up 2.00 L of solution.
A10.

Step 1
Calculate the amount of HCl.



n(HCl)
= 
[image: image20.wmf]1
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= 0.2002 mol

Step 2
Calculate [HCl].



[HCl]
= 0.2002 mol/2.00 L




= 0.1001 M

Step 3
Knowing that HCl is a strong monoprotic acid where 1 mol will ionise to form 1 mol of H3O+ ions, and given [HCl] = 0.1001 M, calculate [H3O+].



[HCl]

= 0.1001 M



[H3O+]
= 0.1001 M 

Step 4
Use pH = –log10[H3O+] to find pH. 



pH
= –log10(0.1001) 




= 1.00
Q11.

10.0 mL of lemon juice of pH 2.00 was diluted so that the final volume was 1000 mL. Calculate the pH of the resulting solution.
A11.

Step 1
Using the formula [H3O+] = 10–pH calculate [H3O+] in the lemon juice.




pH
= 2.00




[H3O+]
= 10–2 M = 0.0100 M

Step 2
Calculate the amount of H3O+ ions in the lemon juice initially.



n(H3O+)
= 0.0100 M ( 0.0100 L





= 0.0001 mol

Step 3
Calculate [H3O+] in diluted lemon juice.



[H3O+]
= 0.0001 mol/1.000 L





= 0.0001 M





= 10–4 M

Step 4
Calculate the pH.



pH
= –log10(10–4)




= 4.00

There is a faster method of doing this question, if you realise that as [H3O+] increases by a power of 10, pH decreases by 1, because it is a negative logarithmic relationship. The lemon juice has been diluted by a factor of 100, therefore the pH will increase by 2 to become pH = 4. As these are common multiple-choice questions, it is worth being able to do them quickly. 
Q12.

What mass of hydrogen chloride gas must be dissolved in 1.00 L of hydrochloric acid to change the pH from 2.0 to 1.0, if it is assumed that no change in volume occurs?
A12.

Step 1
Calculate initial [H3O+].



pH
= 2.0



[H3O+]
= 10–2.0 M




= 0.010 M

Step 2
Calculate final [H3O+].



pH
= 1.0



[H3O+]
= 10–1.0 M




= 0.10 M

Step 3
Calculate the amount of HCl that must be added.



V(HCl)
= 1.00 L



n(HCl)
= (0.10 – 0.010) mol




= 0.090 mol

Step 4
Calculate the mass of HCl.



m(HCl)
= 0.090 mol ( 36.458 g mol–1



= 3.3 g (two significant figures)
Q13.

Find the pH of the solution formed when:

a
100 mL of 0.0100 M hydrochloric acid is added to 20 mL of 0.0100 M potassium hydroxide solution

b
50 mL of 0.0100 M hydrochloric acid is added to 50 mL of 0.0200 M nitric acid

c
50 mL of 0.0100 M hydrochloric acid is added to 50 mL of 0.0100 M sodium hydroxide solution
A13.

a
Step 1
Write a balanced equation.




HCl(aq) + KOH(aq) ( KCl(aq) + H2O(l)


Step 2
From the equation, 1 mol acid reacts with 1 mol base. Because the acid and base are the same concentrations and 100 mL acid is mixed with only 20 mL base, the acid is in excess. Calculate the amount of acid in excess.



n(HCl)excess
= 0.0100 M ( 0.080 L





= 0.0008 mol


Step 3
Calculate the new total volume of solution.



V = 120 mL = 0.120 L


Step 4
Calculate [H3O+].



[H3O+]
= 0.0008 mol/0.12 L





= 0.006667 M


Step 5
Calculate the pH, using pH = –log10[H3O+].



pH
= –log10(0.006667)




= 2.2 

b
Step 1
Calculate the amount of each acid.



n(HCl)
= 0.0100 M ( 0.050 L





= 0.00050 mol



n(HNO3)
= 0.0200 M ( 0.050 L





= 0.0010 mol


Step 2
Because each acid is a strong monoprotic acid, each will ionise to produce 1 mol H3O+ ions. Calculate the amount of H3O+ ions.



n(H3O+)
= 0.0050 mol + 0.0010 mol





= 0.0015 mol


Step 3
Calculate the total volume of the two acids.



V = 100 mL = 0.100 L


Step 4
Calculate [H3O+].



[H3O+]
= 0.0015 mol/0.100 L





= 0.015 M


Step 5
Calculate pH.



pH
= –log10(0.015)




= 1.8 

c
Step 1
Write a balanced equation.



HCl(aq) + NaOH(aq) ( NaCl(aq) + H2O(l)


Step 2
From the equation, 1 mol acid reacts with 1 mol base. Because equal volumes and concentrations of the acid and base are used, then equal amounts of acid and base react. Neither is in excess, so the solution is neutral. 



pH = 7
Q14.

In pure water at 25°C, the concentration of both H3O+ and OH– ions is 10–7 M due to the reaction described by the equation:

2H2O(l) ( H3O+(aq) + OH–(aq)

The forward reaction is endothermic. Suppose some pure water is heated.

a
What happens to the value of Kw?

b
What happens to the concentration of H3O+ and OH– ions?

c
What happens to the pH?

d
Does the water become acidic, neutral or basic? Explain.
A14.

a
As the temperature increases, the forward endothermic reaction is favoured and the [H3O+] and [OH–] will both increase resulting in an increase in Kw.
b
both increase

c
decreases
d
neutral; since [H3O+] = [OH–]
Q15.

Solutions of the acid–base indicator methyl red contain an equilibrium mixture of the red-coloured acid form of the indicator and a yellow-coloured conjugate base form. The equilibrium can be represented by:

HMr(aq) ( H+(aq) + Mr–(aq)

red

yellow

The equilibrium constant for the reaction is 10–5 M at 25°C.

a
Write an expression for the equilibrium constant for the reaction.

b
Calculate the value of the ratio 
[image: image21.wmf]HMr]
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 when the indicator is dissolved in a solution of pH 2.

c
Predict the colour of the indicator in the solution in part b.

d
What colour would the indicator be in solutions of:

i
pH 5?

ii
pH 10?
A15.

a
K = 
[image: image22.wmf][HMr]
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b
Step 1
Calculate [H+].



pH
= 2



[H+]
= 10–2 M


Step 2
Rearrange the equilibrium constant expression from part a.




[image: image23.wmf]]
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Step 3
Substitute to calculate the ratio 
[image: image24.wmf][HMr]
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d
i
orange

ii
yellow
Q16.

A 0.100 M solution of hypoiodous acid (HOI) has a pH of 5.8.

a
Write an equation for the ionisation of hypoiodous acid.

b
Write an expression for Ka for hypoiodous acid.

c
Calculate [H3O+] in the solution.

d
Calculate Ka for hypoiodous acid.
A16.

a
HOI(aq) + H2O(l) ( H3O+(aq) + OI–(aq)

b
Ka = 
[image: image27.wmf][HOI]
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c
[H3O+]
= 10–pH



= 1 ( 10–5.8 M




= 1.6 ( 10–6 M

d
Step 1
Because HOI is a weak acid, we assume that the extent of ionisation is very small. Hence calculate [HOI].



[HOI] = 0.100 M


Step 2
From the equation, for every mole of H3O+ formed 1 mol OI– is formed. Calculate [OI–].



[OI–]
= [H3O+]




= 1.6 ( 10–6 M


Step 3
Substitute these values in the expression for Ka in part b and calculate.



Ka
= 
[image: image28.wmf]M
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= 2.56 ( 10–11 M



= 2.6 ( 10–11 M
Q17.

A student investigating an equilibrium mixture produced by reacting methanoic acid (HCOOH) and water finds that the pH of the solution is 2.4 and the concentration of HCOOH is 0.10 M. Calculate the Ka of methanoic acid.
A17.

Step 1
Calculate [H3O+].



[H3O+]
= 10–pH




= 10–2.4




= 4.0 ( 10–3 M

Step 2
As this is a weak monoprotic acid, for every mole of H3O+ ions formed there is 1 mol HCOO– formed. Calculate [HCOO–].



[HCOO–]
= [H3O+]





= 4.0 ( 10–3 M

Step 3
Because HCOOH is a weak acid, we assume that the extent of ionisation is very small, so [HCOOH] is the same as it was initially.



[HCOOH] = 0.10 M

Step 4
Calculate Ka.


Ka
= 
[image: image29.wmf][HCOOH]
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= 1.6 ( 10–4 M
Q18.

Ethanoic acid, with a Ka of 1.75 × 10–5 M, is the principal acidic constituent in vinegar. A particular brand of vinegar is found to have a pH of 3.0. Calculate the concentration of ethanoic acid in the vinegar.
A18.

Step 1
Write the expression for Ka.



Ka = 
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Step 2
As this is a weak monoprotic acid, for every mole of H3O+ ions formed there is 1 mol CH3COO– formed. Calculate [H3O+].



[H3O+]
= 10–pH




= 10–3.0 M





= 1 ( 10–3.0 M = [CH3COO–]

Step 3
Substitute to calculate [CH3COOH].



[CH3COOH]
= 
[image: image32.wmf]a
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= 
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= 0.057 M
Q19.

Benzoic acid is added in small amounts to some foods to act as a preservative. A 1.0 M solution of benzoic acid is 1.4% hydrolysed.

a
Calculate Ka for benzoic acid.

b
What percentage of benzoic acid molecules will be hydrolysed in a 0.10 M solution?
A19.

a
Step 1
As the solution is a weak acid the [C6H5COOH] initially will be assumed to be the same as the concentration after hydrolysis, due to the very small extent of hydrolysis. Calculate [C6H5COO–].



% hydrolysis
= 1.4%
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Step 2
As this is a weak monoprotic acid, for every mole of H3O+ ions formed there is 1 mol C6H5COO– formed. Calculate [H3O+].



[H3O+]
= [C6H5COO–] 





= 0.014 M


Step 3
Write the expression for Ka.



Ka = 
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Step 4
Calculate Ka.



Ka
= 
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= 2.0 ( 10–4 M

b
Step 1
Ka will be the same for this solution. Use this to calculate [C6H5COO–] that is the same as [H3O+].




[C6H5COO–]
= [H3O+]
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Step 2
To determine [C6H5COOH] we make the assumption again that the extent of ionisation is very small. Hence [C6H5COOH] is the same as it was initially. Calculate [C6H5COOH].



[C6H5COOH] = 0.10 M


Step 3
Write the expression for % hydrolysis.



% hydrolysis = 
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Step 4
Calculate % hydrolysis.



% hydrolysis
= 
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= 4.4% (two significant figures)
Q20.

A buffer made from sodium hydrogen carbonate (NaHCO3) and carbonic acid (H2CO3) is sometimes used in swimming pools.

a
What is the function of a buffer?

b
Using this buffer as an example, explain how buffers operate.

c
Use the information on page 285 to explain the advantages of a buffer in pool water.
A20.

a
Buffers resist changes in the pH of a solution.

b
Acids added to the water in the pool react with the basic HCO3– ions, while bases added to the water react with carbonic acid (H2CO3), so that pH changes in the pool are minimised.

c
The pH of the water in swimming pools must be kept within narrow limits. If the pH rises above 7.8, the population of bacteria and algae will increase to unacceptable levels; if the pH drops below 7.2 swimmers may experience irritation to body tissues, such as the eyes.
Q21.

a
Write ionic equations to explain why:
i
ammonium chloride has a pH less than 7
ii
sodium sulfide has a pH greater than 7
b
Sodium carbonate is readily soluble in water but calcium carbonate is insoluble. A solution of sodium carbonate was found to have a pH of 8. A quantity of calcium nitrate was added to the solution. Using ionic equations, explain the effect the addition of calcium nitrate would have on the pH of the solution.
A21.

a
i
The ammonium ion acts as a proton donor so H3O+ ions are formed in water and the solution becomes slightly acidic.



NH4+(aq) + H2O(l) ( NH3(aq) + H3O+(aq)

ii
The sulfide ion acts as a proton acceptor so OH– ions are formed in water and the solution becomes slightly basic.



S2–(aq) + H2O(l) ( HS–(aq) + OH–(aq)

b
Na2CO3(s) ( 2Na+(aq) + CO32–(aq)

CO32–(aq) + H2O(l) ( HCO3–(aq) + OH–(aq)

The solution of sodium carbonate is slightly basic due to the formation of hydroxide ions when the carbonate ion reacts with water. When calcium nitrate is added to the sodium carbonate solution, insoluble calcium carbonate forms:



Ca+(aq) + CO32–(aq) ( CaCO3(s)
This results in a reduction in the [CO32–(aq)], which shifts the equilibrium of the acid–base reaction to the left, reducing [OH–], and so the pH of the solution decreases.
Q22.

Propanoic acid (abbreviated to HPr) is a weak monobasic acid used to retard the growth of mould in foods. A 0.100 M solution was prepared. The acidity constant for the acid is

Ka = 1.30 ( 10–5 M

a
Assuming x moles of HPr dissociate, complete the following table.

	
	[HPr]
	[H3O+]
	[Pr–]

	Initial concentration (M)
	0.100
	0
	0

	Change in concentration (M)
	–x
	
	

	Equilibrium concentration (M)
	0.100 – x ( 0.100
	
	


b
Determine [H3O+].

c
Determine the pH of the solution.

d
Determine the percentage dissociation of HPr.
A22.

a

	
	[HPr]
	[H3O+]
	[Pr–]

	Initial concentration (M)
	0.100
	0
	0

	Change in concentration (M)
	–x
	x
	x

	Equilibrium concentration (M)
	0.100 – x ( 0.100
	x
	x


b
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[H3O+]
= 1.14 ( 10–3 M

c
pH = 2.94

d
% dissociation = 
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