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(a) Chlorine dioxide undergoes the following reaction in agueous solution.
2C10, + 20H- —» CIO, + ClO,- + HO

The initial rate of the reaction was measured at different initial concentrations of C10, and OH".
The table shows the resulis obtained.

: [ClO,] [OH] initial rate
EapenmEt {moldm? /moldm-* fmoldm*s-*
1.25 x 102 1.30 x 103 2.33 x 10+

2 2.50 x 102 1.30 x 1073 9.34 < 10

3 250 x 10 260 x 10 1.87 x 107

(i) Use the data in the table to determine the rate equation, showing the order with respect to
each reactant. Show your reasoning.
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(ii) Calculate the value of the rate constant, k, using the data from experiment 2. State its
units.
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(d) NO reacts readily with oxygen.

ZNO(g) + O.g) — 2NO.(g)

The table shows how the initial rate of this reaction at 25 “C depends on the initial concentrations

(i

of the reactants.
initial concentration/mol dm™ initial rate
[NO{g)] [0,(g)] /moldm*s™
0.100 0.0500 3.50
0.0500 0.100 1.75
0.0500 0.0500 0.875
Deduce the order of reaction with respect to each reactant. Explain your reasoning.
order with respect to [NO(g)] C”“\""""‘l“@e«m«}{“J\?’?WL“\[NO—&H\»W’CS\" T TS
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(i)

State the rate equation for this reaction. Use the rate equation to calculate the rate constant.
Include the units for the rate constant in your answer.

rate = |< [ Na@-y fO} (3';]
0375 = [ (LS Y G,OS)
(= Tooo

L g e
units of k= me\s ............
[3]
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(d) The reaction between X and ¥ was studied.

g\ovd

fm&"

2K +Y o 2
The following sequence of steps is a proposed mechanism for the reaction.

step 1 25 - v 5‘0""
step 2 V+Y¥ =22 45"

The general form of the rate equation for this reaction is as follows.
rate = k[X]"[Y]"
Step 1 is the slower step in the mechanism.

Deduce the values of m and n in the rate equation.
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(iiy The equation for the reaction between CIO, and F, is shown.
2CI10, + F, —» 2CIO;F
rate = k[CIO,][F,]
The mechanism for this reaction has two steps.

Suggest equations for the two steps of this mechanism, stating which of the two steps is
the rate-determining step.

[2]
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e - KA

The rate equation for this reaction is given.

rate = kINOF[H,]

2 d\e‘(coseb NO
| mg\cgok, \‘\ b}

(f) The reaction is believed to proceed in three steps.
1 2NO — N,O,
2 NO, + i—; N,O + H,0 b‘cw
3 NO+H, >N, +HO
(i) Deduce which of the three steps is the rate-determining step.
(ii) Explain your answer to (i).
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4 (a) Ethanal, CH,CHO, dimerises in alkaline solution according to the following equation. (b) (i) Athree-step mechanism has been proposed for the reaction in (a).

0
2CH,CHO — CH,CH(OH)CH,CHO g ; ol jo
step 1 CH,—C + OH = CH,—C + H.0
The initial rate of this reaction was measured, starting with different concentrations of CH,CHO 1"~H ‘\H
and OH-. The following results were obtained.
$- T
of C;;“ ﬁ’ﬂ _?
initial rate of reaction T
[CH,CHO}/moldm—? | [OH-]/moldm~ (relative values) step 2 {:HJ_—JE GHE—C R ::Ha—{lz —CH,—C
2% g 0.10 0.015 1 } PP /N” %—H
0.20 gd/ 0015 2 £59«=H4 6 55 E\ OH o
2% 0.40 A 0030 8 | 4 | £
' ' step 3 CH3—£|3 —& HE—E\‘ + HO —= CHa—(I: —CHE—C\ + OH
(i) Deduce the order of the reaction with respect to CH,CHO. 2x H H H H
{ 5} 0{90,4 : g . i i
....................................................................................................................................... [1] USll'g :'rﬂ.ur rate Equﬂﬂm in {i“}. prﬂdmt which is the mtehdemm'mng STEIJ'.
Explain your answer.
(if) Deduce the order of the reaction with respect to OH-.
d *’ &6/ rate-determining stepl ‘
o o )
........................... YOO e [1] i e AP CH‘;(HOM(M“Qea&

s et Tk e e e e
rate= . [CLIbCGO—jEOH ....................................... sy P

(v) State th e for th X R S N \ R (i} Describe the chemicalhehaviuurufGHﬁG&D in step 1.
3 e uni r the rate consant, A.
" KLz I meld <
I~ W .V, T W U SO O N e R S, [1]

(c) Name the mechanism occurring in s§ps 2 and 3.

(v) Calculate the initial rate of reaction (relative value) for a reaction where the [CH,CHO] is NV -\\-; f
0.30 mol dm* and [OH] is 0.030 moldm-. QlQOPL\ ‘\(9"\‘ [1]

U,.‘ eﬁea 5 (d) Llsing_ the diagram below, show the mechanism for step 2 showing the relevant cury arrows
and dipoles.
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(b) The rate of this reaction was measured at different initial concentrations of the two reagents.
The table shows the results obtained.

(i)

| [C.H,CHCICH,] [OH] .

experiment | 1¢ = 7 - foras relative rate
1  0.05 2@, . 0.10 @p05 |
2 [ o010 ~0.20 V1o ) 17
3 N 0.15 0.10 15 &
4 0.20 0.15 to be calculated

Deduce the order of reaction with respect to each of [C.H.CHCICH,] and [OH].
Explain your reasoning.

order with respect to [C,H.CHCICH,] 15[’:;1&2/4

order with respect to [OH"] (Se(ocrftpef

[2]

(ii) Write the rate equation for this reaction, stating the units of the rate constant, k.
rate = K[G;L]SCHCXCLJ:}) moldm—=s™
-

unitgof k= ......S5 oo,

(iii) Calculate the relative rate for experiment 4.
(or\‘lﬂ" ’J )—% q4 | +)
relative rate for experiment 4 = ... fro € Seermra | |

(c) (i) Use your answers in (b){i) to help you to draw the mechanism for the reaction of
1-chloro-1-phenylethane with hydroxide ions, including the following.

e all relevant lone pairs and dipoles
e curly arrows to show the movement of electron pairs
e the structures of any transition state or intermediate

©
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[3]
(ii) This reaction was carried out using a single optical isomer of 1-chloro-1-phenylethane.

Use your mechanism in (i) to predict whether the product will be a single optical isomer or
a mixture of two optical isomers. Explain your answer.
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Important information for this question
e In this question (pr) means ‘a solution in propanone’.

e Sodium iodide is soluble in propanone giving Na*(pr) and I-(pr).

(d) (i) Suggest the mechanism for the reaction of 2-chlorobutane with iodide ions. Draw out the
steps involved, including the following.

¢ Sodium chloride is insoluble in propanone.

(c) The rate of this reaction was measured at different initial concentrations of the two reagents.
The table shows the results obtained.

experiment EGHfr:'é?deECHE] [I7})/ moldm™ relative rate
1 c . 006 0.03 c 3 N\S«
=K =K
> [ N o010 0.03 3/*3 YA
3 0.06 D!JS \I 5
4 0.08 0.04 to be calculated

(i) Deduce the order of reaction with respect to each of [CH,CH,CHCICH,] and [I].
Explain your reasoning.

1k odes

order with respect to [CH,CH,CHCICH,] ...~
order with respect to [I-] 15["&{(99{ .
[2]

(ii) Write the rate equation for this reaction, stating the units of the rate constant, k.

rate = K,[C”éC”?_CL}C«RCF\slfl’]

5 -
So Snl [1]

(iii)y Calculate the relative rate for experiment 4.
(O“\Pwﬂ“a l f'\ L A ’j o-olf _h
T [ engeh, cncd i), 222 <2 - ooy 73

/,/p}c 3;‘%’— 7‘&( g ‘))3 3 relative rate for experiment 4 = ... S 3 SRS | |

. moldm3s!

unitsof k= .......

e all relevant lone pairs and dipoles
e curly arrows to show the movement of electron pairs
e the structure of any transition state or intermediate @
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(ii) This reaction was carried out using a single optical isomer of 2-chlorobutane.

Use your mechanism in (i) to predict whether the product will be a single optical isomer or
a mixture of two optical isomers. Explain your answer.
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(g) A third experiment is performed under different conditions. A small amount of H,(g) of
concentration 0.0200moldm= is mixed with a large excess of NO(g). The concentration of
H.(g) is found to have a constant half-life of 2.00 seconds under the conditions used.

(i) Define the term half-life.

Mo ng, \,,JC f;{ \feo\&am} CoNs (o&i@"(\"‘l?ed%é
‘/\JWC 6& "‘WQ VJU& Mo s d ML o o L T

(ii) Use the axes below to construct a graph of the variation in the concentration of H,(g)
during the first 6 seconds under the conditions used.

0.02
[H,]/mol dm=2 Ens .
0.01 ]
\>
0
0 1 2 3 4 5 (5]

time/s

(2]
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