ANSWERS TO ACIDS AND BASES QUESTIONS

1.
(a)
Weak acid 
An acid which only partially ionises (1)
Example 
Ethanoic, carbonic etc (1)
2

(b)
Expression 
Ka = [image: image1.wmf][

]
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 (1) 
Units 
mol dm–3 (or mol l–1) (1)
2

(c)
(i)
The dissociation of water is an endothermic process (1)
Less dissociation on cooling (or equilibrium moves to water or
Kw decreases) (1) less H+ (or[H+] lower) (1)
(ii)
Because [H+] = [OH-] (1)
4

 [8]

2.
(a)
Monoprotic acid 
An acid which gives only one proton (1)
Example 
HCl etc (1)
2

(b)
(i)
– log10[H+] or in words (1)
(ii)
1.58 M  (allow 1.6) (1)
2

 [4]

3.

(i)       Brønsted-Lowry base A proton acceptor (1)
(ii)
Equation 
PH3 + HCl  PH4Cl or PH3 + H+  PH4+   etc (1)
2
 [4]

4.
(a)
(i)
A proton donor  (1)
(ii)
Fully ionised or fully dissociated  (1)
(iii)
10 × 10–14  (1)
mol2 dm–6  (1)
4

(b)
(i)
03 mol dm–3 
 (1)
(ii)
[H+] at pH = 07 is 02 mol dm–3 
 (1)
m1 v1 = m2 v2  03 × 25 = 02 × v 
 (1)
Hence v = 375
 (1)
Water added = 375 – 25 = 125
 (1)
5

[9]

5.
(a)
Definition of a base 
Proton acceptor (1)
Essential feature 
Transfer of protons (1)

Equation 
H+ + OH– [image: image2.wmf] H2O

OR
H+ + B [image: image3.wmf] BH+ (1)
3

(b)
only partially dissociated in solution (1)
1

(c)
Ka = [image: image4.wmf]COOH(aq)]

CH
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COO

CH
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 (1)
mol dm–3 (1)
2

[6]

6.
(a)
A proton donor

1

(b)
Equation 
HCl(g) + H2O(l) [image: image5.wmf] H3O+(aq) + Cl–(aq)
(1)
Role of water 
base or proton acceptor
(1)
2

(c)
Equation 
NH3(g) + H2O(l) [image: image6.wmf] NH[image: image7.wmf]+

4

(aq) + OH–(aq)
(1)
Role of water 
acid or proton donor
(1)
2

(d)
Equation for formation 
H2SO4 + HNO3 [image: image8.wmf] HSO[image: image9.wmf]–

4

 + H2NO[image: image10.wmf]+

3


(1)
Role of nitric acid
base or proton acceptor
(1)
H2NO[image: image11.wmf]+

3

  NO[image: image12.wmf]+

2

 + H2O
(1)
3

(e)
(i)
only partially dissociated in aqueous solution
(1)
(ii)
Ka = [image: image13.wmf][HA]

]

][A

[H

–

+


(1)
(iii)
not very big
(1)
(iv)
strong
(1)

Although HX is not fully dissociated, the relative
concentration of undissociated HX is very small
(1)
5
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7.
(a)
(i)
pKa = –log10Ka
(1)
(ii)
6.31 × 10–5
(1)
mol dm–3
(1)
(iii)
[H+] = [A–] or Ka = [H+]2/[HA]
(1)
Hence 6.31 × 10–5 = [H+]2/0.830
[H+] = [image: image14.wmf](6.31 × 10–5 × 0.830) = 7.24 × 10–3
(1)
pH = –log10[H+]
(1)
pH = 2.14
(1)
Marked consequentially to a(ii)

7

 [7]

8.
(a)
(i)
proton donor  (1)
1

(ii)
partially dissociated (into ions) (not weakly dissociated)  (1)
1

(b)
(i)
Ka = [image: image15.wmf]COOH]

[CH

]

][H

COO

[CH
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–

3

+

  (1)
1


allow either [H3O+] or [H+] in expression
must include charges
if [H2O] included then no mark

(ii)
pKa = –log(l.7 × 10–5) = 4.77 / 4.8/4.80  (1)
1

9.
(a)
Equation for HCl(g) 
HCl(g)  H+(aq) + Cl–(aq) (1)
Equation for KOH(s) 
KOH(s)  K+(aq) +OH–(aq) (1)
2

(b)
Kw = [H+] [OH–]
1

(c)
strong base, fully dissociated (1) or [OH–] = 0.016 M
(1)

[H+] = [image: image16.wmf]]
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w

K

 (1) = [image: image17.wmf]016

.
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14
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 = 6.25 × 10–13 M (1)
(2)

pH = –log10[H+]
(1)

 pH = 12.2
(1)

neutral solution,  [H+] = [OH–]
(1)

 pH = 7
(1)
7
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10.
(a)
HA [image: image18.wmf] H+(aq) + A–(aq) or HA + H2O [image: image19.wmf] H3O+ + A– (1)
1

(b)
Ka = [H+][A–]/[HA] or Ka = [H3O+][A–]/[HA] (1)
1

(c)
(i)
Increases  (1)
(ii)
Decreases  (1)
(iii)
No change  (1)
3

 [5]

11.

(i)
Expression for Ka    Ka = [image: image20.wmf]COOH]

CH

[CH
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  (1)
(ii)
Expression for pKa    pKa = –log10Ka (1)
(iii)
Ka = [image: image21.wmf]COOH]

CH
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 (1)

[CH3CH2COOH] = 0.10 M (1)
[H+] = (1) (0.1 × 1.35 × 10–5)
= 1.16 × 10–3 (1)
pH = 2.93 (1)
6

 [6]

12.
(a)
proton or H+ donor  (1)
1

(b)
(i)
partially ionised or dissociated  (1)
not fully

(ii)
NH3  (1)
not NH4OH – but allow in equation

not H2O – but allow in equation if both weak acid and base stated

NH3 + H2O [image: image22.wmf] [image: image23.wmf]+

4

NH

 + OH–  (1)
3

(c)
(i)
HCOOH(aq) + H2O(l) [image: image24.wmf] HCOO–(aq) + H3O+(aq) (1)
allow H2O(aq)

(ii)
H2O or water  (1)
HCOO– or methanoate ion  (1)
(iii)
[image: image25.wmf][HCOOH]

]

[HCOO

]

[H

–

+

=

a

K

  (1)
allow [OH3+]
4

 [8]

13.
(a)
(i)
pH  = –log(10)  [H+]     Note; (aq) not required; Not –ln  [H+]  (1)
(ii)
Ka = [H+] [X–] / [HX]     Note; (aq) not required  (1)
Allow [A–]  and   [HA]

Do NOT allow [H+]2/[HX]

(iii)
Ka = 4.25 × 10–5 = [H+]2/[HX]  (1)
[H+] = [image: image26.wmf]5
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  (1)
= 4.37 × 10–3  (1)
not a conseq mark

pH = 2.36     Mark conseq to [H+] above  (1)
or pH = [image: image27.wmf]2

1

pKa –[image: image28.wmf]2

1

log10 [HX] = [image: image29.wmf]2

1

 × 4.37 + [image: image30.wmf]2

1

 × 0.346 = 2.36
                                  (1)                                  (2)           (1)
Note pH = 2.4 scores max 3
6

(b)
(i)
[H+] = 0.25 × 0.95 = 0.2375  (1)
Allow 0.237 – 0.238 and 0.24

pH = 0.62  (1)
Allow 0.62 – 0.63

Only allow pH mark if [H+] is correct

(ii)
[H+] = [Y–] = 0.2375 (or a value from b(i))  (1)
[HY] = 0.05 × 0.25 = 0.0125  (1)
Allow 0.012 – 0.013

Ka = [H+] [Y–] / [HY]

= (0.2375)2 / 0.0125  (1)
Ka = 4.51  (1)
Allow 4.3 – 4.8

Ignore units

CE if [HY] is incorrect
6
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14.
(a)
HCl(g)  +  H2O(l)    H3O+(aq)  + Cl–(aq)  (1)
allow H2O(aq)
1

(b)
pH  =  –log[H+]  (1)
= –0.10 ( 0.01)  (1)
2

(c)
pH = 7  (1)
neutral solution or [H+] = [OH–]  (1)
2

15.
(a)
(i)
Ka = [image: image31.wmf]COOH]

[CH

]

COO

][CH

[H
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3

+

 (1)

(ii)
(1)
Ka = [image: image32.wmf]COOH]

[CH

]
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+

 (1)
(2)
[H+] = [image: image33.wmf]220

.
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 = 1.96 × 10–3 (1)
(3)
pH = -log10[H+] (1)

can score independently


(4)
pH = 2.71 (1)

2 d.p. essential
If forget [image: image34.wmf] can score (1) and (3) for pH = 5.42



5
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16.
(a)
proton donor (1)
substance formed when acid has lost proton / substance that becomes an acid
by gaining a proton (not just proton acceptor)  (1)
2

(b)
(i)
acid: HBr
base: Br–
(ii)
acid: H2SO4
base: HSO4–
allow 1 in (b)  if both acids / bases are correct (ie give 1 for a correct vertical pair)
2

(c)
(i)
H2O [image: image35.wmf] H+ + OH– / 2H2O [image: image36.wmf] H3O+ + OH–  (1)
(accept other types of arrow)
1

(ii)
Kc = [image: image37.wmf]O]

[H

]

][OH

[H

2

–

+

 / expression based on H3O+ equation (1)
[H2O] is (effectively) constant /concentration of H2O is large /
equilibrium in (i) is to left (1)
(Kc × [H2O]) = Kw = [H+] [OH–]  (1)
3

(iii)
[H+] = [OH–] / [H+]2 = 2.92 × 10–14  (1)
[H+] = 2.92 × 10–14 = 1.71 × 10–7  (1)
pH = –log10(1.71 × 10–7)  (1)
= 6.77  (1)
4

(iv)
endothermic and attempt at reason  (1)
more dissociation / ionization / H+ ions at higher temperature  (1)

if (iii) not completed, allow endothermic with sensible reason for 1 mark
if answer to (iii) is pH>7, allow 1 mark for exothermic with attempt at reason
2
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17.
(a)
(i)
Ka = [image: image38.wmf][HA]

]

][A

[H

–

+

 (1)
Ka = [image: image39.wmf][HA]

]

[H

2

+

  (1)
[H+] = 10–2.82 = 1.514 × 10–3 mol dm–3  (1)
Ka = [image: image40.wmf](

)
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 = 1.53 × 10–5  (1)  mol  dm –3 (1) [2]

(ii)
Decreases  (1)
Equilibrium shifts to right (endothermic process )  (1)
 [H+] [image: image41.wmf]as T [image: image42.wmf](1)
pH gets smaller
8

(b)
(i)
[image: image43.wmf]3

2

n  (1)
(ii)
[image: image44.wmf]÷
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   (1) = 2  (1)
(iii)
Ka = [image: image45.wmf]2

]
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=

  (1)
= 2.1 × 10–4 mol dm –3  (1)
5

(c)
Weak acid/strong base pH  at equivalence  7  (1)
methyl orange has colour change at pH   7  (1)
2

(d)
Buffer can resist change in pH  (1)
on addition of small amounts of H+ (or OH–)  (1)
H+ (aq) + X– (aq) [image: image46.wmf] HX (aq)  (1) 
3
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18.
(a)
only partially ionized / partially dissociated / not fully ionised  (1)
not ‘not ionised at all’
1

(b)
(i)
Ka = [image: image47.wmf]OH]
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  (1)

accept [H+]
do not accept with [H2O] included
must include charges
1

(ii)
pKa = – log Ka  (1)
allow – log (Ka) do not allow – log [Ka]
1

(iii)
pKa = 10 (ignore units)  (1)
1

(iv)
lower / smaller number  (1)
1

(c)
(i)
at end point pH = pKa = 9.3  (1)
colour change detectable over range of 2 pH unitsrange = 8.3  10.3  (1)
(allow 8 – 10)
2

(ii)
(colourless to) pink / red  (1)

[In–] [HIn] / [In–] increases  (1)
not just equilibrium shifts to right
2

(iii)
equivalence point / end point of titration below pH 7 more acidic / lower
than phenolphthalein range / is about pH 4  (1)
not just the pH range is wrong
1

[10]

19.
(a)
NaOH + HA    NaA + H2O  (1)
or HA + OH–    A– + H2O
1

(b)
(i)
Moles A– = moles NaOH added  (1)
= 15 × 0.34 × 10–3 = 5.10 × 10–3  (1)
Initial moles HA = 25 × 0.45 × 10–3 = 0.01125  (1)
Allow 0.0110 – 0.0113

Moles NaOH added = 0.00510

Moles HA remaining = 6.15 × 10–3  (1)
Allow (5.90 – 6.20) ×10–3
Mark conseq

(ii)
5.10×10–3 moles A– in (15 + 25) cm3
Hence [A–] = 5.10 × 10–3 × 1000/40 = 0.1275  (1)
Allow0.127 –0.128 and 0.13

6.15 × 10–3 moles HA in 40 cm3
Hence [HA] = 6.15 × 10–3 × 1000/40 = 0.1538  (1)
Allow 0.147 – 0.155 and 0.15

Allow marks in (ii) conseq to answers in (i)

(iii)
Ka    = [H+] [A–] / [HA] = 2.00 × 10–4
[H+] = 2.00 × 10–4 × 0.1538 / 0.1275  (1)

 = 2.41 × 10–4  (1)
Allow (2.29 – 2.44) × 10–4

pH   = 3.62  (1)
Allow 3.61 – 3.64 and 3.6

Mark conseq to answers in (ii)
9
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20.
(a)
moles HA = [image: image48.wmf]3

10

25

 × 0.150 = 3.75 × 10–3 (1)
 vol NaOH = [image: image49.wmf]20
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 = 1.875 × 10–2 dm3 (1)

or 18.75 cm3



2

(b)
(i)
pH = –log10 [H+] (1)

(ii)
Value above 7 but below 11 (1)

(iii)
phenol red / thymol blue / phenolphthalein / thymolphthalein

i.e. indicator with  7 < pKin <11



3

(c)
(i)
Only slightly dissociated (1)

NOT “not fully dissociated / ionised”

(ii)
Ka = [image: image50.wmf]]
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NOT [image: image51.wmf]]
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(iii)
For weak acid alone:
Ka = [image: image52.wmf]]

[

]

[

2

HA

H

+

 (1)
 [H+] = [image: image53.wmf]15
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= 2.03 × 10–3 (1)
 pH = 2.69 (1)

pH should be given to 2 decimal places
penalise answer to 1 d.p. once in question



5

(d)
moles OH– added = 1.875 × 10–3 = moles A– = moles HA left (1)
or  [A–] = [HA]
 Ka = [H+] or pH = pKa (1)
 pH = 4.56 (1)
3

Mill Hill High School
8

