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1 (@) O, +4H" +4e —— > 2H,0O (or equation + 2) [1]
(b) ® [1]
(c) 1.23 (V) (ignore sign) [1]

(d) a better/larger salt bridge or a diaphragm or larger (area of) electrodes

or increase concentrations/pressure [11 1
(e) time =400 x 24 x 60 x 60 = 34 560 000 seconds [1]
charge = current x time = 0.01 x 34 560 000 = 345 600 C ecf [1]
moles of H = 345 600/96 500 = 3.6 mol ~.massofH=3.6 g ecf [11 3
(f) advantages: less pollution/CO./NO, etc. or cleaner by-products
less dependence on fossil fuels/finite resources any one [1]

disadvantages: = more expensive (to develop or to run)
takes up more space
poor power-to-volume ratio
hydrogen is difficult to store or to transport any one [1]
NOT hydrogen is explosive/flammable 2
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2 (a) The EMF of a cell made up of the test electrode and a
standard hydrogen electrode. [1]

EMF measured under standard conditions of T, P and concentration  [1]

2
(b) (i) Een=Enignt—Ecer = 0.34-0.76 = -0.42 (V) [1]
(i) ———p (arrow from left to right) [1]
(ii) |1 pink/red solid/ppt or copper will be formed or blue solution
fades or M dissolves/corrodes [1
Cu*+M — Cu+M* [1]
Il hydrogen/gas evolved or M dissolves
(do not allow "M dissolves" for [2] marks in both | and 1)  [1]
M+ 2H* > M* + H, [1]
6
(c) (i) polarity of d. c. source: © is on the left, @ is on the right [1]
electrolyte is Cu®*(aq)/CuS0Q,/CuCL/Cu(NOs), etc. or name [1]
(i) moles of Cu =0.5/63.5 =7.87x10° [1]
moles of & =2x7.87x10° =1.57x107?
no. of coulombs = 96500 x 1.57 x 102 = 1517 (C) [1]
ecfin n(e’)

time = 1520/0.5

[1]

ecf in coulombs
5
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Question

Scheme

Mark

Total

3

(@)

name of particle relative mass relative charge

proton +

electron 1/1836 -

neutron 0

[1]
[1]
[1]

[3]

(b) (i)

Mass of an atom(s)

relative to 1/12™ (the mass) of (an atom of) carbon-12
OR
relative to carbon-12 which is (exactly) 12

[1]

[1]

[2]

(ii)

% of third isotope = 10

(24x79)+(26x11.0)+10x
100

=243

10x = 248

x =24.8 (3s.f.)

[1]

[1]

[1]

[3]

(c) (i)

anode "> CL+2e
cathode "+ 2e"> Mg

[1]
[1]

[2]

(ii)

Mg o) H Cl
3165 2084 131 46.2

243 16 1 35.5

1.30 1.30

MgOHC!

[1]

[1]

[2]

(d) (i)

Na,O basic/alkaline; ALO; amphoteric/acidic and basic; SO; acidic
Na,O (giant) ionic AND SO; (simple/molecular) covalent

[1]
[1]

[2]

(ii)

Na,O + 2HCI - 2NaCl + H,0O
ALO; + 6HCI > 2AICE + 3H,0

ALO;
ALO;
ALO;
ALO;
ALO;
ALO;

2NaOH + 7H,0 = 2NaAl(OH)4(H,0), OR
2NaOH + 3H,0 > 2NaAl(OH), OR
2NaOH = 2NaAlO, + H,0 OR

20H + 7H,0 = 2[A(OH).(H,0),] OR
20H + 3H,0 > 2[A(OH), OR

20H" > 2AI0, + H,0

+ 4+ + + + +

SO; + NaOH = NaHSO, OR
SO3 + 2NaOH > Na2804 + Hzo

[1]
[1]
[1]

[1]

[4]
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4 (a (i) |Ke =[Ag'(aq)’[SO.*(aq)] and units: mol*dm™ 1
(i) | Ksp = (2 x 0.025)* x (0.025) = 6.25 x 10”° 1
(b)
2Ag*(g) + SO4%(g)
AI'IOIzltt
Ag2SOy(s) AHC, g
AHosol Y
Ag,S04(aq) 1
or 1
2Ag*(aq) + SO,*(aq) :
(¢) (i) | B’ (=0.80—0.77 =) (+)0.03V and Ag*/Ag or Ag/silver or right 1
(if) | Ecen would be less positive/more negative 1
because the [Ag*(aq)] (in the Ag electrode) is less than 1.0 mol dm™
(iii) e no change 1
e more negative/less positive 1
(iv) | the [Ag’(aq)] will decrease
Ecectrode bECOMES lESS pOSitive or due to the common ion effect 1
(d) [Fe*(aq)] = 0.2 mol dm™ 1
[H*]=V(c.Ks) = V(0.2 x 8.9 x 10*) or 1.33 x 107 (mol dm™) 1
pH = —log([H"]) = 1.9 (or 1.87-1.89)
[Total: 13]
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