1.

Kinetics

The rate equation for a reaction is

rate = K[A]2[B]

Which of the following statements is correct for this reaction?

o 0O @™ >

The order of a reaction:

o 0O @ >

can only be obtained by experiment.

Doubling the concentration of A will double the reaction rate.

Doubling the concentration of B will double the reaction rate.

Doubling the concentration of B will have no effect on the reaction rate.
Doubling the concentration of A and B will have no effect on the reaction rate.

depends on the stoichiometry of the overall reaction
is the sequence of steps in the mechanism
controls the speed of the overall reaction

The results in the table were obtained for the reaction

X + 2Y —» Z

Experiment = [X] (moll') = [Y] (moll™) Initial rate (moll's™")
1 0-030 0-030 0-0064
2 0-060 0-030 0-0128
3 . 0-030 0-015 0-0064

From these results, the rate equation is

A rate =k[X]

B rate =k[Y]

C rate =Kk[X][Y]
D rate = k[X][Y]%.

4.

Kinetic data for the reaction between bromate ions and bromide ions in the presence
of hydrogen ions is shown below.

Experiment | [BrO, ] (moll™") | [Br'] (moll™") | [H'] (moll™) | Initial rate (moll™'s™")
1 0-1 0-1 0-1 8-:0x 10
2 0-2 0-1 0-1 16 x 107
3 0-2 0-2 0-1 3-2x107
4 0-1 0-1 0-2 32x107

Which line in the table shows the order of reaction for each reactant?

BrO;~ Br H
A 1 1 0
B 1 1 2
C 1 2 2
D 2 2 0

The reaction between nitrogen monoxide and hydrogen occurs by the following mechanism.

WO+H, M N,+H0,

HO,+H, — 2%  2H,0

The overall order of this reaction is

O N @ >
v oA WN



Kinetics

For th ion
The reaction X + 2Y — Z has the rate equation shown below. 9. Forihe reactio

2A+2B—C
rate = k[X][Y]

. . . the rate equation is
Which of the following could represent the rate determining step?

rate = k[A][B]>.

A X + Y — intermediate
B Y+ Y — intermediate Which of the following could be a possible mechanism for this reaction?
C X+Y—1 A A+B—X  (fast)
D XY+Y—1 X+A+B— C (slow)
B A+2B— X (slow)
The following reaction is first order with respect to P and second order with respect to Q. X+A—C (fast)
C 2A+B—X (slow)
P+Q—=R+S X+B—C  (fast)
Which of the following statements is not correct? D 2A+B—X (fast)
X+B—C (slow)
A The reaction is third order overall.
B  The reaction occurs by a simple one step mechanism. 10. For the reaction
C The rate of the reaction decreases as the reaction proceeds. 2P +2Q — R
D The rate of the reaction will double if the initial concentration of P is doubled. the rate equation is

rate = k[PI*[Q].

The graph shows the change in concentration of reactant A as a reaction proceeds.

A Which of the following shows a possible mechanism for this reaction?

A P+2Q— X slow
X+P—R fast

B 2P+ Q— X slow
X+Q—R fast

[A]

time C P+2Q— X fast
X+P—R slow
The order of reaction with respect to A is D 2P +Q — X fast
A zero X+Q—R slow
B first
C second 5
D third.
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11. Which of the following graphs would be obtained for a reaction that is zero order 13. For the reaction
with respect to reactant X?
A+B—C
A
the following data were obtained.
rate
Experiment Initial concentration | Initial concentration | Initial rate of formation
P of A (moll™") of B (moll™) of C(moll's™)
X1
1 0-1 0-1 0-05
B
2 0-2 0-1 0-05
rate 3 0-1 0-2 X
Given that the rate equation is
[X]
— 2
C Rate = k[B]
the value of X will be
[X]
A 0-05
B 0:10
time Cc 015
D D 0-20.
]
14.  The rate equation for the reaction between nitrogen monoxide and chlorine is
time rate = K[NOJ?[Cl,]

The units for the rate constant, k, in this reaction are

12. The rate of a chemical reaction is second order overall. Ao -
The units for the rate constant, k, are E :n’:‘l):_, z_,
A moll's™ D Emol?s™.
B Imol's™
C Emol?s™
D [Zmol®s.
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16.

15  In a series of experiments P and Q reacted to
form R. The time taken to produce a fixed
concentration of R was recorded.

Experiment | Initial conc” | Initial conc” | Time/s
of P/molI”" | of Q/mol I’
1 0-05 0-05 46
0-05 0-10 23
0-10 0:05 46

T'he rate equation for this reaction is
A Rate = k[P]

B Rate =k[Q]

C Rate =k[Q)?

D Rate = k[P][Q)].

X +Y -5 X,Y

is a TWo-step process

X +Y —= XY (zlow)

XY + X —= X,Y (fast)

A suggested mechanism for the reaction

Thiz mechanism is consistent with the rate

equation,

A rate = k[XY]

B rare = k[X][Y]
C  rate = k[XJ[Y]
D rare = k[X][XY].

17.

18.

The following data refer to initial reaction

rates obtained for the reaction

X+ Y+ Z = products

Relative
Run concentrations Relative
initial rate
[X] | Y] | [4]
1 1-0 1-0 1-0 03
2 1-0 20 10 06
3 2-0 20 1-0 1-2
+ 2-0 1-0 20 06

These data fir the rate equation
A Rate = k[X]

B Rate = k[X][Y]

C Rate = k[XJ[Y]*

D Rate = k[X][Y][Z]

For the reaction
2NO(g) + Cly(g) = ZNOCl(g)
the suggested mechanism is

NO(g) + Cl(g) 212% NOCl,(g)
NOCl,(g) + NO(g) -85t 2NOCI(g)

The rate equation is

A rate =k[NOJ[CL,]

B rate = k[NOJ’[CL,)

C rate = k[NOCL][NO]

D rate = k[NO,INOCL][CL].

19. Which of the following is a correct statement

20.

21.

about a catalyst?
For a chemical reaction it

A does not alter the value of the rate
constant

B  alters the walue of the equilibrium
constant

C  alters the reaction mechanism

D  has no effect on the value of the
activation energy.

The following reaction is first order with
respect to each of the reactants.

A+B=aC+D
Which of the following is correct?

A The rate of the reaction is independent of
the concentration of either A or B.

B The overall reaction is first order.

C  If the initial concentrations of A and B are
both doubled, the rate of the reaction will
be doubled.

D As the reaction proceeds, its rate will
decrease,

In a chemical reaction the rate is doubled for
every 10%C rise in temperature.  When the
temperature is increased from 20%C to 60°C,
the rate of the reaction will become faster by a
factor of

A k]
B 4
C 5
D16




Kinetics

22.

23.

Two mechanisms have been proposed for the
hydrolysis of 2-bromo-2-methylpropane.

One of these has only one step

{CH,),CBr + OH™ = (CH,),COH + Br~
T'he other has two steps

(CH,),CBr = (CH,),C* + Br~ (Slow)

(CH4),C* + O = (CH,),COH {Fast)
The reaction is observed to follow first order
kinetics,. The rate equation for the overall
reaction is

rate = k[{C| I1;|3L‘ ﬂr]

rate = k[{CIL;),CBr][OH]

rate = k[(C1;)4C")

rate = k[(CH ), C"[OHT).

o0 8 =

The reaction berween nitrogen monoxide
(MO and hydrogen occurs by the following
mechanistic steps:
INO+H, Mo N,+H,0,
H,0,+H, —=p 2H,0
The order of this reaction will be
A

1
B 2
cC 3
D o4
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Kinetics

Sulfur is formed in the reaction between sodium thiosulfate and hydrochloric acid.

(a) In an experiment to determine the rate equation for this reaction, a student

obtained the following data.

bperimens | MSOG0T | e | il e
1 5.00 x 1072 2.00 = 107 .55 = 1077
2 1.00 % 107 2.00 % 107 1.31 % 1072
3 1.00 x 107" 4.00 % 107 1.31 = 1072

(i) Determine the order of reaction with respect to Na,5,0,.

(i) The reaction is zero order with respect to HCL

Complete the diagram below to show the effect of changing the
concentration of HCl on the reaction rate.

(An additional diagram, if required, can be found on page 33.)

rate

[HCl(aq)]

(iii) Write the overall rate equation for the reaction.

(iv) Calculate the value for the rate constant, k, including the appropriate

units.

|

MARKS

2. Ethanal reacts with hydroxide ions to form 3-hydroxybutanal.
(a) An experiment was carried out to determine the kinetics for the reaction.
The rate equation was found to be
rate = k [CH,CHO(aq)] [OH (aqg)]
(i) State the overall order of the reaction.
1 (i) One set of reaction conditions gave the following data.
[CH;CHO(aq)] [OH (aq)] Initial rate
(moll™) (moll™ (moll™'s™)
0.100 0.0150 1.72 =107
1
Calculate the value for the rate constant, k, including the appropriate
units.
1 (iii) The reaction mechanism is shown.
Step1 CH,CHO + OH- = “CH,CHO + H,0
Step2 CH,CHO + ~CH,CHO —  CH,CH{O")CH,CHO
2 Step3 CH;CH(O")CH,CHO + H,0 — CH;CH(OH)CH,CHO + OH

Explain which step is the rate-determining step.
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The equation for the reaction between mercuric chloride and oxalate ions is ©
shown.

2HgClL(aq) + C,0.7 (aq) — 2Cl(aq) + 2CO4(g) + He,Cly(s)

In an experiment to determine the kinetics for this reaction the following results
were obtained.

Experiment (lnljgﬁlf-,]) Efnz;:‘lii Initial(::l?‘fsrj;ction
1 0.0840 0.200 0.860 x 10°¢
2 . 0.0840 0.400 3.44 % 1078
3 0.0420 0.400 1.72 % 1078
4 0.0320 211 x 10"

(a) Determine the order of the reaction with respect to

(1) HgCl, 1
(i) C,0.- 1
(b) Write the overall rate equation for the reaction. 1

(i) Calculate a value for the rate constant, k, including the appropriate
units.

(ii) Calculate the initial oxalate concentration, in moll™, for experiment 4.
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Kinetics

At high temperatures, nitrogen monoxide can also react with hydrogen.

A proposed reaction mechanism is

Step1  2NO(g) + Hy(g) — N;O(g) + H,0(2) (slow)

Step2  NO(g) + Hy(g) — Ny(g) + H,0(g) (fast)

(i) (A) Write a rate eguation for this reaction.

(B) The experimental rate constant is 2.7 = 10° Emol?s™,

The table shows experimental rate data for the reaction.

[NO] (mol ™)

[H.] (mol ™)

Initial reaction rate (moll™'s™")

0.015

0.0040

Complete the table to show the concentration of nitrogen

monoxide.

(ii) Write a balanced equation for the overall reaction.

In an experiment to determine the rate equation for this reaction, some
of the data obtained by a student is shown below.

[[Ni(OH,), 1*] tmoll™) | [NH,] (moll™") | Initial rate (moll™'s™")

0-10 0-25 1-3 = 102

The student proposed the following rate equation.
rate = k [[Ni(OH,):]**] [NH,]

(i) Determine the overall order for this reaction.

(ii) Calculate the value for the rate constant, &, including the
appropriate units.
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Reaction kinetics can be used to determine the order and mechanism of 7.
chemical reactions.

A proposed mechanism for the reaction between hydrogen peroxide,
H,0,(aq), and iodide ions, I(aq), is shown below.

Step 1 H,0,(aq) + I(ag) — 107 (ag) + H,0(L) slow

Step 2 I07(ag) + H,0(agq) — HIO(ag) + H,0(E) fast
Step 3 HiO(ag) + H,0%(aq) + I(ag) — Ilag) + 2H,0(¢) fast

(a) State what is meant by the order of a reaction. 1
(b) (1) Determine the overall order of reaction for the mechanism above. 1

(i) Write the rate equation for this reaction. 1
(c) Write a balanced equation for the overall reaction. 1

Butan-1-ol can also be synthesised from 1-bromobutane by a different
type of chemical reaction.

An experiment was carried out to determine the kinetics for the
reaction. Under certain conditions, the following results were obtained.

[C,H.Br] (mol ) [OH] (mol I Initial rate (mol 1" s7")
0-25 0-10 3.3 % 10"
0-50 0-10 b6 x 10°°

(i) The reaction is first order with respect to both reactants.

Write the overall rate equation for the reaction.

(ii) Calculate the value for the rate constant, k, including the
appropriate units.
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Kinetics

Vanadium(lll) ions can react with iron(lll) ions in solution.
V¥(agq) + Fe'(ag — V¥(aq) + Fe''(aq)

(i) The reaction is first order with respect to both V3+(aq) and Fe-"*(aq}.
Write the rate equation for this reaction.

(i) In the presence of a Cu**(aq) catalyst, the reaction mechanism is:

slow
Cu¥(ag) + V@ — Cu(ag) + V¥(aq)

fast
Cu(aq) + Fe*(agq) — Cu*(agq) + Fe'(aq)

{(A) State the order of the reaction with respect to Fe**(aq) when
a Cu®(aq) catalyst is present.

Explain your answer.

10

Chlorine dioxide, ClO,, is used in water sterilisation.

An experiment was carried out to determine the kinetics for the reaction
between chlorine dioxide and hydroxide ions.

2C10,(aq) + 20H (ag) — ClO,(ag) + ClO, (ag) + H,0(8)

Under certain conditions the following results were obtained.

[ClO,] (mol ™) [OH] (mol [ ") Initial rate (mol['s ")
600 x 102 3-00 x 102 2:48 < 102
1:20 = 107" 3-00 = 107% 9.92 = 1077
1:20 x 107" 9-00 x 102 2-98 = 107"

(i) Determine the order of reaction with respect to:

(&) clo,

(B) OH

(ii) Write the overall rate equation for the reaction.

(iii) Calculate the value for the rate constant, k, including the
appropriate units.



10 Nitrogen monoxide reacts with hydrogen as shown.

Kinetics

measured.

INO(g) + IH,(g)

- Nym + 2H,0(m

In a series of experiments, at a fixed temperature, the initial rates of this reaction were

Eperimens | WMALNOV | DGy | il
1 200 % 1077 1-200% 1077 740 % 1077
2 200 % 1077 240 % 1077 x
3 400 = 1071 240 % 1077 ¥

The following rate equation was deduced.

Rate = k[NO]?

(i) Using the information above, determine the numerical values for x and y.

(ii) For experiment 1, calculate the value of the rate constant, k, including the appropriate

units.

11

11.

The results of experiments on the alkaline hydrolysis of 2-iodobutane, CH;CHIC,H;, are shown in

the table below.

The equation for the hydrolysis is

CH,CHIC,H,(f) + OH7ag) — CH,CH(OH)C,H.(f) + I(ag)
Experiment | [CH;CHIC,H:]/mol 1" [OH ]/mol I Initial Rate/mol1's™
1 0-10 0-10 1-4 = 10+
2 0-20 0-20 20 % 107
i 0-30 0-10 41 = 107

(a) Determine the order of reaction with respect to

(i) CH,CHIC,H,

(i) OH"~.

(B)  Using vour answers to part (a):

{1} write the rate equation for the reaction;

(i)

calculate a value for the rate constant, k, including the appropriate units
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12. 13.

A kinetics study was carried out on the reaction between a halogenoalkane, C,HyBr, and aqueous
sodium hydroxide.

The rate equation for the reaction between nitrogen dioxide and fluorine is

Rate = k[NO,][F,]

“yHyBr + NaO WHyOH + NaB . R
CaHoBr “OH — C,H,OH e A proposed reaction mechanism is

The following results were obtained.

Step one NO,+ Fy = NOF+F

Step two NO, + F = NO,F.
[CyHyBrlfmol 1™ [NaOH]fmol 17 Initial Rate/mol I7's™
&0 = 10 0-10 015 (@)  Which step in the proposed reaction mechanism would be faster?
1:6 % 107 010 030 (b}  Write a balanced equation for the overall reaction.
1-6 = 107 0-20 0-30
32 % 107 0-40 060

(¢} What iz the overall order of the reaction?
{a) What s the order of reaction with respect to
(i) the halogenoalkane

(i) the sodium hydroxide? 1

() —
. . " ] Initial rate/
: NO. ! ! e
Write the rate equation for the reaction. 1 Experiment [ 2Jfmol 1 [F5}fmol 1 mol I s~
1 0-001 0-003 1-2x% 107
2 0-006 0-001 24 07
Caleulate a value for the rate constant, k, including the appropriate units. 2 4
3 0-002 0-004 32x 10

Use the data in the table to calculate a value for the rate constant, k, including the
appropriate units.

12
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14.

lodine reacts with propanone as follows.
L+ CH,COCH, ——— CH,COCH,I+ HI

A possible mechanism for this reaction is

0 OH
I ) I
CH,—C—CH, + H — (CH,—C—CH, slow
*OH OH
I
CH,—C—CH, ——= CH,—C=CH, + H' fast
OH 0

CH,—C=CH, + I, ——— CH;—C—CH,I + HI  fag

Write a rate equation for this reaction based on the above mechanizm,

15. A mixture of butan-1-ol and butan-2-ol can be synthesized from 1-bromoebutane in a two stage

process.

CH,CH,CH,CH,Br

KOH/C,H,0H

———» (H,CH,CH=CH,

Stage 1

H,O/H" butan-1-ol
%— +
Stage 2 butan-2-ol

l-Bromobutane reacts with hvdroxide ions in a nucleophilic substitution reaction to
produce butan-1-ol. The following results were obtained for this reaction.

Experiment  |[1-Bromobutane]fmaol I”' [OH fmol I”' Initial ratefmol ™5™
1 025 0-10 33 % 107"
2 0-50 0-10 66 % 1078
3 0-50 0-20 1-3 » 107

{1}  What is the overall order of this reaction?

(i1) Calculate a value for the rate constant of this reaction, giving the appropriate units,

13
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16.

A kinetics study was carried out on the reaction between a haloalkane, CyHBr, and aqueous sodium
hydroxide.

C,H,Br + NaOH — C,H,0OH + NaBr

The following results were obtained.

[C4HBr]fmol I"! [NaOH]/mol 1™ Initial Rate/mol I7's™!
80 % 107 010 015
1-6 % 1077 010 030
1-6 % 107 0-20 0-30
32 % 1077 -4 060

{a)  What is the order of reaction with respect to
(i} the haloalkane
{1t} the sodium hvdroxide?
(B)  Write the rate equation for the reaction.
(¢} Calculate a value for the rate constant, k, including the appropriate units.

17

14

The following table of results was obtained for the reaction below.

(a)

(b)

(e)

H,0,(aq) + 2HI(aq) — 2H,0(0) + Ijaq)
Experiment [H,0,)/mol I [HI}/mol ™! Initial rate/mol I”'s™
1 32x 107 +1x107 +3x 107
2 64x 107" +1x107" 86 x 107
3 32x 107 g2x107" 86107
4 64 x 107 82 x 107 1-72 x 107

Determine the order of this reaction with respect to

(i) H,0,
(1) HIL

Write the rate equation for the reaction.

Calculate a value for the rate constant, k, including the appropriate units.
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18. The bromate ion, Br0,~, is a useful oxidising agent.

(b}

The following table of results was obtained for the reaction between bromate ions and

bromide ions under acidic conditions.

BrOTaq) + 5Braq) + 6H(ag) — 3Br,laq) + IH,0({)

Experiment [fnr;?lq"f Jﬁ?}ll- -I:lf . rE:Itljf \ I:::]-ail_lrﬂliff
! 005 | 005 | 005 |50x10°
2 0-10 005 005 10 % 10+
3 010 010 005 240 % 107
4 005 | 005 | 010 |20x10%

(i) Deduce the order of reaction with respect to each of the three reactants,
{ii)  Write the rate equation for the reaction.

(11} Calculate the rate constant for this reaction giving the appropriate units.

19. Ozone, Oy, is one of the earth’s key defences against damaging ultra-violer radiation,

The following table shows how. the initial rate of reaction 2 wvaries with changing
concentrations of NO,(g) and O(g) at a fixed temperature.

[O)/mol I [NO,/mol I Initial rate/mol '™
9:20 % 107" 1-11 = 1072 610 % 1077
1-81 107" 111 x 107" 120 = 107"
1-81 % 107" 2231072 241 x 107"

(i) Determine the overall order of this reaction.

(i) Calculate a value for the rate constant, k, including appropriate units.

15
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20 The following table of results was obtained for the reaction below.

H;0,(aq) + 3I7aq) + 2H" (aq) —— I, (aq) + 2H,0(4)

Experiment [H,Og/ ry HY Initial rate/
mol | moll™ mol ™! mol '™

! 03 03 0-002 2:07x 107

2 06 03 0-002 414x107

3 03 06 0-002 414 %107

¢ 0 03 0-004 207 x 107

(a) Write the rate equation for the reaction.

(b) Calculate the rate constant for this reaction giving the appropriate units,

16

21

solution.

R,CBr+OH - RyCOH + Br”
{where R = H and/for an alkyl group)

Two possible mechanisms for the reaction are outlined below.

Mechanism 1 (two-step process):

R
\c —[!}r — . @ 8@
o i
xd Y
| /
Hg@ c ® __. HO—C
\_j i\ N
R R R
Mechanism 2 (single-step procesa):
(S]

R
R
l

HQ@ \C—Q — |HD---C ---Br -—n-—HO‘-‘—C' +

Il A

a) A bromoalkane reacts as in mechanism 1.

Bromoalkanes undergo nucleophilic substitution when heated with aqueous sedium hydroxide

sloe

R

B O
V%

R

‘Write the rate equation that would be obtained in a kinetic study of the reaction.

b) Another bromoalkane reacted as in mechanism 2 and the following kinetic data were

obtained:
Experiment Concentration of Concentration of Relative rate
R,CBr/mol I” NaOH(aq)/mol I”
1 005 0-10 1
2 008 0-20 x
3 010 ¥y 10

Determine values for x and y.
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Kinetics

In a PPA. the kinetics of the Wid-ﬂtﬁl}'!ed p none,."iodhme reaction were studied. 23. Benzene can be nitrated by resction with concentrated nitric acid.
Ha NGO,
CH,COCH {aq) + I{ag) CH,COCH,I(aq) + Hl(aqg) .
4 HNO, — + H0
The reaction is first order with respect to propanone and first order with respect to the
hydrogen ions which catalyse the reaction, The order with respect to iodine is unknown. The ) o .
rate equation is The graph below shows the results obtained on nitrating benzene in an excess of concentrated
nitric acid,
Rate = k[I,]'[CH;COCH;}[T—T']
20
The aim of the experiment was to determine x. =
) o -, ™
a) The experiment proved that the order of the reaction with respect o iodine was zero. o158 .,
Copy the axes shown and sketch the graph which would be obtained. Benzene ™
concentration/mol r
0-10 .,
-\\
<)
(-5
[ Vmad ™
S
M
10 0 30 4 50
Timne/mmin
Time/s 1 ) . ) i L
Results from a separate experiment showed the reaction to be first order with respect to nitric
acid. ;
b) What is the overall order of the reaction? 1 .
(@) (i) From the graph, deduce the order of the reaction with respect to benzene.
(i)  Write the rate equation for the reaction,
1

C) What are the units for the rate constant, k¥
(i) What must be the minimum number of steps in the reaction mechanism for it to

be consistent with this rate equation?

17
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24 The graphs show how the concentrations of reactants A and B change with time for the reaction 25
A+B—=C
Using a large excess of B Using a large excess of A
[A] (2]
Jmol ! l|"mnll'l
0-60 0-006 -&
0-50 0-005%
0-40 0-004
0-30 0-003
0-20 0-002
0-10 (0-001 =
HH 1 H
0-00 Tt 0-000 X F
0 10 20 30 40D 50 60 70 0 10 20 30 40 50 &0 70 80 90 100
Timefs Time/s
(@) What is the order of reaction with respect to A? 1
(B)  Whar is the order of reaction with respect w B? 1
(c) What are the units of the rate constant in this reaction? 1

18

Consider the three reactions and their mte cquati.q:-ns

Reaction (1) 2N,00; —* 450, + (), Rate = k[N,
Reaction (2)  INO+ Cl, —» 2NOC Rate = K[NOJ[Cly]
Reaction (3)  INH, —» N, + 3H, Rare = K[NI,]"

() What 1= the overnll order of Reaction l:ijlz

(B

leh

The graph below was plotted using experimental results from ome of the reactions.

Reaction rate

Concentration of rcactant(s)

Explain which of the reactions would give this graph.

For Reaction (2), when the concentrations of NO and Cl, are both 0230 mol I, the initial
reaction rate 15 1«43 107 mal ™ &7

Use this information to caleulate the rate constant, h:1 i.ll.vl.']\.lilil’ll{ the app:’l:rpr:i;tl: units,
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Kinetics 2014

CH,COCH (aq) + liag) H (ag) CH,COCH,1 (ag) + HiI{ag)
The reaction between propanone and sodine 15 first order with respect to both propanone and
hyvdrogen wons,

In a PPA the arder with respect o wrline was determined by using very high initial concentrations
of propanone and hyvdrogen ions compared with that of isdine. Samples of the reaction mixmre
were removed at regular intervals and added to a solution that essentially stopped the reaction. The
wdine concentration was then determined by titration using starch solution as an indicaror.

{d} The graph shows how the iodine concentration varics as the reaction proceeds

L
L1/
ol
Time f =5
From the graph above determine the order of the reaction with respect o iodine. 1

19
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

la(i) 1% order

(ii)

rate

[HCl(aq)]
(iii) Rate = k[Na;5;0:(aq)]
(iv) 0.131 s’

2a (i) Second.
(M) 1.45 (mol’s"
(iii) Step 1
AND

CH:CHO and OH" are involved

3. a (i) 1*/first

(i) 2™/second

b Rate = k [HgCly] [C204 T2

c(i) 2.56 % 10* BEmol?s k=

(i) 0.508 (mol ')

K= rate 6.55x107 mal I's" 0131 <
[Na25:03:] 500x107 mol 11 S
k= rate } 1.72x10° mol I 5™ - 115 Lmol " 5™
1 -1 T 0,100 mal U x 00150 mel I o
CH3CHOJ[OH ' l mot-s
rate 0.860x10°% mal L' 2t
= = 2.56x10* 12 mol 2 5!
[HgCIz][CZO42']2 0.0840 mal 1 x (0.200)° mel® ¢ X mol
Rate z k x [HgClz] = [C:04F
211x10% = 256x10° x 00320 x [C:04F
2. 11x10°¢
29 _ . _ B -7
= 0.258 mol®
[C2047] 2.56x10 x 0.0320 me
[C204%] J0258 mal It = 0508 mal I
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9. (i) 2" order/2 (A) 1% order/1. (B)
4.a  Rate = k[NO(g)]"[Ha(g)]

" ) -
Rate 0.0040 (i) Rate= k[ClO]* [OH]

b (i) [NOF = : - 9.87x10°
K[H:] _ E.Txm x 0.015 (i) 230 & mol 2"
[NO]= 9.94x10% mal I
(i) 2NO( i
g) + ZHa(g) — Mz(g) + 2H:0(g)  State symbols are not required but _ -3 4
any that are given must be correct. 10 (i) x=T40 =10 /7.4 = 10
y=296x10"/3-0x 10"
5 (i)  second
. _ rate _ 1.3%10° mel 1* st _ 4o
(i) 5200 Imol's' K- [[Ni(OH2):*]1[NHz] ~ 010 mol ' x 025 mal 11 ~ 3200 L mol™ 5 K — 7-40x10™

e _] _I 7. 3
(i) 185 1mol's (2-00)(].0-]}2

6.a) The number of particles of reactant(s) involved in the rate determining step/slowest step.

o ) 11a (i) 1 or first
i) 'secon
i (i) 0orzero
' Rate = k[H:0:][I
[H:0:][1] b()  Rate=k[CH,CHIC,H;]

. . State symbaols are not required but - rate
C -
) HiOu(aq) + 2I'(aq) + 2H:0*(aq) >  lz(aq) + 4H;0(1) any that are given must be correct. (i) Accept (1-37 - 1.45) x 107 s 1 k [CH3sCHICzHs)
- . 14x10% mol I s
B 0-10 mol L
7 (i) rate = k[C4HsBr][OH] = 14 x 107 57
. 12 (i First order
(i) 1.3% 10" Lmol' s rate = k[CaHsBr][OH"] (i)
k = rate (i)  Zero order
[C4HsBr] x [OH]
_ 33x10%mol s b)  Rate = k|C,HqBr]
" 0.25 mol I x 0.10 mol I
=1 -
- 132x10% Umol s <) 1875s k =Rate/[C,H,Br] = 0-15/8.0 x 10"

8 () Rate = k [V**(aq)] [Fe* (aq)] ) Stept
a)  Step two
(i) Zeroorder /0
b) 2NO;, + F, — 2NOF QR NO; + UWF, — NOF

I+ :
Fe*"is not a reactant in slow step /RDS ) 2 order or 2

d) k= Initial rate/[NO,][F:] = 40 I mol s
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19. () Second orderor2

5.97x10° L mol's?  Rate = k [O][NO:]
k= rate _ 6.10x10°Y mal 115t
T [OJNO:z] T (8.20:10"mal 1) x (1.11x102mel 1)~

14. Rate = k[CH;COCH;] [H,0'] i

15, (i) 2™ order

(i) 132=10"0r1.3%10" Imol's" Rate = k[OH ][ 1-bromobutane] _
. 20. (i) Rate = k[H,0,] [T]
33107 4 4
= oo =132x 10" or 1.3 % 10 () 23%10% mol'ls’ o . Rae
16. af(i) Firstorl (i) Zeroor () [H,0,]x[17]
b  Rate = k[C,HqBr] i 207x10%
0.3x0.3
c 187.5s! k =Rate/|CH,Br|
s ‘ 21 a) Rate = K[CR:Br]
0-15/8.0 x 10°°
b) X=2
y=05
22. a a1
17 a (i) 1/1% order ) (Iz)mol | Accept line touching axes
’ line must be sloping
.. - correct way but ignore
(i) /17 order steepness
b R K[HLO.][HI] Labels not required
ate = K| Halh
Time's
K = Rate
C 0.03280.033 mol'1s" H,0, HI
b) 2 or2™order
- 4.3 % 10" o
3.2x10 *x4.1x 107 c) mol is
18. (i) 1" order wrt [BrOy] .
1* order wrt [Br] 23 (i) Zero order
2™ order wrt [H']
. (i)  Rate = k [HNO3]
(i) Rate =k [BrOy][Br][H']
(iii) 2
(i) g 3 A rate _ 5x10° mal I 57 . . . ..
I'mol™ s k= BrOTIBIHT = (005wl x (0.0 mol 1) x (005wt P = Benzeng is not involved in ;rhe slow rate deTermlnlng step ‘
Mechanism must have a 2" faster step which benzene takes part in.
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24,

25

26.

a)
b)

c)

a)

b)

c)

feroorQ

First or 1

S-'I

Third order/3"/3

Reaction 3
Concentration of reactant has no effect on rate

9.15 % 10° P mol”s” k= Rate
[NOJ?[CL]

1-43 % 10°

(0-250)7(0-250)

0 or zero order
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