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11 (a same proton number/atomic number (1) 
different mass number/nucleon number (1) [2]

(b) Ar = (32 × 95.00) + (33 × 0.77) + (34 × 4.23) (1)
100 

= 3040 + 25.41 + 143.82 = 3209.23 
100 100  

which gives Ar = 32.09 (1) [2]

(c)  

number of

sotopesisotopes neutrons electrons

213Po 844 14

232Th 0 1900

allow one mark for each correct column 
if there are no ‘column’ marks,  
allow maximum one mark for a correct row  (3 × 1) [3] 

(d)d) ( nucleon no. is 228 (1) 
proton no. is 88 (1) 

(ii) Ra not radium (1) [3]

[Total: 10] 
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2 (a (i)

nucleus 

correct 1s and 2s (1) 

correct 2px, 2py and 2pz (1) 

(ii)

spherical s orbital (1) 

double lobed p orbital along one axis (1) 

both orbitals correctly labelled (1) 

(iii)

nitrogen

both correct (1)  [6] 

(b) (i) N 1400 kJ mol–1   O 1310 kJ mol–1  both (1)

(ii) N is all singly filled 2p orbitals or O has one filled/paired 2p orbital (1)
these paired 2p electrons in the O atom repel one another (1) [3] 

[Total: 9] 

2px 2py 2pz 

2s 

1s 

oxygen
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3 (1) 
(1)

[2]

(3) 

(a) Cr3+:  1s22s22p6... 3s23p63d3

Mn2+:  1s22s22p6... 3s23p63d5

(allow (1) out of (2) for 3s23p64s23d1 and 3s23p64s23d3)

(b) (i) any three of the following points:

• initial (pale) green (solution)

• fades to (almost) colourless (allow yellow)

• then (permanent faint) pink

• finally (deep) purple

(ii) MnO4
– + 8H+ + 5Fe2+ (+ 5e–)  →  Mn2+ + 4H2O + 5Fe

3+ (+ 5e–) (1) [4]

O  2

(c) Eo values: O2 + 4H
+/2H2O = +1.23V

++ 2O/4OH
– = +0.40V

Fe3+/Fe2+ = +0.77 V 
Fe(OH)3/Fe(OH)2 = –0.56V (2) 

Eo = +0.46V (allow –0.37) in acid, but +0.96V in alkali or Eo (OH–) > Eo (H+)cell (1)

EIf cell is more positive it means a greater likelihood of reaction  (1) [4]

 (d) 
O

and CH3CO2H

HO2C 2HCO

CO2H

H3C

O

CHO

H3C

O

or

(or CO2H)

 [5] 

(1) 

(1) 

(e) (i) (CH3)2C(OH)–CH2OH

(ii) reaction I: (cold dilute) KMnO4 (“cold” not needed, but “hot” or “warm” negates)
reaction II: Cr2O7

2– + H+ + distil (1) [3]

[Total: 18 max 17] 

([11]) 

([11]) ([11]) 

([11])

([11]) 
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4 (a) atoms of the same element / with same proton (atomic) number / same number of protons (1)
different numbers of neutrons / nucleon number / mass number (1) [2] 

 (b) 

isotope no. of protons no. of neutrons no. of electrons 

24 gMg 12 12

26Mgg 14 12

each correct row (1) [2] 

(c) Ar  =
100

24 ×78.60  +  25 ×10.11 +  26× 11.29 
 (1) 

= 
100

+  293.54  +  252.75  1886.40  

gives 24.33 to 4 sig fig (same as data in question) 

do not credit wrong number of sig figs or incorrect rounding up/down (1) [2] 

(d) Mg + Cl2  →  MgCl2 (1) [1] 

(e) (i) n(Sb)  =
122

2.45
  =  0.020 (1) 

(ii) mass of Cl in A = 4.57 – 2.45  =  2.12 g (1)

n(Cl)  =  
35.5

2.45  4.57 −
  =  

35.5

2.12
=  0.06 

allow ecf as appropriate (1) 

(iii) Sb : Cl  =  0.02 : 0.06  =  1:3
empirical formula of A is SbCl3 (1)

(iv) 2Sb + 3Cl2  →  2SbCl3 (1) [5] 

(f) (i) ionic (1)

(ii) covalent (1)
not van der Waals’ forces [2] 

[Total: 14] 
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(1) 

(1) [2]

5 (a Al 1s2 2s22p6 3s23p1

Ti 1s2 2s22p6 3s2 3p6 3d2 4s2  or

1s2 2s22p6 3s2 3p6 4s23d2   penalise any error

(b) (i) pass chlorine gas (1) 
over heated aluminium (1) 

(ii) aluminium glows (1) 
(1) white/yellow solid formed

chlorine colour disappears/fades (1) (any 2)

(iii)  
x x 

x x 
x Cl x 

 x x  x •  x x 

x • x x

x Cl x Al x C
 

l x  

 x x  x  x• x •  x x  

 x x x 

x C
 

l x A
 

l
•
C

x
l x 

x x • xx  x x  

x x 
x Cl x  

x x 

(1) 

correct numbers of electrons, i.e. 

•3  per Al atom and 7x per Cl atom

i.e. •6  and 42 x in total

dative bond Cl to Al clearly shown by xx (1) [6]

(c) chlorine is a strong/powerful oxidising agent (1) [1]
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(d) (i) n(Ti) = 0.72 = 0.015 (1) 
47.9 

(ii) n(Cl) = (2.85 – 0.72) = 0.06 (1) 
35.5 

(1) 

(1)

(iii) 0.015 : 0.06  =  1:4
empirical formula of A is TiCl4
Allow ecf on answers to (i) and/or (ii).

(iv) Ti  +  2Cl2  →  TiCl4
Allow ecf on answers to (iii). [4]

(e) covalent/not ionic (1) 
simple molecular or
mention of weak intermolecular forces or
weak van der Waals’s forces between molecules (1) [2]

[Total: 14 max] 
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