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4.      (a)     Heat (energy) change at constant pressure
Ignore references to standard conditions, but credit specified pressure.
1
(b)     The enthalpy change/heat (energy) change (at constant pressure) in a
reaction is independent of the route/path taken (and depends only
on the initial and final states)
1
(c)     ΔH + 963 = –75 – 432 OR ΔH + 963 = – 507 (M1)
ΔH = –75 – 432 – 963 (M1 and M2)
ΔH = –1470 (kJ mol–1)
Award 1 mark for + 1470
Award full marks for correct answer
Ignore units.
Ignore numbers on the cycle
M1 and M2 can score for an arithmetic error
3
[5]
 
5.	(a)    Cl(g) + e- → Cl-(g)
State symbols essential
Allow e with no charge
This and all subsequent equations must be balanced
1
(b)    There is an attraction between the nucleus / protons and (the added) electron(s)
1
Energy is released (when the electron is gained)
Allow product more stable / product has lower energy
Allow reaction exothermic / heat released
Allow reference to chlorine rather than fluorine
Wrong process eg ionisation, boiling CE = 0
1


(c)    (i)      Top line: + e– + F(g)
Penalise missing / wrong state symbols one mark only
Penalise Fl or Cl one mark only
1
Second line from top : + e– +  [image: ]F2(g)
Mark independently
Allow e with no charge
1
Bottom two lines: +[image: ]F2(g)
Penalise each lack of an electron in M1 and M2 each time
1
(ii)      [image: ]E(F–F) + 732 + 289 + +203 = 348 + 955
 [image: ]E(F–F) = 79
1
E(F–F) = 158 (kJ mol–1)
Award one mark (M2) if M1 wrong but answer = M1 × 2
Ignore no units, penalise wrong units but allow kJ mol–
Any negative answer, CE = 0
1
(d)     (i)      Experimental lattice enthalpy value allows for / includes covalent interaction / non–spherical ions / distorted ions / polarisation
OR AgF has covalent character
Allow discussion of AgCl instead of AgF
CE = 0 for mention of molecules, atoms, macromolecular, mean bond enthalpy, intermolecular forces (imf), electronegativity
1
Theoretical lattice enthalpy value assumes only ionic interaction / point charges / no covalent / perfect spheres / perfectly ionic
OR AgF is not perfectly ionic
1
(ii)     Chloride ion larger (than fluoride ion) / fluoride ion smaller (than chloride ion)
Penalise chlorine ion once only
Allow Cl– and F– instead of names of ions
Allow chloride ion has smaller charge density / smaller charge to size ratio but penalise mass to charge ratio
1
Attraction between Ag+ and Cl– weaker / attraction between Ag+ and F– stronger
For M2 Cl- and F- can be implied from an answer to M1
Mark M1 and M2 independently provided no contradiction
CE = 0 for mention of chlorine not chloride ion, molecules, atoms, macromolecular, mean bond enthalpy, intermolecular forces (imf), electronegativity
1
[12]



6.       (a)     (i)      [H+][OH–]
1
– log [H+]
1
(ii)     [H+] = [OH–]
1
(iii)     (2.0 × 10–3) × 0.5 = 1.0 × 10–3
1
(iv)    [H+] = [image: ]                    (= 4.02 × 10–11)
1
pH = 10.40
1
(b)     (i)      Ka  =  [H+][CH3CH2COO-]
          [CH3CH2COOH]
1
         =            [H+]
          [CH3CH2COOH]
1
[H+] = √(1.35 × 10–5) × 0.125      (= 1.30 × 10–3)
1
pH = 2.89
1
(c)     (i)      (50.0 × 10–3) × 0.125 = 6.25 × 10–3
1
(ii)     (6.25 × 10–3) – (1.0 × 10–3) = 5.25 × 10–3
1
(iii)     mol salt formed = 1.0 × 10–3
1
[H+] = Ka ×   [CH3CH2COOH]
                      [CH3CH2COO–)
1
= (1.35 × 10–5) × [image: ](= 7.088 × 10–5)
1
pH = 4.15
1
[16]

7.      (a)     To remove the oxide layer on the aluminium
Do not allow ‘cleaning’ or ‘removal of grease’.
Do not allow ‘removal of impurities’ without qualification.
1
(b)     An appropriate method for delivering H2 gas over a Pt electrode
Need H2 gas and Pt electrode labelled (allow gas delivered directly below the electrode).
1
The Pt electrode must clearly be in contact with a solution of a named acid.
Ignore any concentration or pressure values.
Ignore absence of bubbles.
Allow if electrode is below outer acid level.
1


(c)     The carbonate ion reacts with the acid (in the SHE) / reaction between carbonate and Al3+
Lose this mark if aluminium carbonate formed but mark on.
1
Reaction given (either equation or products specified)
OR H+ / Al3+ concentrations change / cell e.m.f. altered
1
[5]

8.	(a)     To prevent it coming into contact/reacting with oxygen/air
Allow because it reacts with air/oxygen
And because with air/oxygen it forms an oxide. (Oxide, if identified, must be correct :- P4O10, P2O5, P4O6, P2O6)
1
(b)     One molecule contains 4P and 10O/the molecular formula is P4O10
Allow exists as P4O10
Do not allow reference to combination of two P2O5 molecules
Ignore any reference to stability
1
(c)     P4O10 is a bigger molecule (than SO3)/greater Mr/more electrons/ greater surface
area
Penalise SO2 for one mark (max 1)
CE = 0 if mention of hydrogen bonding/ionic/ giant molecule/breaking of covalent bonds
1
Van der Waals / vdW forces between molecules are stronger/require more energy
to break
Do not allow just more vdW forces
Ignore any reference to dipole-dipole forces
1
(d)     P4O10 + 6H2O ࢐ 4H3PO4
Allow correct ionic equations
Ignore state symbols
1
pH must be in the range –1 to +2
Allow –1 to +2
Mark independently
1
(e)     (i)      3MgO + 2H3PO4 → Mg3(PO4)2 + 3H2O
OR MgO + 2H3PO4 → Mg(H2PO4)2 + H2O
OR MgO + H3PO4 → MgHPO4 + H2O
Allow MgO + 2H+ → Mg2+ + H2O
Allow magnesium phosphates shown as ions and ionic equations
Ignore state symbols
1
(ii)     MgO is sparingly soluble/insoluble/weakly alkaline
Excess/unreacted MgO can be filtered off/separated
1
(iii)    An excess of NaOH would make the lake alkaline/toxic/kill wildlife
Allow pH increases
1
[9]
 


9.      (a)     Brown ppt/solid
1
Gas evolved/effervescence
1
2[Fe(H2O)6]3+ + 3CO32– → 2Fe(H2O)3(OH)3 + 3CO2 + 3H2O
Must be stated, Allow CO2 evolved. Do not allow CO2 alone
Correct iron product (1) allow Fe(OH)3 and in equation
Balanced equation (1)
2
(b)     White ppt/solid
1
Colourless Solution
Only award M2 if M1 given or initial ppt mentioned
1
[Al(H2O)6]3+ + 3OH– → Al(H2O)3(OH)3 + 3H2O
Allow [Al(H2O)6]3+ + 3OH– → Al(OH)3 + 6H2O
1
Al(H2O)3(OH)3 + 3OH– → [Al(OH)6]3– + 3H2O
Allow formation of [Al(H2O)6–x(OH)x](x–3)– where x = 4,5,6
Allow product without water ligands
Allow formation of correct product from [Al(H2O)6]3+
1
(c)     Blue ppt/solid
1
(Dissolves to give a) deep blue solution
Only award M2 if M1 given or initial ppt mentioned
1
[Cu(H2O)6]2+ + 2NH3 → Cu(H2O)4(OH)2 + 2NH4+
Allow [Cu(H2O)6]2+ + 2NH3 → Cu(OH)2 + 2NH4+ + 4H2O
Allow two equations: NH3 + H2O → NH4+ + OH–
then [Cu(H2O)6]2+ + 2OH– → Cu(OH)2 + 4H2O etc
1
Cu(H2O)4(OH)2 + 4NH3 → [Cu(H2O)2(NH3)4]2+ + 2OH– + 2H2O
Allow [Cu(H2O)6]2+ + 4NH3 → [Cu(H2O)2(NH3)4]2+ + 4H2O
1
(d)     Green/yellow solution
1
[Cu(H2O)6]2+ + 4Cl– → [CuCl4]2– + 6H2O
1
[14]
 
10.     (a)     Manganate would oxidise / react with Cl−
1
Because Eϴ for MnO4− is more positive than that for Cl2 / 1.51 – 1.36 = +0.15 (V)
Must refer to data from the table for M2.
1
(b)     Moles of H+ = 25 × 0.0200 × 8 / 1000 = 4.00 × 10−3
1
Moles of H2SO4 = 2.00 × 10−3 (4.00 × 10−3 / 2)
Allow consequential marking on incorrect moles of H+
1
Volume H2SO4 = 4.00 (cm3) (2.00 × 10−3 × 1000 / 0.500)
Allow consequential marking on incorrect moles of H2SO4
Accept 4 cm3.
8 cm3 scores 2 marks.
Do not penalise precision.
Correct answer without working scores M3 only.
1


(c)     (i)      MnO4−  +  4H+  +  3e−  →  MnO2  +  2H2O
Allow multiples, including fractions.
Ignore state symbols.
1
(ii)     Can’t see end point due to brown colour
1
Larger titre (than expected)
Allow the idea that with two reactions can’t make use of titre in calculations.
Do not allow ‘an inaccurate result’ without qualification.
1
(d)     Solution (very) dilute / lots of water
1
[9]

11.    (a)      3C2O42− + [Co(H2O)6]2+ → [Co(C2O4)3]4− + 6H2O
Accept multiples.
Equation must have cobalt(II) hexaaqua ion.
1
(b)     Ethanedioate ion reduces iron(III) ion or
iron(III) ion oxidises ethanedioate ion
Allow answer using equations.
1
[image: ](CO2 / C2O42−) more negative than [image: ] (Fe3+ / Fe2+) or
[image: ] (Fe3+ / Fe2+) > [image: ] (CO2 / C2O42−)
or e.m.f. positive or cell voltage = +1.26
1
[3]
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(a)  Least soluble hydroxide = Mg(OH),
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BaCl, / any soluble bariumcpd ~ Or  AgNO; / any soluble silver cpd 1
[If formula used, must be correct] [Not Ba** ions / Ba element]
[If impossible’ reagent, e.g. BaSO; or NaOH, = CE = 0]

Obs with NaCl = no change/pptireaction Or  white ppt etc*. 1
Obs with Na;SO; = white ppt* /solid Or nochange etc 1
Equation = Ba® + SOZ — BaSO, Or Ag +CF — AgCl 1
[If Ba/Ba%/wrong formula — i.e. M1 lost but not impossible’ reagent, allow
(%2

[Allow full crediit for a valid test for Crions — the points below apply]
[if no reagent given but Ba?* / BaCls in equation, allow credit for M2/3/4]
[ignore state symbols in the equation — even if wrong]

[ppt or solid or powder or suspension]

[Not cloudy, milky, emuision, residue, opaque]

[Not nothing / no observations / none]
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image13.png
pH on the y axis, volume of alkali on the x axis 7 scoring points
uses sensible scale for y axis any 6= 2 marks
uses sensible scale for x axis any 4= 1 mark
Iabels the axes
plots the points correctly
line through the points s smooth
best fit - ignores pt at 20 cm® (ignore 0 - 5
cm?® section)
Notes * If graph does not cover half of the paper -
‘maximum score is 1 mark
write scale on the candidate’s graph
‘mark up to first 4 correct points only
do not penalise again under nomenclature
do not penalise again under nomenclature
* f the graph plot goes off the squared paper maximum score is 1 mark;
do not penalise again under nomenclature
* If axes unlabelled use data to decide that pH is on y axis
* Allow mark for axes labelled ‘pH” and “volume”
* A kinked graph loses smooth and best fit points
=L oses nomenclature mark if graph drawn with dotted lines





image14.png
Graph ignores anomalous result at 20 cm® in plotting graph 1 mark
Notes * Allow first point in written answer to Q1 or clearly from the graph;
any contradiction on graph loses this mark





image15.png
() identifies endpoint  22.2.em®+ 0.2 3 scoring points
(i) identiies half-equivalence point  half of the above all 3=1 mark
(ii)  pH at half-equivalence point 3.9+ 0.2
Notes * Do not allow other answers
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correctly calculates value for Kz~ 3.9 gives 1.26 x10™ 1 mark
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Notes * Consequential marking from candidate’s endpoint/oH
* Do not award this mark if candidate gets the correct answer by an
incorrect method; don't penalise again in awarding the nomenclature
mark
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methanoic acid 1 mark

Notes * Consequential marking from candidate’s K, value
* No lucky guesses - candidate must apply answer from Q3
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Notes

estimates error in using pipette  (0.2% ) 3 scoring points
estimates error in using buretie  (using 22.2, 0.68% ) all 3 =1 mark
total ermor  (0.9%)

* Ignore precision of errors
* Lose burette error if not calculated on candidate’s end-point

* Lose mark if answers wrong because (x 100) missing from calculations or
errors doubled;

don't penalise again in awarding the nomenclature mark
*Which error being calculated is not stated; allow if the calculations are in the
same order as in the question. And do not penalise in nomenclature
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precision  quotes both volumes to 1 or 2 dp 3 scoring points
pH reading to 1 place of decimals any 2 =1 mark
K, value to 3 sig fig; accept integer if >100

Notes *If no answers to Q2 can't score this mark

nomenclature clear graph with sharp trace 3 scoring points
explains calculations clearly & logically, with sensible layout
all3 =1 mark

uses terminology accurately e.g. K, not confused with pKy

Notes * Graph with broad line or clearly doubled line means mark is lost
* Incorrect units mean the nomenclature mark is lost
* Don't penalise missing units
*Two blank sections mean the nomenclature mark is lost
* Answer given in Q5 without working means the nomenclature mark is lost
* Do not penalise for wrong calculation in Q 3 if explained clearfy
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Mean (average) mass of an atom / all the isotopes or
112" mass of atom of 2C

Mass of 1 mole of atoms of an element or
1/12® mass of 1 mole of C

average mass of 2n atom / all the isotopes
relative to the mass of a ’C atom taken as exactly 12 /12.000

(penalise ‘weight’ once only)
(ignore ‘average’ mass of "C)
(not ‘mass of average atom’)
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difference is 1.6-1.26 =0.34 x 10 1 mark
221.3% error 1 mark

Notes * Lose mark if no evidence of working in second part
* Ignore precision of answers
* Allow consequential answer from part 3 of Analysis
* Difference must be clearly stated
*Lose mark if the candidate answers a different question
*Using 19x 10 gives 0.3 x 10* and 18.8%
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discrepancy < apparatus error 2 scoring points
adequate technique/ within limits of the apparatus both =1 mark

Notes * Must make a clear written statement linking both points to score mark
* If candidate’s answers from Q5 of Analysis and Q1 of Evaluation mean
discrepancy > apparatus error award mark for

discrepancy > apparatus ermor

human/ procedural error
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2marks

pH meter reading to 2dp/ 3dp/ more than 1dp any
1 mark

thermostat the mixture or maintain constant temperature any
calibrate meter

Notes * Do not penalise additional answers unless they contradict
* Do not allow “repeat experiment'- answer has to improve accuracy
of pH measurements
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A =(64x0389) + (66X 0.278) + (67 X 0..147) + (68 X 0.186)
5.7

(mark M2 conseq on transcription error or incorrect ad_ition of %)
identity:  zinc / Zn

(Consegq on A, but only if their 4, is within range of Periodic Table)
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high voltage supply
removes electrons from Q
(may be earned from a real or generic equation)

Reasons: _ to allow ions to be:
accelerated (b an electric field)
detected / description of current formed at the detector/sensor

(accept in any order)
(allow clear descriptions of ‘accelerated”, ‘detected’)





