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conventions

Scheme

Abbraviations,
annotations and

used in the Mark

/
saeparates marking points

answere which are not worthy of credit
words which are not essential to gain credit

NOT
()
error carnied forward

alternative wording
or reverse argument

ecf
AW
ora

LI L S O 1O I T |

(underlining) key words which mugt be used to gain credit

alternalive and acceptable answers for the same marking point

Question

Expected Answers

Marks

1 (a)

(hi)

(i)

(iv)
(v)

constant half-life v’

rate = k [N,Os] v

Common error will be to use '2' from equation.

curve downwards getting less steep v

curve goes through 1200,0.30; 2400,0.15; 3600,0.075 v/
tangent shown on graph at + = 1200 s v/

3.7(2) x 10 * v mol dm? s v/

ecf possible from (ii) using [N2Os]*
(2nd order answer: 2.2(3)x 10 %)

it
(t

121

it
121

(b)

®
(i)
(i)

(iv)

slow step v/

(CH3)2L=CH, + HO -—-» (CH3);COH v/

H" i3 a catalyst v

H’ used in first step and formed in second step/

regenerated/ not used up v’

rate = k [(CH3):C=CH,] [H*] ¥
common error will be use of H,O instead of H*

121

i

Total: 12

76
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Unifying concepts

et
2 @ k=T g)NOEIR
k=83x10*Y dm® mol2s ' V' calculator value: 8.33333.... x 10*

If [INO} is not squared: ‘[‘gz(g%:*——-m x, ans=250 v units: dm’ mol's™' v’

2
If the expression is upside down: M)}%Q(m x, ans = 1.2 x 10°° v units: mol? s dm™ v’

NO

rate xx ans = 0.004 mols dm™ v’ [3]

upside down and not squared: H

(b) () effectonrate x2 v

reason 1st order wrt Hy(g) v
2]

(i) effect on rate x 1/4 v

reason 2nd order wrt NO(g) v

[2]
(ill) effecton rate x27 ¥

1]
(c) () sloweststep
(11
(i) step 1 (RDS) Hy(g) + 2NO(@) ¥ —» N,O(g) + H,0()

step 2 Hog) + NO(@) —> Ni(g) + HO()  rest of equations¥”
2]
(d) () NH; -3V
NO, +2 v/
HNO; +5 v/
3]
(i) 4NHy(g) + 50,(g) — 4NO(g) + BH,O(l)
products + reactants —» 1 mark; balancing — 1 mark Vv
(2]
(iii) molar masses NH; = 17: HNO, =63 v
mass = 700 000 x 17/63 = 1.89 x 10° tonnes ¥ calc value 1.888888.... x 10°
ans: mark could be consequential on incormect molar masses.
(2]
[Total: 18]
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Unit Code Session Year

2816 1 2004

January

Version

FINAL

Abbreviations,
annotations and
conventions
used in the Mark
Scheme

/
; separates marking points

answers which are not worthy of credit
words which are not essential to gain credit

NOT
()
ect
AW
ora

error carried forward
altemative wording
or reverse argument

Hn W unnnu

(underiining) key words which must be used to gain credit

alternative and acceptable answers for the same marking point

Question

Expected Answers

Marks

3 @

HzOz + 2" + 2H' — Iz + ?.Hzo

equation includes H.0,I", H' as reactants and I as
product v’

equation balanced v’

2]

(b) (i)

(i)

(iit)

Exp 2 has twice [I"] as Exp 1 and rate has quadrupled v,
so order = 2 with respect to I- v/

Exp 3 has twice [H'] as 2 and mfe is
so order = O with respect to H* v/

unchanged v,

--------------

rate = A[H:0,] [['F V'V 1 mark for: rate = k x concs
(ecf from (i))

k= rate/[H:0:[TF v (ecf from (ii))

From one of expts,

eg.Expl: & -115x10“/(0 (0.0
=115 v dm® mol4) "\)

(ecf from (ii))

(4]

(2]

[31

(c)

,T

rate of
reaction

straight line increasing v/

through 0,0 v/

“)
0 [H:0x(aq)]

/mol dm™

[2]

d o

(i)

2H:0; — 2H.0 + 0,V

1 dm3 HzOz —3 20 dm3 Oz v
amount of O; = 20/24 mol v’
concentration of H,0; = 2 x 20/24 = 1.67 mol dm= v’

1]

[3]

Total: 17

Mark Scheme

28/02/2004




OCR Advanced GCE in Chemistry 2816 1 January 2002
Unifying concepts

4' (a) (i) Whatis meant by the half-life of a reaction, 4?

Time for half a reactant to react v
(1]

(i) t,=480+10s vV
constant haif life v

evidence on graph to support constant half life (at least two half-iifes shown) v

(3]
(Iif) no change v
1]
(b) k=0693/t,=0693/460=151x10°V 5' v
for consequential marking: answer should be: 0. 693/ans to (a)(ii)
[2]
(c) Rate= KCgHsN:Cl(aq)] V'
(1]
(d) (i) After 800s, [CeHsN.Cl(aq)] = 1.8 x 10~ mol dm™ v
(allow any value from 1.7 x 10 o 1.8 x 10
(11
(i) Rate = KCeHsN:Claq)] = (1.51 x 10) x (1.8 x 107
=27x107 ¥ moldms' v’
v [2]
(ill) measure gradient at =800 s
Q)
[Total: 12]
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Unit Code Session Year

2816/01 2005

January

Version

Final

Abbreviations,
annotations and
conventions
used in the Mark
Scheme

/
separates marking points

answers which are not worthy of credit

words which are not essential to gain credit

(underiining) key words which must be used to gain credit
error carried forward

alternative wording

or reverse argument

'NOT
()

r——

ecf
AW
ora

Hnnu wnun

altemative and acceptable answers for the same marking point

Questlon

Expected Answers

Marks

5 (@ @

(i)
(iif)

033 1
and C2H4 v

2v

rate = A[O3] [ C:Hq] v

4}
]
11

(b) )

(ii)

(i)

(iv)

measure gradient/tangent v
at t = O/start of reaction v/

rate
- —Toe__
K = 101 L CaHa

1.0 x 1072
05x107 x1.0 x 10°® 22x10° v dm® molt s v

k =

2 mol CH.0 forms for every 0.5 mol O, /
stoichiometry of CH;0: O, is not 1:1 v’

rate increases v’
k increases v

(2]

3]

Ml

[2]

(c)
(i)

(iif)

[UB

each atom has two unpaired electrons v

2 oxygen atoms bonded by double bond v’

third oxy;en bonded by a covalent bond and outer shells
correct

For 2nd mark, ali O atoms must have an octet.

A triangular molecule would have 3 single covalent bonds
for 1st mark but the origin of each electron must be clear
for 2nd mark

amount of Qs in 150 kg = 150 x 10°/48 = 3.13 x 10° mol v’
amount of Cl radicalsin1g=1/355= 2.82 x 102 mol v’

1 mol Cl destroys 3.13 x 10%/2.82 x 10 = 1.11 x 10° mol O;
1 €l radical destroys 1.1 x 10° O; molecules v°

(calculator: 110937)

]

[2]

[3]

Totai: 17

Mark Scheme

24/02/2005




2816/01

Mark Scheme

January 2008

G @0

H*(aq):
Exp 3 has 2 x [H*(aq)] as Exp 1 and rate has increased by
4v

so order = 2 with respect to H'(aq) v

BrO;(aq):
Exp 2 has 2 x [BrO;7] as Exp 1 and rate increases by 2 v/
so order = 1 with respect to BrO;™(aq) v

Bri(aq):

Exp 4 has 3 x [BrOs™(aq)] as Exp 1 which increases rate by 3
and Exp 4 has 2 x [Br (aq)] as Exp 1

rate has increased by 6 so doubling [Br (aq)] doubles rate v/
so order = 1 with respect to Br(aq) v

rate = k [H')? [BrOy7] [Br] v

= rate / 1.68 x 10~°
= HTBOs B | 030°x0.05x0.25

v

=0.0149/0.015 v units: dm® mol2s™' v

answer to 2 or 3 sig figs v/
(caiculator: 0.0149333333)

mark consequentially from (a)(ii)

common ecfs:
From expt 1: rate = k [H'T? [BrO3]—> 0.00373 dm® moi™ s~

(2]

(2]

(2]

[1]

[4]

gradient at t=0/start v/

(1]

Overall equation has different stoichiometry/number of moles
to rate equation v/

[1]

13

45



T From graph, constant half-iife (1)

Therefore 1™ order w.r.L. [CH3COCH;] (1) 2
From table, rate doubles when [H*] doubles (N
Therefore 1% order w.r.t. [H*] (1) 2

From table, rate stays same when [I,] doubles 1)
Therefore zero order w.r.t. [I5] (1)
Order with no justification does not score. 2

rate = k[H"][CH3COCHj;] (1)
(from all three pieces of evidence)

= rate ; 2.1x107° )
[H"][CH;COCH,] 0.02x1.5x10°°
=7.0x107 (1) dm* mol™* s (1) 4

accept 7 x 1077

rate determining step involves species in rate equation (1)
two steps that add up to give the overall equation (1)

The left hand side of a step that contains the species in rate-determining step (1)
i.e., for marking points 2 and 3:

CH;COCH;3 + H* — [CH3COHCH,]*
[CH3COHCH;'] + 1; — CH3COCH,1 + HI + H* 3

organises relevant information clearly and coherently,
using specialist vocabulary where appropriate
Use of the following four words/phrases:
constant, half-life, order, doubles/x2 (1) ]
[4]

Greenhead College 1



Equilibria Examination Questions Answers

M6 EQ30E

Question Expected Answers Marks
T () _ [CHiCOOCHs] [H,0]
* [CH;COOH] [C2HsOH]
award 1 mark if upside down [2]
(b) (i)
CHCOOH CoHsOH CHLyCOOC,Hy H,0
6.0 12.5 0 0
1 75 5 5
\_W—"'J ;—"V‘"—J
v v [2]
(i) 5x5
K=1x75 =33Y nounits v [2]
(or ecf based on answers to (i) and/or (a))
(c) leave experiment longer v’
monitor compositions and repeat until constant value v’
[2]
(d) (i) | more CH;COOC;Hs & H,0 / less CH;COOH & C;HsOH v
(2]
equilibrium — right v/ AW
(i) | K. stays same v’ [1]
(e) stays the same/
catalyst does not shift equilibrium position v’
forward & reverse reactions altered by same amount/
equilibrium achieved in less time v’ [2]1
(H () | equilibrium —s left v
more reactants / less products v’ [2]
(if) | forward reaction is exothermic v’ [1]

Total: 16
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Final Mark Scheme

2816/01

June 2004

Question

Expected Answers

Marks

2 (a)

(i)

(i)

(iii)

K= ff‘le]_[JOZ]' V' award 1 mark if upside down
Ko expression worth 1 mark

Equil — left because K. is very smal|

=-INOF ox 107"9)2
OOl =*Ryx i = 11x4.8x107

= 0.30 mol dm3v (calculator: 0.303030303)

answer given to 2 sig figsv

3.3 v (upside down) calc: 3.3

76x 10" vv (missing out ?) caje: 7.5757.....

0.37vv (1.1 0n top) calc: 0.366666..

5.2x10% vv (‘4' values Swapped) calc: 5.236363, x 104

[2]

1

[3]

(b)

(i)
(i)

(iii)

AHis +ve v
equillbrium moves to the right to compensate for increase in
temperature/to lower the temperature / to minimise the

increase in Proportion of NO v

because K, increases
Can be linked to either increased proportion of NO or
enthalpy change v

2NO + 0, —, 2NO, vv
Species cormect for 1st mark
simplest’ balanced equation for 2nd mark
NO +',0, —; NO, also gets both marks
N204 is fine
NO; for 1st mark

4]

(2]




Final Mark Scheme

2816/01

June 2004

(c)

Optimum Pressure
low pressure v
fewer gaseous moles on left v
Optimum Temperature
optimum: low temperature v
forward reaction is exothermic v

Reason mark can only be awarded if the condition mark is
correct.

Condition mark is independent

1000°C used to increase rate with more energetic coliisions
OR so that a greater proportion of molecules exceed
activation energy v’

10 atm used to increase rate by increasing concentration OR
increasing collisons v’

Catalyst used to increase rate by lowering the activation
energy/providing a lower energy route v/
NOT increase equilibrium yield

Quality of written communication:
Recognition of a Compromise between rate and equilibrium
amount v’

(1

Total: 20




”57 (a) Forward and reverse reactions at same rate v’

Achievable from either direction v* » requires closed system v’

concentrations of reactants and products are constant v’
max: [2]

(b) M

[ CH,OH(g) |
= / J .
K [CO(g) 1T Ha(g) ] 1 mark for top; 1 mark for bottom

(2]
(ii)

2.6 10° ]
" BT 204;‘(2,4,210?2? Y =146 ¥ (dm® mor)

(2]
(c) () Whydid the equilibrium move to the right

fewer molecules on right v/

reaction relieves increase in pressure v’

[2]
(it) Whmatis the effect, if any, on K,
K. stays same v’

1]
(iii) Rate changes

Rate increases v’

Increased collisions/more concentrated v’
Rates initially forward faster than reverse v/
At equil, rates same v’

[4]

(d) (i) K.decreases so products decreasefreactants increase v’

Therefore equilibrium moves to the left/to endothermic side v’

2nd mark dependent on first.

(2]
(li) AH is negative because of equilibrium change in v

Mark consequential on ()

1]
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Unifying concepts
/ = altemative and acceptable answers for the same marking point
; = separates marking points
Abbreviations, NOT = answers which are not worthy of credit
annotations and () = words which are not essential to gain credit

conventions used in

the Mark Scheme = (underlining) key words which must be used to gain credit

ecf = efror carried forward
AW = alternative wording
ora = Oor reverse argument
= INOAQ) |
4 @ o k= [EL [1]

2
i K = (%'_%},%%) =5.77x10 ¥ mol dm ¥ accept 5.76923 0 5.8 x 10

If (i) is upside down: i :,ch (@) FF + thenans = 173 v/ dm® mol' v accept 173.33333. . to 170

if no square in (j): [JST%%]]- + then ans = 0.384615..v" no units v (must be stated)

if no square in (i) and inverse: %28':((8]1 , 2.6 ¥ no units v' (must be stated)

2]
(b) AH = (2x33)~9) V' = (+)57 ki mol' V'
common errors: -57 v'x +24 V'x +75 v'x -24 x x

2]

(c) change more NO,/ less N,O, v
explanation equilibrium position —— right or forwards / K increases v

reaction is endothermic v

THIS ANSWER IS CONSEQUENTIAL ON SIGN OF THE ANSWER TO (i)

BUT, a candidate interpreting a ‘+ enthalpy change as ‘exothermic’ (or vice versa) will lose
the 3rd mark but the 2 logic marks’ before are still consequentially available.

[3]
(d) 1 mol N;O, reacts with 2 mol NaOH v

amount of NaOH required = 0.00930 mo| ¥~

volume NaOH = 1000 x 0.0093/0.300 = 31.0 em® / 0.0310 dm* v’
Common errors

3.1 x 10" (where x is incorrect) v' v x

15.5¢cm’/0.0155 dmP v' v x 1.55 x 10* (where x is incorrect) v xx
62 cm®/0.062 dm® v v x 6.2 x 10" (where x is incorrect) v xx [3]
[Total: 11]
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