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1. inc reacts with copper(1l) sulfate solution, CuSOq(aq).

Which apparatus could be used to determine the effect of the concentration of CuSO4(aq) on the
rate of reaction? S 0 Gl
s+ OnsOyngy 7 S0 gy ¥
| AWML . oA
B gas syringe M. ¢l .
@ colorimeter M '
; ! (V4]
N pH meter 0 w\é\ Wv\p/v\/(, Lo FAam Mt

Your answer
[1]

A balance




OCR (A) Chemistry A-Level - How Fast PhysicsAndMathsTutor.com
2. Using the graph, what is the value of the pre-exponential factor, 4, for the decomposition of N,Os?

2N,0s(g) — 4NO(g) + Oa(g)
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lodine monochloride, ICl, can react with hydrogen to form iodine.

2IC1 + H» — 2HCI + b

This reaction was carried out several times using different concentrations of 1Cl or Ha.

The initial rate of each experiment was calculated and the results are shown below.
Initial concentrations are shown for each experiment.

[IC1] / mol dm™ [H,] / mol dm™ Rate / mol dm™ s
Experiment 1 0.250 %2 0.500 ~ . 2.04 x 10 E\x
Experiment 2 0.500 ¢ 0.500 & 4.08 < 102 &
Experiment 3 0.125¢ " " 0250 € " © 5.00x10° & = F

(a) (i) Calculate the rate constant, k, for this reaction. Include units in your answer.
(N
Show all your working. fone = E_ R .
E“'l..3 ard CTLCL} are b Hrsk oder ax e of

reoonany o3 X Date p="s B2 | ConLernhaivon reookon
=& Rorored. by e OcorF W TR
reoarEn: core = ke CTCQHD

2.04 o~

= 0"-63 M“ d.mg &’k
0-250x o.500

WMS"
- —
Ty RS

(ii) Calculate the rate of reaction when ICl] has a concentration of 3.00 = 10~ mol dm™ and H,
has a concentration of 2.00 x 10~ mol dm™.

_ rores 0.163 [TCCALTH.L)
Show all your working. core: o163 C?' a‘kﬁ-g‘}[i x \O" 3.1

vove = A-18 %0 7 cachdn-3 37"

rate=.. O T8 NQ L mol dm™ 57" [1]
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(b) Reaction rates can be increased or decreased by changing the temperature of the reaction. Fig. 17.1
below shows the energy distribution of the reactant molecules at 25 °C.

A

25°C €a
higher
number of rSmpararare
molecules /
0 ////////f/,/?//// 7 -
0

energy

Fig. 17.1

Draw a second curve on Fig. 17.1, to represent the distribution of the same number of molecules at a
higher temperature.

Use your curve to explain how increasing the temperature increases the rate of reaction.

'Q"E...%!m@ . \LLLaETONS.LL ek ak.o.n \%YM ....................
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4.  Methanoic acid and bromine react as in the equation below.

Bry(aq) + HCOOH(aq) — 2H'(aq) + 2Br(aq) + COx(g)

A student investigates the rate of this reaction by monitoring the concentration of bromine over time.
The student uses a large excess of HCOOH to ensure that the order with respect to HCOOH will be
effectively zero.

From the experimental results, the student plots the graph below.
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(a) Suggest how the concentration of the bromine could have been monitored.

a5 N Ok.CABMN .o
O D e, 1
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(b) Suggest a different experimental method that would allow the rate of this reaction to be followed
over time.

(¢) Why would use of excess HCOOH ensure that the order with respect to HCOOH is effectively zero?

concendixadion . cr. HCOM  wand bhe
NI N K oo e 1

(dy* Using the graph, determine
e the imtial rate of reaction Cj M‘Wu( o+ WM

e the rate constant. & =-Os

Your answer must show full working using the graph and the lines below as appropriate.
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S. A reaction is zero order with respect to a reactant A.

Which concentration—time graph for reactant A is the correct shape?

b B

/D/ o v

Your answer A [1]
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6. Aqueous solutlons of hydrogen peroxide, H,0,(aq), decompose as in the equation below.
(A nAokaur
2H202(aq) — 2H,0(l) + Oz(g)

A student investigates the decomposition of H,0,(aq) by measuring the volume of oxygen gas
produced over time. All gas volumes are measured at room temperature and pressure.

The student uses 25.0 cm?® of 2.30moldm=3 H,0,. & R oA naoh

~oAar vol
From the results, the student determines the concentration of H,0,(aq) at each time. The student
then plots a concentration-time graph.

2.5
\l
2.0
AN
1.5 C
[H,0,(aq)] BN
;’r'noldm'3 \
33 N
1.0 >
A
M
b o,
M,
.Y B —
N
0.0

0 500 12 1000 d)

2000) 2500 3000
P W (2

(a) Determine the total volume of oxygen, measured at room temperature and pressure, that the
student should be prepared to collect in this investigation.

tlme!s

Suggest apparatus that would allow this gas volume to be collected, indicating clearly the
scale of working.




OCR (A) Chemistry A-Level - How Fast PhysicsAndMathsTutor.com

o2 o
5
b "“‘/’%?m

(b) Suggest a different experimental method that would allow tﬁgjrae of this reaction to be
followed over time.

N CRIMNE . Near DR OS]
-]
C elermine the initial rate ot reacton, e oraer wi respect o U5, an e rate constant.
(c)* Det ine the initial rate of ti th d ith t to H,O d th t tant

Your answer must show full working on the graph and on the lines below.

.. [6]
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7. This question is about reactions of hydrogen peroxide, H,0,.
(a) Hydrogen peroxide, H,0,, iodide ions, I~, and acid, H*, react as shown in the equation below.
H,O,(aq) + 217(aq) + 2H*(aq) — I(aq) + 2H,0(l)

A student carries out several experiments at the same temperature, using the initial rates
method, to determine the rate constant, k, for this reaction.

+
The results are shown below/f/ﬁ )5 d’d@f i

- /_@tialtfg_qgg_gg ons _—_ e o 3RS
Experiment (" [Hzﬂz(aml)C [1-(aq)] *@a)] | /10moldm-3s!
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(i) Determine the rate equation and calculate the rate constant, k, including units.

e = e [1,0, 1 [ A

roxe =w MO [ o

e
2xX\O -0©.02
o -6l x o.0l o
k= Q:Q%2 . units m"ﬁ. ..... 3;

(ii) The rate constant, k, for this reaction is determined at different temperatures, T.

Explain how the student could determine the activation energy, E,, for the reaction
graphically using values of kand T.
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(b) Solutions of hydrogen peroxide decompose slowly into water and oxygen:
2H,0,(aq) — 2H,0(1) + O,(g)
This reaction is catalysed by manganese dioxide, MnO,(s).

Standard electrode potentials are shown below.

T 0,(9) + 2H*(aq) + 2¢ = H,0,(aq) E® = +0.70V @

L MnOy(s) + 4H'(aq) + 2e” — Mn?*(aq) + 2H,0() E°=+1.51V ﬁ
JIT H,0,(9) + 2H*(aq) + 26 = 2H,0() E® = +1.78V \j\

Using the electrode potentials, explain how MnO, is able to act as a catalyst for the
decomposition of hydrogen peroxide.

Xron TN woved et .
ROER
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(c) Peroxycarboxylic acids are organic compounds with the COOOH functional group.
Peroxyethanoic acid, CH3COOOH, is used as a disinfectant.
(i) Suggest the structure for CH,COOOH.

The COOOH functional group must be clearly displayed.

®

nJC—-C/

O— OH
[1]

(ii) Peroxyethanoic acid can be prepared by reacting hydrogen peroxide with ethanoic acid.
This is a heterogeneous equilibrium.
S‘m

H,0,(aq) + CHSCgOH(aq) = CH,COOOH(aq) + H,0() K_ = 0.37dm3mol!

A 250cm? equilibrium mixture contains concentrations of 0.500 moldm=3 H ,0,(aq) and
0.500moldm™3 CH,COOH(aq).

°31=¥e = 1,0, | [cHC00M] —Co-slﬂs' >3

6.97 x [o-s J[6.5§= [CN3COCINI=2 cas,

0.0a2S x 20x\W07 3 = Q. Olg\zsn\d\

f amount = 0-623 ............... mol [3]
g %
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8.  Areaction is first order with respect to a reactant X.

Which rate—concentration graph for reactant X is the correct shape?

B ov
Qo
A
c O omex oie - Congentadel
. xoon
5 Lv-d W YOU_ - CQV‘QEX\W

Your answer A [1]
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9.  This question is about reaction rates.
Aqueous iron(I1I) ions, Fe?*(aq), react with aqueous iodide ions, 1~(aq), as shown below.
2Fe(aq) + 2:7(aq) — 2Fe?(aq) + 1,(aq)

A student carries out three experiments to investigate how different concentrations of Fe3*(aq)
and 17(aq) affect the initial rate of this reaction. The results are shown below.

ASs v@Lr Serond Ot
[Fe3*(aq)] [(aq)] Initial rate
/moldm3 /moldm™3 /moldm—3s-1

Experiment

-2 -2 4
1 / 4.00 =10 \ ) 3.00 x 10 \ 8.10 x 10 \[12

2 4| 8.00 x 10—2'1 3.00 % 10—2'4i W2 1.62 x 103 &) ¢ &

3 N 4.00 x 1072 6.00 x 102 3.24 x 1073

(a)* Determine the rate constant and a possible two-step mechanism for this reaction that are
consistent with these results. [6]

3 tOx\o” % }
(4 x 072\ z,m'lﬁ
me\m*3)3md\.id~“'\'qs

S\D&.udp';z*fm):z;ﬁ-_cm\,__ﬁzma*
+

Dl

A daditlcm al mmmcsrms miem mm 2 mm e st
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(b) Astudent carries out an investigation to find the activation energy, E,, and the pre-exponential
factor, A, of a reaction. e
e = - _}-ﬂ_ \nA

The student determines the rate constant, k, at different temperatures, T.
The student then plots a graph of Ink against 1/ T as shown below.

33.00

32.00

%
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(i) Draw a best-fit straight line and calculate the activation energy, in Jmol-'.
Give your answer to three significant figures.

Show your working.

29- 2 AN
=TV - —_— - ':\_Oq = —
I 2-A0\0 3 - 4x\0°3 =

o= + A0 x .3\ 7SS1- 4

1sSe0 C3s¢)

activation energy, E_ = + '-"SQO Jmol™" [3]
(ii) Use the graph to calculate the value of the pre-exponential factor, A.
INYrerGupe = \WnA
Show your working. o
\nA= 3\-4&
_ 34
A= e = 4.23x 0"
~ 422 O
pre-exponential factor, A = 3"



OCR (A) Chemistry A-Level - How Fast PhysicsAndMathsTutor.com

1
10. Agraph of Ink against T (T in K) for a reaction has a gradient with the numerical value of —4420.

What is the activation energy, in kJmol™, for this reaction?

€= + lnA

A -532 \nle =

B -36.7 /\5 R Y inRveefc
@*36.7 o‘)\mo\\‘e/ni ‘
D +532x10° ¢ \nk osbowg —=
%\lod\‘el\k = é\
- 4—420 W - 83\4— = 3@'74-_{ _3%3‘!&_("
= 36. 74183 wyvoN

Your answer C_
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11.

Three students carry out a rates investigation on the reaction between bromine and propanone in
the presence of hydrochloric acid.

CH,COCH,(aq) + Br,(aq) — CH,COCH,Br(aq) + HBr(aq)

Each student investigates the effect of changing the concentration of one of the reactants whilst
keeping the other concentrations constant.

Their results are shown below.

Results of student 1

3

[Br,(aq)] Congmunk qrogusenk « Congvasnk

/mol dm—3

D -
0 time/s

Results of student 2

initial rate ﬂ:&kﬂ%tg’f Mh

/mol dm—3s~" .
(ne  anvough fve ongin
- t.li'-‘-*
= ovaen
0
0 [CH,COCH,(aq)]/mol dm3

Results of student 3

[Br,(aq)] [CH,COCH,(aq)] [H*(aq)] Initial rate
Experiment | o oldm-3 /moldm™3 /moldm=2 | /10-5moldm=3s~!
1 0.004 1.60 0.20 1.25
a- ra \‘ ;}. L 'I‘ "} .-: -b\.
2 0.004 1.60 0.40 250 £°°C

\""r—/

cAaxogne = \37 octer
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Explain how the reaction orders can be determined from the students’ results, and determine the
rate equation and rate constant. [6]

Shaughb. . line.. Jc'«\mlah Le,0).

-15+ SHTIRK mw @) Ao CH‘:_S ‘aemﬁ?
oo [CFlx2 = el wexz

o -l Ecﬂacccﬂ_.sl[n+1 [\°
fmwwmﬂtzs m.o's __,-\ 5"‘-" wt

_—

= Neech a-a
“e ool (6o o T
T \ Loea i ST

Additional answer space if required
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12.

These short guestions are from different areas of chemistry.

(a)

(b)

(c)

(d)

(e)

Explain why a CF, molecule has polar bonds but does not have an overall dipole.

Cfq IS Sowvmercaal . So. e . dipdey .
CouNCRY A 12

Explain why a small proportion of molecules in water have a relative molecular mass of 20.

M1

What is the partial pressure of O, (in Pa) in a gas mixture containing 21% O, by volume and
with a total pressure of 1.0 x 10°Pa? ol oreNNLXe = ek

° W\“‘m
O-20 x | .C:Cﬁftoj = 2 .\ xk(:." Fc\_

207.2 02 = o\ Rookon
a
partial pressure of 0, = ......... 2\ x\O Pa[1]

What mass of carbon dioxide (in g) is formed by the complete combustion of 42.0m?
(measured at RTP) of propane? va ¢ gun’
< oA = )
42 x(o VWok o c 2 e
= 750 wan ot (g el
24

a4+ R=2TFP
Ciflg + SO, —=3CO, + 4H, O
(1750 x3)x (12 +( IGKZQQ 2= ;L% rﬁuc}

gl2]
A reaction is first order with respect to H*. At a pH of 1, the initial rate is 2.4 x 103 moldm™3s™1.

What is the initial rate at a pH of 37

2. 4x0 > _s X
—107_ T 2.4 x1O oA —s

initial rate = . ¢ FX\Q T moldm3s~" [1]
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o3
{f) What is the number of oxygen atoms in 4.26g of P,O.? MmOl ¥ REM
4 .26 o E
p— — = 0-O3wd. o} .0
( 3x2)+ (6% S)

23 72
(51(3-*:3'3) x ©.02 ¥ \O = q.O03X\0

22
number of oxygen atoms = A -O32x10 [2]
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13.

=
A graph is plotted of In(k) against 1/T. - R
(k = rate constant, T = temperature in K) k— = Ae

=

The gradient has the numerical value of =55000.

What is the activation energy, in kJmol™'?

= " X
A +15x107 d
il _S5S000 = - ?@i
(o 6.62 )
) sSe00x B:-3\4& = Ea = 45’1?_10
D +457 2

= 4577.270 o\
Your answer | (O L 2 [1]
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14.

The equation for the reaction of 1CI and H, is shown below.

A
21CU(g) + Hy(g) — 2HCI(Q) + 1,(g) 2"
/
The rate constant k for this reaction is 1.63 x 10°8dm3mol~*s™".

\ \
What is the overall order of the reaction? foxe = & U\i\[ﬁl

A 0 % o\
B 1 ol =
C . — = )
=k @ AW AN
c 2 (A s
D 3

Your answer | [1]
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15.

;

A student investigates the reaction between ethanoic acid, CH,COOH(l) and methanol, CH,OH(l),
in the presence of an acid catalyst. The equation is shown below.

CH,COOH(l) + CH,OH(l) = CH,COOCH,(l) + H,O(l)

(@) The student carries out an experiment to determine the order of reaction with respect to
CH,COOH.

The student uses a large excess of CH;OH. The temperature is kept constant throughout the
experiment.

The student takes a sample from the mixture every 20 minutes, and then determines the
concentration of the ethanoic acid in each sample.

From the experimental results, the student plots the graph below.

b ig’l 7. = - r.d o
'E 4.0
O
2 3
= N
I ]
230 :
T N -
Q N
(@] =
Om 1 ~
5(2.0 < =
\ M L
10 20 : 40 60 80 ! ’IOQ= 120 4 160 180
0
30 %o lim&min ok

(i) Explain why the student uses a large excess of methanol in this experiment.

o To...keeQ. .. [CHa QK] . COSYANG.

e 2E£0.... . OFAEN _ankW\ tem._.fg_...c_kgs.oﬁ .......... 1]
cTO ensufe  Qouliprum (s fax xc xR

rrqgh:b .
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(ii) Use the half-life of this reaction to show that the reaction is first order with respect to
CH,COOH.

Show your working on the graph and below.

Conl¥ends. . 2. (el .  on.. 0% minS.. .Se.. Qest..

N2
(iii) Determine the initial rate of reaction. ¥ =

Ly
(T k= Wz | 6 66x10 Swin™ ‘

o4&
6.66x10 3% 5x107% . 2.22% 0" S madm Smin™

(Ir) “- ) x(0'3 __3.33,([0'5“\0\&1“'3 1"‘\'1‘"
20-30

initial rate = . 3:32 X\®"S  moldm=2min" [21
(b) The student carries out a second experiment to determine the value of K_ for this reaction.
The student mixes 9.6 of CH;OH with 12.0g of CH,COOH and adds the acid catalyst.

When the mixture reaches equilibrium, 0.030 mol of CH,COOH remains.

Calculate K, for this equilibrium. LC ~ C(\ds COOC‘%} [H—,_Oj MA23

o
[CH, OH [ et COOM ) /imol X REM
2.6 -o.2ma CI’\SOH
124 3+\6+\
\2 = G 2 v\ QKSCOQH
17 v x4\ & (lex2) >\
Cw., coocn n-0
CHyOH  CH COOM | C¥5C00cTs
'i o-3 a.? o o
o\ + C.\7 * o\
c -o- T o-\1
o\
€ o\ c-03
[9 A1 /vile /] K=o 1% M
W ’

"o ANALC O3AY = 1.4



