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Concentration NyOg! moldm 3

Nitrogen forms a2 variety of oxides mcuding dinitrogen pentoxide. N O |, which emn
S ]
decompose 23 shown m the egquation.
IN,05(5) — = 4NOy® + Oy

The rate at which this decomposition ocours can be followed by measuring the chanpge
concentration of N;0s. A graph of the results of this decomposition iz shown below.
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@

Use the graph to determine the rate of reaction, in moldm  min~!, after
40 minutes. Show clearly on the graph, how vou determined vour answer. [2]

Rate after 40 minutes = ... mol dm~ min!

Explain why the rate of reaction i1s lower at t = 60 minutes than it was at
t = 40 minutes. [1]

Use the graph to show that the reaction is first order with respect to N,O..

Explain how you reached your conclusion. [2]
Write the rate equation for the reaction. [1]
Find the value of k in the rate equation and state its units. [2]
Falieafe— .. oo o
Lhits =
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() Two stdents suggested possible mechanisms for the decomposition of N,0s.
MN0s(e) — o 4NOy(E + 04

N0, 2% . NO, + NO + O,
StudentA
fast
—_—
NO + O, NO, + k 02
N0, ¥ . o + 30,
StudentB

Mo + 20, = , ano,

State, with a reason, which student’s suggested mechanizm is more likely to be correct [1]

fc) Theprogress of the reaction could have been followed by monitoring changes m pressure.
On the axes below sketch the results expected if the mitial pressure of the N,O; was
100 kP2 and the reaction reached completion. 21
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Total [11]
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Ammeonium salts are very important chemicals as they are used as a nitrogen source in fertilisers.

fa)  When cold aqueous sodium hydroxide is added to an ammonium salt, the following
equilibrium exists.

NH4'(ag) + OH™(aq) = NHs(aqg) + HyO()

|dentify the two acid-base conjugate pairs in the equilibrium. 2]

{b)  Ammonium chloride and sodium nitrite react together in aqueous solution to produce
nitrogen gas. This can be represented by the ionic equation:

NH,"(aq) + NO; (aq) — Ny(g@) + 2H,0(l)
The rate equation for the reaction is given below.

Rate = \[NH, J[NO, ]

(i) Complete the table of data for the above reaction. All experiments were carried out

at the same temperature. [3]
[NH,*(aq)]/mol dm™> [NO, (aq)]/mol dm™3 Initial rate/mol dm™ s™"
1 0.200 0.010 4.00x 107"
2 0.010 200 x 107
3 0.200 1.20 » 10°8
a4 0.100 0.020

Calculate the value of the rate constant, k, giving its units.

[2]

() State how the value of k will alter, if at all, if the concentration of NH4+ ions is

increased. M

STEMUP.CO.UK


https://stemup.co.uk

(iv) State, giving a reason, how the value of k will alter, if at all, if the temperature is increased.

(Total 10)

3. The diagram below shows some of the reactions of potassium iodide solution.

precipitate A

]
Pb**(aq)

2+
agueous solution of Cu (aq}_
potassium iodide

L

solid B and brown solution C

Bry(aq)

i

aqueous solution of
potassium bromide and iodine

(a) Identify precipitate A and give its colour. 2]

() Write an equation for the reaction of Cu?*(aq) and I(aq), clearly identifying the
precipitate. 2]

(c) Bromine reacts with aqueous potassium iodide as shown above, however bromine does
not react with aqueous sodium chloride. Use the standard electrode potentials below to

explain these observations. [3]
QWC 1]

Half-equation E% /v

b+2e = 2I" +0.54

Br,+2e” = 2Br +1.09

Cl+2e~ = 2CI +1.36
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(d) Solid potassium iodide reacts with concentrated sulfuric acid in the same way as sodium iodide.
Describe the observations made during this reaction and identify the products formed.

[3]

(e) Hydrogen peroxide reacts with acidified potassium iodide according to the equation
below.

(i) This reaction was studied using an iodine clock reaction. Describe the principles of
how the rate of a clock reaction is determined. Experimental details are not required.

[2]

(i) The rate of this reaction was studied by a different method for a range of
concentrations of H;O»(aq) and 1™ (ag) and pH values. These are listed in the table

below.
Experiment | Initial concentration of | Initial concentration of Initial rate/
number H,0,(aq)/mol dm™ I-(ag)/mol dm™ PH mol dm=3 s
1 0.0010 010 1 28x 105
2 0.0020 0.10 1 56x 107
3 0.0020 0.10 2 56 %1078
4 0.0010 0.40 1 1.2 %408

I. Some experiments were undertaken at pH 1 and some at pH 2. Give the
difference in the concentrations of H™ ions in these two solutions. 1

Il.  Use the data in the table to deduce the rate equation for this reaction, giving
your reasoning. [3]

Ill. Calculate the value of the rate constant, k, giving its units. 2]

IV.  The reaction is repeated at a higher temperature. State how the increase in
temperature affects the rate equation and rate constant. [1

Total [20]
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Potassium peroxodisulfate(VI) ( persulfate) is a white crystalline compound of formula K,5,0
It 15 a powerful oxidising agent and has uses as a food additve, in hair dyes and as a nappy

steriliser.

fa)  Unusually for potassium compounds, it is not very soluble in water.

Temperature [ °C Solubility / g per 100 g H,O
0 175
20 5.29

1 dm’ of a saturated solution of potassium persulfate at 20°C was cooled to 0°C.
Calculate the mass of solid potassium persulfate that crystallised from the solution. [2]

(6) (1)

(ii)

A hot solution of potassium persulfate slowly decomposes, giving oxygen as one
of the products.

IK,5,04(aq) + 2H,0() —» d4KHSO4aq) + Osg)
Calculate the maximum volume of oxygen gas that can be produced at 80°C when
a solution containing 0.100mol of potassium persulfate decomposes as shown

above. [3]

[At 80°C 1 mol of oxygen has a volume of 29.0dm?]

Suggest a way that the rate of decomposition of the potassium persulfate solution
deseribed i (1) could be measured. [1]
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e/ The diagram below shows a cell that uses persulfate 10ns in aqueous solution.

Cv)
Koot

Pt Pt
-\-‘1-\_\_\_\_\-\-‘- .F._'_,.r""'r'-‘-
salt bridge
a ﬂ
e S N
L(sV2T (aq)|Pt 8,0, (aq)/280,(aq)|Pt
{1) State the role of the platinum electrodes in this cell. [

{11) Use the information given in the equations to state and explain the direction of

electron flow mn the external circuit. [2]
8,04 (aq) + 2 = 250,%(aq) E€= +201V
Lss) + 27 = 2laq) ES= +0.54V
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(d) The reaction between persulfate ions and iodide ions in aqueous solution is

5,0 +

o —» 280F + 1,

In an experiment to follow the rate of this reaction, the values below were obtained.

Bt i Initial rate Initial concentration | Initial concentration
perimen / mol dm3s~! of $,0 /moldm™ |  of I/ mol dm™
1 8.64 x 107° 0.0400 0.0100
2 3.46 x 107° 0.0800 0.0200
(i) The reaction is first order with respect to iodide ions. Use both the initial rate

(i) Write the rate equation for this reaction and use it to calculate the value of the rate
constant, k, giving its units. [3]
____________________________________________________________________________________________________________________________________ A e e e L e ST
(iii) It is suggested that this reaction occurs in two steps.
Step 1 S0 + I + HO0 — 2850,5 + HOI + H'
Step 2 HOI + H" + T — H,0 + I,
State, using your answer to (ii), why Step 1 is the rate-determining step. 1]
Total [14]

values and the concentrations to show that the order with respect to persulfate

ions is also first order.
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5. Judith carried out three experiments to study the reaction between powdered magnesium and

hydrochloric acid.

She used a gas syringe to measure the volume of hydrogen evolved, at room temperature and
pressure, at set intervals. In each case, the amount of acid used was sufficient to react with all the

magnesium.

The details of each experiment are shown in Table 1 below.

Msg(s) + 2HCl(ag) —» MgCly(aq) + H,(g)

Experiment Mass of Vuluxpe u}f HCl Concentration _n3f HCl
magnesium [ g cm mol dm
0.061 40.0 0.50
B 0.101 40.0 1.00
C 0.101 200 2.00

Tablel

The results obtained in experiment C are shown in Table 2 below.

Time / s Volume of hydrogen / cm’

0 0

20 30
40 75
60 88
80 o7
100 100
120 100

Tahle 2

(a) The results for experiments A and B have already been plotted on the grid below. On the same
grid, plot the results for experiment C and draw a line of best fit.

[3]
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(b)(i) State in which experiment the reaction begins most rapidly and use the graph to explain your
choice.

[2]

(ii) By referring to Table 1 give an explanation of your answer in part (i).

[1]
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(c) State the volume of hydrogen evolved after 30 seconds in experiment B.

[1]

(d) Using only the values in Table 1, show that the acid is in excess in experiment C.

(2]

(e)(i) In experiment A, 0.061 g of magnesium produces 60 cm? of hydrogen. If 0.122 g of magnesium
were used, under the same conditions, then 120 cm?® would be produced. Explain why using 0.610 g
would not produce 600 cm? of hydrogen.

[1]

(ii)Calculate the volume of hydrogen produced using 0.610 g of magnesium.

(1 mole of gas molecules occupies 24 dm? at 25 °C)

[2]

(f) State one method of slowing down the reaction in experiment C and use collision theory to
explain your choice. Assume that the quantities of magnesium and hydrochloric acid are the same
as those in Table 1.

[3] QWC [1]

(Total 16)
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6. Oxygen can be produced in the laboratory by the decomposition of hydrogen peroxide.
2H,0,(aq) - - 2H,0() + 05(g)
Irystan camed out expenments to study the eftect ot using two metal oxides. A and B. to
catalyse the reaction. He used 0.5 g of each metal oxide and diluted 10 cm® of a hydrogen
peroxide solution with 90 cm? of water in each case. Following dilution the solutions were kept at
a constant temperature of 35 °C throughout the experiment.

He plotted his results on the graph shown below.

&0

50 ne

40 e

Volume of
oxyagen/cn? 30

20 i

0 1 2 3 4 D G f g8 9 10

Time/ minutes

(a) Outline a suitable method, including essential apparatus, for carrying out an experiment to obtain
these results. You may include a diagram if you consider it helpful.

[4]
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(b) State, giving a reason, which oxide is the more efficient catalyst.

[1]

(c) In the experiment with oxide A, calculate the volume of oxygen evolved,

(i) during the first minute,

[1]

(i) during the third minute.

[1]

(d) Explain the difference between the answers in (c)(i) and (c)(ii).

[2]

(e) Give a reason why the total volume of oxygen obtained in the two experiments is the same.

[1]

(f) If Trystan repeated the experiment using 5 cm?® of the original hydrogen peroxide solution diluted

with 95 cm? of water, state the final volume of oxygen that would be evolved
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(g) If he carried out the experiments at 45 °C instead of 35 °C, state what effect this would have on
the time required to obtain the final volume of oxygen. Use collision theory to explain your answer.

[3] QWC [1]

(Total 15)

7. Dolomite, MgCO3.CaCO3, is a mineral containing magnesium carbonate and calcium carbonate.

(a) Some students were asked to react samples of dolomite, each of mass 0.50 g, with an excess of
dilute hydrochloric acid and to follow the rate of the reaction by measuring the volume of carbon
dioxide evolved at suitable time intervals.

(i) Line A on the graph shows Natalie's results. Her teacher said that this was correct. David's line is
labelled B. Although his line represents his results, the teacher said that he must have done
something wrong during the experiment to obtain these results.

Volume /| cm?®
300

250

200

150

100

50

Time /minut=s
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Suggest and explain two things that he might have done wrongly to obtzin these results.

(ii) Explain why, in Natalie's experiment, 0.25 g of the dolomite has reacted in
1.5 minutes but the remaining 0.25 g has taken a further 3.5 minutes to react.

[2]

(i) Emma asked what the volume of carbon dioxide collected from the samples would be if the
temperature rose from 298 K to 323 K.

The teacher explained that, if the pressure remained the same, volume V (in cm3) and temperature
T (in Kelvin) were linked by the equation

V =k x T (where k is constant)

The volume of carbon dioxide evolved at 298 K is 130 cm?. By finding the value of k, or by other
means, calculate the volume of this carbon dioxide when its temperature is raised to 323 K.

(2]

Volume of carbon dioXide = ....ccuueeeeremirirenirennneeennns cm?
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(b) In another experiment 0.623 g of dolomite reacted with an excess of dilute hydrochloric acid. The
total volume of carbon dioxide evolved was 162 cm?®.

(i) Calculate the total volume of carbon dioxide that would be evolved if a sample of dolomite of
mass 1.00 g was used under the same conditions.

[1]

Volume of carbon dioxide = ......ueecereeniirennnns cm?®

(i) Use the graph below to find the mass of magnesium carbonate present in this 1.00 g sample of
dolomite.

[1]

300

280 i

Tolume of 260
carbon dioxide /cm?

240

220
0-00 0-20 0-40 0-60 0-80 100

hMzzz of mapnesmm carbonats
m 1.00g of dolomite /g

Muss of magnes ium  Carbonaie = ... E
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i)  The rate of the reaction betwsen dolomite and hvdrochloric acid mcreases by a larpe
amount if the temperature iz mcoreased.

Complete the following energy distribution curve diagtam by drawing two lines thai
show the distribution of ensrgies at two different temperatures.

Label the line at lower temperature Ty and the line at higher temperatmre T,
Use the dizeram to help vou explam why the fate mcresses as the temperatire

ncregses. El|
oW [1]
h
Fraction of
maol=cules with
energy, E
Energy, E £

(d) Briefly outline a different method of following the rate of the reaction between dolomite and
hydrochloric acid.

[2]

(Total 14)
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8. Hydromagnesite is a mixture of magnesium carbonate and soluble impurities. A student crushed
some hydromagnesite and added a sample of mass 0.889 g to excess dilute hydrochloric acid so
that the magnesium carbonate component reacted fully.

(a) Explain why the rock was crushed before being added to the acid.

[1]

(b) Write the equation for the reaction between magnesium carbonate and dilute hydrochloric acid.

[1]

(c) The gas formed was collected in a gas syringe and its volume was measured over a period of
time. The volumes and times were plotted. The volume of 1 mol of gas under these conditions is
24.0 dm3.

200
Yalume
COfcm 120
100
50
0
] ] 10 15 pall 25 30

Time/minutes

Describe what happened to the rate of the reaction over the 30 minute period.Explain why any
changes in the rate occurred

[3]
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(d) Other than by using an indicator, how would the student know that hydrochloric acid was in
excess?

[1]

(=] (iy Usethe graphtocalculate how many maoles of magnesiumcarbonate reacted with
the hydrachloric acid. [2]

NumberofmolesMgCOy = maol

(i) Find the mass of magnesium carbonate that reacted and hence the percentage of magnesium
carbonate present in hydromagnesite.

(2]

Percentage of magnesium carbonate = . ................. %

(f) A student wanted to carry out this experiment on another sample of hydromagnesite. He did not
have a gas syringe and therefore he decided to collect the carbon dioxide over water in a measuring
cylinder.
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carbon
dioxide

water

Explain what effect this would have on the results of the experiment. You should assume that the
gas syringe and the measuring cylinder can both be read to the same precision

(2]

(g) When magnesium carbonate is heated it decomposes to make magnesium oxide and carbon
dioxide.

MgCOs{s} —» MgQ(s) + COza)

Magnesium oxide has a very high melting temperature and so can be used to line furnaces.

What is the atom economy for the production of magnesium oxide from magnesium carbonate?

(2]

Afomeconomy = . ..., %

(Total 14)
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(i)  NHs*(aq) + OH(aq) =—= NHs(aq) + H:O(1)

Acid 1 Base 2 Base 1 Acid 2 [2]
(1 mark for each pair)

(i)
[NHs*(aq)]/mol dm= | [NO:x(aq)]/mol dm= | Initial rate/mol dm=s!
1 0.200 0.010 4.00 x 1077
2 0.100 0.010 2.00 x 10~
3 0.200 0.030 1.20 x 10
4 0.100 0.020 4.00 = 10-7
(1 mark for each correct answer) [3]
(ii) k= 4.00x 107 =2.0 x 107 (1)
0.200=0.010
Units=molldm’s! (1) [2]
(iii) No change [1]

(iv)  Increases

If temperature is increased rate increases (1)

and since concentrations do not change the rate constantmust increase
(or similar) (1) [2]

Total [10]
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Lead(ll) iodide or Pblz (1) Bright yellow (1) [2]
2Cu* + 4- — 2Cul + |2 (1)

The precipitate is copper(l) iodide (stated or clearly indicated by state symbols) (1)
[2]

Bromine has a more positive E® than iodine so it is a stronger oxidising agent (1)
Bromine is able to oxidise iodide (1)

Bromine has a less positive E® than chlorine so it is a weaker oxidising agent (1)
Bromine is not able to oxidise chloride (1)

MAX 3

OR Calculate EMF for each reaction (1 each) and state that positive EMF means
reaction is feasible (1) [3]

QWC Legibility of text, accuracy of spefling, punctuation and grammar, clarity of
meaning [1]

1 mark for each two products or observations
KH50:+ HI HS S0 &S k2 [MAX 2 for products]

Y ellow solid rotten egg smell steamy fumes

Black solid or brown solution or purple fumes

MAX 3 [3]
(i) Measure time taken for a sudden colour change (1)

Rate = 1 =time (1) [2]
(i} I.  pH 1 has a concentration of H* fen times higher than pH 2. [1]

II. Order with respect to Hz0z=1 (1)
Order with respectto - =1 (1)
Order with respect to H* = 0 (1) [MAX 2 for the stated orders]
Rate = k[Hz0z] [I] (1) [3]

. k=0.028 (1) moldm? s~ (1) [ecf from rate equation] [2]

IV. Rate equation is unchanged and increasing temperature increases the
value of the rate constant [1]

Total [20]
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(a) 1dm’ at20°C contains 52.9 g and at 0°C it contains 17.5 g

(1)
amount crystallised = 529-175 = 354¢g (1) [2]
(b) (1) 2 mol of ;8,04 give 1 mol of O,
2 mol of K;8,05 give 29.0 dm’ of 02 (1)
0.1 mol of K;S:05 gives 29.0/20 = 145 dm’ of oxygen (1) 2]
(1) Measure the volume of oxygen produced at specified time intervals
Measure the pH of the solution at specified time mtervals [1]
(c) (1) An (mnert) electrode that 15 used to carry the charge / current / electron flow [1]
(11) A comment on the relative values (e.g. the persulfate system is the more positive
of the two systems) (1)
The more positive ‘reagent’ / persulfate 1ons acts as the oxadising agent, accepting
electrons via the external circuit (1)
- must have the first mark to get second [2]
(d) (1) The experiments show that both the concentrations of 10dide and persulfate
have doubled {16) therefore the j.ui‘riial rate should increase four times
4 X864 X10° = 346 X107 (1) [2]
(11) Rate = k[S:087][I] (1)
ke == 8.64 % 10°
0.0400 = 0.0100
= 00216 (1) dm’ mol's? (1) [3]
(111)  In the rate equation one Sngz' ion reacts with one I 10n.
The rate-determining step therefore has to have 1 mole of each reacting,
as (only) seen in step 1 [1]
Total [14]
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(a) Plotting (2)
Best fit line (1) [3]
(b) @1 C (1)
Curve steeper (1) [2]
{m) Concentration of acid is greatest [1]
2 3
(c) 44cm (£1cm) [1]
(d) Moles Mg =0.101/24.3 = 0.00416 (1)
Moles HCI=2 x0.02=0.04 (1) [2]
(e} (1) Mg is not the imiting factor /
Mg now in excess / HCI not in excess [1]
()  Moles acid =05 x0.04=0.02 (1)
Volume Hz = 0.01 x 24 = 0.24dm’
- correct unit needed (1) [2]
(f) Lower the temperature of the acid (1)
Reactants colide with less energy (1)

Fewer molecules that have the required activation energy (1)[3]

or Use pieces of magnesium (1) less surface area (1) less chance
of successful collisions (1)

QWC Selection of a form and style of writing appropriate to purpose
and to complexity of subject matter. [1]

Total [16]
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(i)

Use weighing scales to weigh the metal oxide (1)
Use measuring cylinder to pour hydrogen peroxide solution and

water into a conical flask (1)
Immerse flask in water bath at 35°C {1)
Add oxide to flask and connect flask to gas syringe (1)
Measure volume of oxygen every minute for 10 minutes /

at regular time intervals (1)

(any 4 of above, credit possible from labelled diagram)
Oxide A because reaction is faster

18 cm?®

10 cm?

Concentration of hydrogen peroxide has decreased (1)
reaction rate decreases [ fewer successful collisions (1)

All the hydrogen peroxide has decomposed /
the same quantity of hydrogen peroxide was used

25 cm?
Reaction will take less time (1)
Reactants collide with more (kinetic) energy (1)

More molecules have the required activation energy (1)

QWC Selection of a form and style of writing
appropriate to purpose and to complexity of subject matter

[1]

Total [15]
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(a)

(b)

(c)

([} He may have lost carbon dioxide through leaks, this would have given
a lower volume than expected. (1)

He used lower concentration of acid / diluted the acid with water and
the rate of carbon dioxide evolution was slower than expected. (1)

(P4
(i) The concentration of acid is higher in the first half (1) the collision rate
is higher (1) 2]
{1ii) eg k =V 1) - k =130 / 0.436
T 248

2V = 0436=323 = 141 {cma]l (1)
o ¥V, =T (1) ~Vy = 323 x 130 = 141 (em?) (1) [2]

Wa T2 298
{n 260 {(cm?) (1]
{ii) 0.45 (g) (0.43-0.48) 1]

The diagram shows two reasonable distribution curves with T- flatter and
‘more to the right’ than T,. (1)

Activation energy correctly labelled, or mentioned in the writing {1)

Fraction of molecules having the required activation energy is much greater at
a higher temperature ({thus increasing the frequency of successful collisions)

(in words) (1) [3]
The candidate has selecfed a form and style of writing that is appropriate to purpose
and complexity of the subject matter QWC [1]
(d) Place the mixture on a balance and measure the (loss in) mass (1)

at appropriate time intervals (1)
OR BY OTHER SUITABLE METHOD
eg. sample at intervals f quench (1) fitration (1) [2]

Total [14]
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(a)

(B)

(c)

(d)

(e)

(e)

()

to increase rate of reaction /to increase surface area [1]

MgCOQ, + 2HC| — MgCl. + CO. + H.O (ignore state symbols) [1]

rate starts fastand gradually slows (1)

because concentration becomes less sofewer collisions (perunittime) !
less frequent collisions flower probability of collisions (1)

attime=17M8minrate=0 (1) [3]
allthe solid would all have disappeared /if more carbonate is added further
effervescence is seen [1]
(i} volume CO,=200cm® (1)

moles CO.=200/24000=0.008333 =moles MgCQ, (1)

[minimum 2 sf] [2]

(ii} mass MgCO.=0.008333=843=0702qg (1)

% MgCOQ, =0.702 =100=79.0% /79% [2]

0.889

carbon dioxide is soluble in water freacts with water (1)

volume collected less therefore % / moles of MgCO; less (1) [2]

useofd40.3 and84.3 (1)

atom economy =403 /843 =100 =47 8% (1) [2]

Total [14]
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