ACIDS AND BASES

 Answers to end-of-chapter questions
	1.
	a)
	Kw = [H3O+][OH-] = 1 x 10-14 mol2dm-6
pKw = 14
	1

1

	
	b)
	A strong acid/base is one which fully dissociates in water
	1

	
	c)
	i)
	H3O+(aq) + OH-(aq) ( 2H2O(l)
	1

	
	
	ii)
	Exothermic
	1

	
	
	iii)
	2H2O(l) == H3O+(aq) + OH-(aq) is the reverse reaction so must be endothermic
	1

	
	
	iv)
	Increasing temperature will shift equilibrium in endothermic direction

So Kw increases
	1

1

	
	
	v)
	Kw increases so pKw decreases
	1

	
	
	
	
	Total 9

	2.
	a)
	pH = -log[H3O+]

pKa = -logKa
	1

1

	
	b)
	It is one colour in excess acid, another in excess alkali
It should change colour over a fairly narrow pH range
	1
1

	
	c)
	pKa = 4.85 so Ka = 10-4.85
C2H5COOH + H2O == C2H5COO- + H3O+
K = [H3O+][C2H5COO-]    =    [H3O+]
           [C2H5COOH]           [C2H5COOH]

[H3O+] = √([C2H5COOH] x Ka) = 2.53 x 10-3 moldm-3
pH = -log[H3O+] = 2.60 
	1
1

1

1

1

	
	
	
	
	Total 11


	3.
	a)
	HF + H2O == H3O+ + F-  ∆H = +ve

If temperature increases, eqm moves in endothermic direction, ie to the right

So Ka will increase
	1

1

	
	b)
	10/1000 x 0.5 = 5 x 10-3 moles

total volume = 110 cm3
[OH-] = 5 x 10-3/(110/1000) = 0.045 moldm-3
Ka = [H3O+][OH-] = 1 x 10-14 moldm-3
So [H3O+] = Ka/[OH-] = 2.2 x 10-13 moldm-3
pH = 12.7
	1

1

1

1

	
	c)
	i)
	Ka = [H3O+][F-] so [H3O+] = Ka[HF]
             [HF]                              [F-]

= 10-3.45 x 0.5/0.5

so [H3O+] = 10-3.45
pH = 3.45
	1
1

1

	
	
	ii)
	HF     +     OH- (    F-     +     H2O
0.05       5 x 10-3     0.05

0.045         -         0.055

V = 0.11 dm3
[HF] = 0.045/0.11 = 0.409 moldm-3
	1

1

1

	
	
	iii)
	[F-] = 0.055/0.11 = 0.50 moldm-3
	1

	
	
	iv)
	[H3O+] = K[HF] = 10-3.45 x 0.409/0.5
                [F-]

pH = 3.53
	1
2

	
	
	
	
	Total 16


	4.
	a)
	pH = 2.69 so [H3O+] = 2.04 x 10-3 moldm-3
Ka = [H3O+][A-] = [H3O+]2 = 2.78 x 10-5 moldm-3
            [HA]           [HA]
	1

2

	
	b)
	i)
	Moles of HA = 25/1000 x 0.15 = 3.75 x 10-3
HA + OH- ( A- + H2O

So moles of OH- = 3.75 x 10-3
So volume of OH- = 3.75 x 10-3/0.25 x 1000 = 15 cm3
Weak acid – strong alkali pH > 7 at equivalence

A is slightly basic A- + H2O ( HA + OH-
	1

1

1

	
	
	ii)
	At half-neutralisation [HA] = [A-]
So Ka = [H3O+]

pH = pKa = -log(2.78 x 10-5) = 4.56
	1
1

	
	
	iii)
	HA     +            OH-   ( A-    + H2O
3.75 x 10-3       6.25 x 10-3
-                       2.5 x 10-3 

excess OH- = 2.5 x 10-3 moles

total volume = 25 + 25 = 50 cm3 = 0.05 dm3
[OH-] = 2.5 x 10/0.05 = 0.05 moldm-3
[H3O+] = 10/0.05 = 2 x 10-13 moldm-3
pH = 12.7
	1

1

1

	
	
	
	
	Total 11

	6.
	a)
	Similarities:

Same volume of NaOH required to reach end-point

Same pH in excess alkali

Differences:

pH before neutralisation lower for HCl

pH at neutralisation lower for HCl
	1

1

1

1

	
	b)
	They must be one colour in acid and a different colour in alkali

In i) pH change at end-point = 4 – 10

In ii) pH change at end-point = 7 – 10

A suitable indicator must change colour over pH range 7 – 10. Phenolphthalein changes colour between pH 8 – 10 so should be suitable for both
	1

1

1

1 

	
	c)
	During titration, mixture forms a buffer solution

HA + OH- ( A- + H2O

At half-neutralisation [HA] = [A-]

Ka = [H3O+][A-] = [H3O+]

           [HA]

pH = pKa so pKa = 4.30

Ka = 5.01 x 10-5 moldm-3

HA + H2O == H3O+ + A-
Ka = [H3O+][A-]   = [H3O+]2
          [HA]              [HA]

[HA] = [H3O+]2/Ka = (10-2.5)2/5.01 x 10-5 = 0.2 moldm-3
	1

1

1

1

3

	
	
	
	
	Total 15


	7.
	a)
	i)
	HA + H2O == H3O+ + A-
Ka = [H3O+][A-] = [H3O+]2 = 1.53 x 10-5 moldm-3
            [HA]           [HA]
	1
4

	
	
	ii)
	If the temperature is increased, the reaction moves in the endothermic direction
So it dissociates more

So the pH decreases
	1

1

1

	
	b)
	HX        +  OH-    (    X- +   H2O

n                n/3

2n/3             -              n/3
	

	
	
	i)
	2n/3
	1

	
	
	ii)
	[HX]/[X-] = 2n/n = 2
	2

	
	
	iii)
	[HX]/[X-] = 2 so [X-]/[HX] = 0.5
Ka = [H3O+][X-] = 4.2 x 10-4 x 0.5 = 2.1 x 10-4 moldm-3
             [HX]
	2

	
	c)
	The end-point of the reaction between HX and NaOH will occur over a pH range of 7 – 10. Methyl orange changes colour in acidic conditions so will not be able to detect the end-point
	1

1

	
	d)
	A buffer is a solution which can resist changes in pH on addition of small quantities of acid or alkali.

Solution B can use its X- ion to react with hydrochloric acid:

 X- + H3O+ ( HX + H2O
	1

1

1

	
	
	
	
	Total 18


	8.
	a)
	i)
	Weak – only slightly dissociates in water

Strong – fully dissociates in water
	1

1

	
	
	ii)
	Ka = (10-2.74)2/C = 2.07 x 10-5 moldm-3
It is reasonable to use this approximation because the almost all of the H ions are from the acid (and very few from the water) so the concentration of H and X are almost equal and [H+][X-] = [H+]2
It is also reasonable because the acid is only slightly dissociated, and so the concentration of the dissociated acid is only slightly less then C.
	4
1

1

	
	b)
	i)
	Moles of S/W = 18/1000 x 0.16 = 2.88 x 10-3
Moles of Z = 2.88 x 10-3/2 = 1.44 x 10-3
Volume of Z = 1.44 x 10-3/0.12 = 0.012 dm3  = 12 cm3
Half-equivalence = 6 cm3, double equivalence = 24 cm3
	1
1

1

2


	
	
	ii)
	S: moles of H+ at start = 2.88 x 10-3
So moles at half-equivalence = 1.44 x 10-3
Total volume = 18 + 6 = 24 cm3
[H+] = 1.44 x 10-3/24 x 1000 = 0.06 moldm-3
pH at half-equivalence = -1og[H+] = 1.22

W: at half-equivalence [HX] = [X-]

Ka = [H+][X-]/[HX] = [H+]

pH at half-equivalence = pKa = -log(2.07 x 10-5) = 4.68

at double-equivalence moles of OH- = 2.88 x 10-3
total volume = 18 + 24 = 42 cm3
[OH-] = 2.88 x 10-3/42 x 1000 = 0.0686 moldm-3
[H+] = 1 x 10-14/ 0.0686 = 1.46 x 10-13
pH = -log[H+] = 12.83
	1
1

1

1

1

1

1

1

1

	
	
	
	start
	Half equivalence
	equivalence
	Double equivalence
	

	
	
	Volume/cm3
Ba(OH)2 solution added
	0
	6
	12
	24
	

	
	
	pH for titration of S
	0.80
	1.22
	7
	12.83
	

	
	
	pH for titration of W
	2.74
	4.68
	8.5
	12.83
	

	
	
	iii)
	[image: image1.emf]Titratrion curves for S and W titrated with Z
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	4

	
	c)
	i)
	A solution which can resist a large pH change

On the addition of small quantities of alkali or acid

When half-neutralised, W contains HX and X-
Which can remove any added H+ and OH- ions

HX + OH- ( X- + H2O

X- + H+ ( HX
	1

1

1

	
	
	ii)
	An acidic buffer has a pH less than 7, but a basic buffer has a pH greater than 7.

A half-neutralised solution of W is an acidic buffer

You can make a basic buffer by half-neutralising a solution of a weak base, such as ammonia
	1

1

1

	
	
	
	
	Total

30


	9.
	a)
	i)
	From graph 11.8 cm3 of NaOH required
So 11.8/1000 x 0.12 = 1.416 x 10-3 moles of NaOH

So 1.416 x 10-3 moles of HA

[HA] = 1.416 x 10/0.025 = 0.05664 moldm-3
	1
1

	
	
	ii)
	Ka = [H3O+][A-] 
            [HA]
	1

	
	
	iii)
	[HA] = [A-] = half-neutralisation = 5.9 cm3
pH at this point = 4.3
	1
1

	
	
	iv)
	If [HA] = [A-] then Ka = [H3O+] = 10-4.30
= 5.01 x 10-5 moldm-3
	3
1

	
	b)
	i)
	The buffer contains HA, which can neutralise NaOH
NaOH + HA ( NaA + H2O
	1
1

	
	
	ii)
	The buffer contains NaA, which can neutralise HCl
NaA + HCl ( HA + NaCl
	1
1

	
	
	
	
	Total 13


	10.
	a)
	Between point A and point B:

HCl + Na2CO3 ( NaHCO3 + NaCl

Between point C and point D:

HCl + NaHCO3 ( CO2 + H2O + NaCl
	1

1

	
	b)
	The second end-point is at 30 cm3, so the first must be at 15 cm3. So 15 cm3 must be needed.
	1

	
	c)
	Methyl orange would be suitable for detecting the end-point between D and E. It would not change colour between B and C because it does not start changing colour until the pH is between 4 and 5.
	1

1

	
	d)
	Na2CO3 + 2HCl ( 2NaCl + CO2 + H2O

 Moles of HCl = 30/1000 x 0.12 = 3.6 x 10-3
So moles of Na2CO3 = 3.6 x 10 /2 = 1.8 x 10-3
Volume of Na2CO3 = 25 cm3
Concentration = n/V = 0.072 moldm-3
	1

1

1

	
	e)
	There would be no extra Na2CO3, so the first end-point would still be 15 cm3
For the second reaction there would be double the NaHCO3, so the end-point would be 15 + 30 = 45 cm3
	1

1

	
	
	
	Total

10


Total = 133 marks
