ANSWERS 

ON
5.1.1 HOW FAST?
TAKEN FROM
F325
MODULE EXAMS
1.
(i)
slow step (1)
1

(ii)
(CH3)2C=CH2 + H2O → (CH3)3COH (1)
1

(iii)
H+ is a catalyst (1)

H+ used in first step and formed in second step/
regenerated/ not used up (1)
2

(iv)
rate = k [(CH3)2C=CH2] [H+] (1)
common error will be use of H2O instead of H+
1

[5]

2.
(a)
(i)
constant half-life (1)
1

(ii)
rate = k[N2O5] (1)
1


Common error will be to use ‘2’ from equation.

(iii)
curve downwards getting less steep (1)
curve goes through 1200,0.30; 2400,0.15; 3600,0.075 (1)
2

(iv)
tangent shown on graph at t = 1200 s (1)
1

(v)
3.7(2) × 10–4 (1) mol dm–3 s–1 (1)
ecf possible from (ii) using [N2O5]x
(2nd order answer: 2.2(3) × 10–4)
2

[7]

3.
HCl and CH3COOH have same number of moles/
release same number of moles H+ /
1 mole of each acid produce ½ mol of H2 (1)

[H+] in CH3COOH < [H+] in HCl/
CH3COOH is a weaker acid than HCl (ora) (1)

Mg + 2HCl → MgCl2 + H2 (1)
Mg + 2CH3COOH → (CH3COO)2Mg + H2 (1)

or
Mg + 2H+ → Mg2+ + H2 (1)(1)
4

[4]

4.
(i)
The slowest step (1)
1

(ii)
2NO2 → NO + NO3 (1)
NO3 + CO → NO2 + CO2 (1)
2
(or similar stage involving intermediates)

[3]

5.
From graph, constant half-life (1)
Therefore 1st order w.r.t. [CH3COCH3] (1)
2


From table, rate doubles when [H+] doubles (1)
Therefore 1st order w.r.t. [H+] (1)
2


From table, rate stays same when [I2] doubles (1)
Therefore zero order w.r.t. [I2] (1)
Order with no justification does not score.
2


rate = k[H+][CH3COCH3] (1)
(from all three pieces of evidence)
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 (1)
= 7.0 × 10–5 (1) dm3 mol–1 s–1 (1)
4

accept 7 × 10–5


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:
CH3COCH3 + H+ → [CH3COHCH3]+
[CH3COHCH3+] + I2 → CH3COCH2I + 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)
1

[14]

6. (a)
(change in) concentration/mass/volume with time
1

(b)
(i)
O2:
Exp 2 has 4 × [O2] as Exp. 1: rate increases by 4 (1),
so order = 1 with respect to O2 (1)

NO:
Exp 3 has 3 × [NO] as Exp. 3: rate has increases by 9 (1),
so order = 2 with respect to NO (1)
4

(ii)
rate = k[O2] [NO]2 (1)
1

(iii)
k = [image: image2.wmf]2
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units: dm6 mol–2 s–1 (1)
2

[8]

7.
(a)
(i)
O3: 1
and C2H4 (1)
1

(ii)
2 (1)
1

(iii)
rate = k[O3] [C2H4] (1)
1

(b)
(i)
measure gradient/tangent (1)
at t = 0/start of reaction (1)
2

(ii)
k = [image: image3.wmf]]
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3

(iii)
2 mol CH2O forms for every 0.5 mol O2 /
stoichiometry of CH2O : O2 is not 1:1 (1)
1

(iv)
rate increases (1)
k increases (1)
2

[11]

8.
[image: image5.png](a) @

What is meant by the half-life of a reaction, £,,?

Time for half a reactant to react ¥

(i) te=460=10s V'

constant half life ¥~

evidence on graph to support constant half ife (at least two halflifes shown) v~

) no change v

(b) Kk=0693/t.=0693460=151x10°V &' v

for consequential marking: answer should be: 0.693/ans to (a)(ii)

(¢) Rate = KCeHN:Cl(aq)] ¥~

(@ @

After 800s, [CeHeN:Cl(aq)] = 1.8 x 107 mol dm® V'

(allow any value from 1.7 x 10~ to 1.8 x 10~%)




[image: image6.png](ii) Rate = K[C-H:N,Cl(aq)] = (1.51x 107) x (1.8 x 107)

=27x107 V moldm* s V'

[21
(ifi) measure gradient at t=800s ¥

[

[Total: 12]




9.
[image: image7.png]Fae—
@ k= TRgINGET

k=83x10'V dm?mol* s

v calculator value: 8.33333 . x 10°

If [NOJ s not squared: W‘ﬁo(g)]x, ans =250 ¥ units: dm® ol s v/

Ha(@)INO(@)
rate

[H(@IINO(L s = 0,004 mol s dm v/

rate

If the expression is upside down: s, ans = 1.2x 10 v units: moF s dm™ v

upside down and not squared

(b) () effectonrate x2 V'

reason st order wrt Hy(g) ¥

(i) effect on rate x 114 V'

reason 2nd order wrt NO(g) ¥

effect on rate x27 V'




[image: image8.png](c) (i) sloweststepV
[1
(ii) step 1(RDS) Hy(g) + 2NO(g) ¥ — N,O(g) + H,O(l)
step 2 Ha(g) + N20O(g) — Na(g) + H0(I) rest ofequat\ons‘/
[2
(d) () NHy,-3Y
NO, +2 v/
HNO, +5 v/
31
(ii) 4NHy(g) + 50,(g) —> 4NO(g) + 6H,O(l)

products + reactants — 1 mark;  balancing— 1 mark ¥ v’
2]
(iii) molar masses NH; = 17; HNO, =63 v
mass = 700 000 x 17/63 = 1.89 x 10° tonnes v calc value 1.888888.... x 10°
ans: mark could be consequential on incorrect molar masses.
2]
[Total: 18]




10.[image: image9.png](@) (i) mNH.NO;)=80 v
moles N,O = moles NH,;NO; = 100/80 = 1.25 mol v*
mass N2O = 1.25 x (28 + 16)=55g v

B3]
(ii) nitrogen in NH": —=3— +1/ increases by 4 v/
nitrogen in NO;™: +5— +1/ decreases by 4 v/
2]
(b) (i) 1st order has a constant half life v*
Evidence from graph, either drawn or stated below with 2 half lives v*
half life approx 52 sv
B3]

(ii) rate = K{N-O(g)] v
[1]



[image: image10.png](i

evidence of tangent on graph v'
rate = 0.00524 v mol dm™ ™!

(allow £0.005 : i.e. values in range 0.00475 — 0.00575 mol dm™ s™")

(iv) 0.00524 (ans to (ii)) = k x 0.400
k=00131V sV

(v) rate determining step involves 1 molecule of N,O v

equation shows 2 mol N-O reacting v

() Increases the pressure/rate increases v’

Gives out heat v
Forms oxygen — more efficient combustion v’

moles of products > moles of reactants v*

2]

2]

2]

[2 max]

[Total: 17]




11.[image: image11.png](a) () Bri(aq) 1st order v/
[Br(aq)] triples rate triples v°

2]
H*(aq) 2nd order v/
[H*(aq)] doubles rate quadruples v/
2]
Bros7(aq) 1st order v/
[BrOs™(aq)] doubles rate doubles v*
2]

(ii) rate = K[Br (aq)] [H"(aq)J* [BrOs™(aq)] v/ (state symbols not needed)
[1
(iii)
rate ___12x10°
[Br(@q)] [H(@q)F [Broy (ag)] - 0.1 x 0.2 x 0.1

v

rate constant, k:= 12 v/ units: dm® mol® ™! v/
(0.0833 would score 1 mark)
3]



[image: image12.png](b) (i) slowest stepv’
[
(ii) rate equation shows reaction is 1st order wrt HBr and 1st order wrt O, v

which corresponds to molecules in step 1 v/
2]

i) 4HBr + O, —> 2Br, + 2H,0 v

Q|
[Total: 14]




12.
[image: image13.png](a)

H:0; + 2T" + 2H" — I, + 2H.0

equation includes H.O I", H" as reactants and I; as
product v

equation balanced v’

[2]

(b)

(ii)

(iii)

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

Exp 3 has twice [H] as 2 and rate is unchanged v/,
so order = O with respect to H' v/ AW

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

k= rate/[H:0; ][I ¥/ (ecf From (ii)
From one of expts,

eg.Expl: k = 115 x 10°/(0.01)(0.01)
15 v dm® mol 57 v/

(ecf from (i)

[4]

[2]

[3]



[image: image14.png](c)

rate of
reaction

straight line increasing v/
through 0,0 v/

H202(2q))]
/mol dm

>

[2]




13.[image: image15.png](a)

rate at start (of reaction)/ t=0 v

0.048 (mol dm™ s™) v

[l

(b)

(ii)

(iii)

Ci2Hz201(aq):

Exp 2 has twice [C2Hz20y: (aq)] as Exp 1 and rate x2 v/,
so order = 1 with respect to CizHz201Y’

HCl(aq):
Exp 3 has 1.5 x [HCI] as Exp 1 and rate increases by 15 v/,
s0 order = 1 with respect to HCl(ag) v

ORDER HAS TO BE CORRECT TO GET REASON MARK

2/second order v’
This will be dependent on answer o (i)

rate = KCiHz20u] [HCI] V'V
Or
rate = 2.4 [CioHx:0n] [HCI] V' v/

rate = k[CizHz20u] [H:0]  scores 1 mark)
rate = [CHz0u] [HCI]  scores 1 mark)
k[CisHz204] [HCI] scores 1 mark)

k= [CiaHz2011] [HCI] scores zero

Check for ecf from (i)

[4]

1

[2]

(c)

increases

[}



[image: image16.png](d) (i) |time for concentration (of a reactant) to fall to half the
original value v’ 11

(ii) | Ci2H220;;: 0.05 mol dm™ v
In one half life, [C;;H,0y], concentration halves 0.1/2 v*

HCI: 0.1 mol dm™ v/
Assume mol dm unless told otherwise
Assume 'mol dm? means mol dm but 131
Penalise wrong unit once only

‘ Total: 14




14.
[image: image17.png]CHyCOCH: =1 (1) ;
HCON=1(1);




15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.


