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copper
turnings

A student plans to carry out an experiment to find the relative molecular mass, M., of a soluble
acidic gas, X, by finding the mass of a measured volume of gas X. Gas X can be prepared by the
reaction between concentrated sulfuric acid and copper.

Two methods of gas collection are available to the student, as shown.

concentrated concentrated gas
sulfuric acid sulfuric acid syringe

measuring
cylinder

/ "
= copper \
= turnings gas X clmp
Efwater
/ - \
beehive water
shelf trough
method A method B

(a) (i) Explain why the first sample of gas collected from either apparatus should not be used for
the M. determination of gas X.

- [

(ii) Give two reasons, other than your answer to (a)(i), why, for this experiment, the apparatus
in method A is less suitable than the apparatus in method B for collecting a sample of
gas X.
_—

reason 1 /&?)Ofogmegwwabeb‘oueu\wbsu

(b) The student is told to use the U-tube shown to find the mass of a sample of gas X.

gas X

: MU-TM be

|

gas syringe

soda lime

A 100.0cm® sample of pure gas X is placed in a gas syringe. The gas syringe is attached
to a U-tube containing small lumps of solid soda lime, a mixture of sodium hydroxide and
calcium hydroxide. All of gas X is slowly passed into the U-tube and the mass of gas X absorbed
determined.

The temperature and the pressure of the room are recorded.

(i) State the measurements that are needed to determine the mass of gas X absorbed.

_____ Mess o U'*oLenL&;&x\m\DJmanM%J}

w\moaU—}vbe,%’so&o\‘Ma%e(/aq?@hmeJ [1]
(ii) Suggest why soda lime is used to absorb gas X.

......................................................................................................................

. [1]
(c) Gas X can cause respiratory distress.
State an appropriate precaution that should be taken when doing this experiment.
.. 1]



(d) Experiment 1 is carried out at a temperature of 21°C, a pressure of 9.8 = 10'Pa, and uses
100 cm?® of pure gas X.

(i) Calculate the number of moles of gas X present in Experiment 1.
You should assume that gas X behaves like an ideal gas and so use PV = nRT.

R=8.31JK " mol”’

9V~ﬂﬂ”
¢ 273 \€>
G‘ 2tlo )C(uox = N (X.S\)(Z\ Tl
fe g
moles of gas X = HO[XJO mol [2]
(i) The sample of gas X is found to have a mass of 0.2514.

Explain how the student should use this information and their results to determine the M,
of X.

e Bes maows/aol.

.............................................................................................................................................

(iii) Mot all of gas X is absorbed by the soda lime.

State what effect, if any, this has on the student’'s calculated value of the M, of gas X.

I’rw“ée/ess(iMJ—mmf#’>

(iv) In Experiment 2, the same mass of gas X is used, but the student did not record the

temperature and pressure.

The calculated M, of X for Experiment 2 is higher than the value calculated by the student
for Experiment 1.

State and explain how the value of — 2 changes from Experiment 1 tu Experiment 2.

(e) State how the reliability of the results in Experiment 1 could be improved.

(f) Adifierent gas, methylamine, is alkaline.

State a change that would have to be made to the apparatus so that the M, of methylamine
could be determrned

T oo d}sﬁ&o_.m wse NS0t U o,
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2

‘Lawn sand’ is spread over the grass in gardens to reduce the growth of moss. Lawn sand is a
mixture of sand and iron(1l) sulfate crystals, FeS0,.7H,0.

Lawn sand usually contains 6-10% FeSO,.7H,O by mass.

To determine the exact percentage by mass of FeSO,.7H,O present in a sample of lawn sand, a
student devises the following experiment.

step 1 Use a known mass of lawn sand to prepare 250.0 cm?® of solution A containing Fe®*(aq)
ions. Solution A must have dilute sulfuric acid, H,50,(aq), added to it before it is
made up to 250 cm®.

step 2 To determine the concentration of Fe*'(aq) in solution A, titrate a 25.00cm® sample of
solution A against 0.0200 moldm™ agueous potassium manganate(VI1I), KMnO,(aq).

The reaction which takes place during the titration is shown.
MnO,(ag) + BH'(aq) + 5Fe®{ag) — Mn*(aqg) + 4H.0(l) + 5Fe*(aq)
(a) (i) The end-point of the titration is 25.00cm?® of 0.0200 moldm~ KMnO,(aq).

Determine the concentration of Fe®(aq) that was present in the 25.00cm® sample of
solution A at the start of the titration.

n\ ﬂ {</‘41\©l{ 029 = C;x\( - 0.02 ﬂ)g%\és

S ><\o"1

2 'S’X]o’}

-4 i
Cz 2,§XL} < O.[ \‘V\D(Q'MS
25%|g>

r

(Rl

L\ "3 Fch - SXIOJTXS.

concentration of Fe**(ag) = ....2 _:__[_?‘_? ______________ moldm™ [1]

If you were unable to calculate the concentration in (i), assume for (ii) and (iii) that the
concentration of Fe*'{aq) is 0.300moldm™. This is not the comrect answer.

(iif) Determine the mass of lawn sand needed to prepare the 250.0cm?® of solution A at the
concentration calculated in (i).

Assume that lawn sand contains 8% FeS0,.7H,0 by mass.
[A: Fe, 55.8; S, 32.1; O, 16.0; H, 1.0]

Ag ﬁcz”-r_ Q-g)(’o'& YA 2S em

3

2.5 x/°‘><2§
L ]
S0
— l ~—
L. 002S Mo“j o I wé Fe SO, '7{“1),0

Mogs = mal <My /Ao o-olgﬂ[ss’% + 32 +)1<\G> e 7((4)]
< é°”’l 755
RTINS

] J

_ 2C.gHRTS

mass of lawn sand = gégj"\ g [3]

(iii) Solution A must contain enough H'(aq) ions for the reaction to take place during the
titration.

MnO, (aq) + 8H'(aq) + 5Fe*(agq) — Mn*(ag) + 4H,0(l) + 5Fe™(aq)

Use the concentration of Fe**{aq) from (i) to determine the minimum volume of 2.00 moldm™
H.S0,(aq) which must be added to prepare the 250.0cm”® of solution A.
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(b) Describe a method to prepare 250.0cm® of solution A starting with a glass beaker which
contains the known mass of lawn sand determined in (a)(ii) as shown.

- glass beaker

| __—known mass

,{: % : of lawn sand

Assume that common laboratory apparatus is available.
You may find it helpful to write your answer as a series of smaller steps.

)A\&& ARUD wker 1 Nedve Be lomn sad

2) Faker Mo fc»\»%

\ \W\J, e sdobet Srb o Vwa}ﬂ\c CLb

.)—\3 Q\‘\% H«’/ (e)o&oe/ o\’\& 7&3 ‘fs VoD "BP LD \(ouﬂ\t‘Jfﬁc mobl(
5) Tarsder m GMVQ beYoor U e wdoeiehie Lok
é) A&o& oc,m SD,\ ek ;\J,a\ e ol J ge/

LT

.z)..k_..uKmL.JQIM_"_._{,\.&...ﬁ@.\. ot skl V&Q« okl JSocn

.. [5]
(c) State the colour change in the conical flask at the end-point of the titration.

<<>lpwle.s?> to f;xﬂf\@

(d) Agueous potassium manganate(V1l) is a powerful oxidising agent.

Suggest the effect, if any, on the end-point volume if the student acidified the mixture with dilute
hydrochloric acid, HCI(aq), instead of dilute sulfuric acid, H,S0O,(aq). Explain your answer.

effect, if any, on the end-point volume . LA JL’W
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2 Ethanediolc acid is a white crystalling solid. (b) Determining the number of moles of C,0,* present
Ethanedioate ions, C,0,%(aq), react with manganate(VIl) ions, MnO,(aq), in acidified

If excess aqueous potassium hydroxide, KOH(aq), is added fo dilute ethanedioic acid, H,C,0,(aq), Srdilions. Be dhon

full neutralisation occurs and potassium ethanedioate, K,C,0,(aq), forms.

H,C,0,(aq) + 2KOH(aq) — K,C,0,(aq) + 2H,0(l) Ry RAR) F IO 2MnO,{aa) - M)+ BHOM) + 106GEME)

If a small amount of potassium hydroxide is added, partial neutralisation takes place and not all MnQ,(aq) ions are a very deep purple in colour. All other species appear colourless.
H i e Hoid 10 TOpIEGE by 5 N, The reaction takes place above a temperature of 70°C.

Instead an acid salt forms, which crystallises to form a solid with the formula K_H,(C,0,),»dH.0. Tha stident cariss 6ot A rede firation Using ihs folldwing Slaps.
The letters a, b and ¢ represent a ratio of the numbers of species present in the compound and may
not necessarily be whole numbers. The relative number of water molecules associated with one
formula of the compound is represented by d.

step1 The student rinses and fills a burette with 0.0200 moldm™ MnO, (aq).

step 2 The student uses a pipette to transfer 25.0 cm? of solution A into a conical flask.

iflusgegﬁg?_lmgmd e step 3 The student adds 20cm?, an excess, of 0.5moldm™ H,S0,(aq) to the conical flask.
a 2™ ale B

(a) The student wants to make a 250.0cm’ agueous solution of K_H,(C,0,)»dH,0, solution A. Stip4: the.conice Sisckis-hasied Gl a tempasstine ol SiEt 307G 2 reached.

The student adds 1.89g of K,H,(C,0,),+dH.0 into a 100cm” beaker. step5 The student adds MnO, (aq) from the burette until an end-point is reached.

Describe the next steps the student should take to make solution A, containing exactly 1.89¢ The student repeats the titration until concordant readings are achisved.

of K,H,(C.,0,).»dH.0.
rough titration 1 fitration 2 titration 3
Give the name and capacity of thf.l apparatus whmhashould be used and describe how the final burette reading/cm?® 25 05 24 50 26.60 24 50
student should ensure the volume is exactly 250.0cm®.
initial burette reading/cm? 0.10 0.10 0.10 0.10
Write your answer using a series of numbered steps. titre /o 25 05 24.40 26.50 24 40

\\Usofhl\\\c&wo}w[o Sw‘“ehowgsp&\’m ..... Yo, beoller. .
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The student determines the average titre to be 24 40cm?®.

(i) When emptying the pipette in step 2, the student touches the surface of the solution in the

R\"%M%&/N\&hﬁﬂ\&@/ \\fﬁwﬂb\“ xD‘h%VO‘W?}(\f—’H’bI& flagk with the tip of the pipette.

) Ve D b de B e wlioebic Dk oo 2505t Suses gy ssnt o s |

(ii) Suggest the most appropriate piece of apparatus to measure H,S0,(aq) in step 3.

(ili) Suggest why the student starts each titration with an initial burette reading of 0.10cm?
rather than the usual 0.00cm?®.

a0 o catoned) &pjg[w*ﬂe‘%ulegb%f,lx&d% [1]

will be. Vey ‘l\w& ’n:{eo\D.

(iv) What is meant by the term concordant readings?

)mkmwn\vfembmas‘mﬂwD\CMS%Q“J»O"(\M [1]



(v) State the change of colour seen in the mixture in the conical flask at the end-point.
from 60\004\6% ................................ to P;r(?lé [1]

(vi) Determine the number of moles of C,0,” ions in the 250.0cm® of solution A,
K.H,(C,0,)."dH.0.

Give your answer to three significant figures.
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moles of C,0,* ions in 250.0cm? of solution A = ....e. 0122 mol [3]

If you were unable to calculate an answer to (b)(vi), then you may use the value 1.18 x 102 mol for
your calculations in (c). This is not the correct value.

(c) The student then does an acid—base titration of solution A to determine the values of a and b
in K,H,(C,0,).»dH,0.

(i) Suggest the name of a suitable reagent to use in this titration.

(ii) The student finds the concentration of H*(aq) in solution A is 6.10 x 10~ moldm™.

Use this value and your answer to (b)(vi) to determine the ratio of c to b to two decimal
places.

+2
2
Then deduce the value of a EH@EHJEEE‘:“}E‘dHED to two decimal places.
-5
¢ )
l‘/\ol eg H+ In 2Socwm = Cx\/ - é-lo\(]o £ )—gox\o

L 0lIS2S
c.b
L <2
0ol 0~°lSZS qa\++(,lg =2
| 7> A=-©O 76— ratioc:b = 1|2€

(iii) Use your answer to (b)(vi), (c){ii) and other information given in the question to determine
the mass of 1 mol of K H,(C.0,).~dH.O and hence determine the value of d to the nearest
whole number.

[A: K, 39.1; H,1.0; C, 12.0; O, 16.0]

If you were unable to calculate an answer to (c)(ii), then you may use a = 0.30 and ratio
c:b=1:1.60. These are not the correct values.
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value of d = Z-
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(d) A second student uses another method to determine d. Crystals of the sample, with known

values of a, b and ¢, are heated in a crucible to remove the water molecules.

Construct a results table to show the readings that would need to be taken during this

exparima nt.
o Qmm
(o \6/(_7

nNAsS cwdb\c +

e Yelzo
&3;) &i
mass o} crable +
a?%&b b
hebry 4

Mass cqoet Uc &
coqdn abres

MoAsS cruc'\uﬁ *

Y s—o&b c&"e/(
(Li'\a -8.,31\/8

[2]



gmmka;, U o Meimse e cnertidion. o ot oclisng oped vy Dre wde -\x\w&wa.

Rt o pedhny wed s el cibhon e M W&% Cotomsann. 1edde (KT)

M odt Ty o ondsd b Ty (\ +o o)

“The el o Tep s b oth Son badpde (NS0)) oo concarbilion.

e ol Ty tendd) 0 bince e el A\ He oatii o a8 e concentidiot e Fen fudd ooF

(d) A student is provided with a sample of hydrated copper(1l) sulfate, CuS0O »xH.0, and is asked

to determine the value of x. P volome here is 2Scm3
The student dissolves a sample of the i and adds it to an
excess of agueous potassium iodide to make a total volume of 2500 cm? of solution
2CuSO, + 4KI —» 2Cul + I, + K.S0, 0 j ©) 1 3 1 @ -
The amount of iodine produced during this reaction is found by titrating a sample of this solution %
with sodium thiosulfate solution. 2 % ] .
¢ 4
25.0cm” of the iodine-containing solution requires 20.0cm” of 0.10moldm™ sodium thiosulfate L g . -
solution. ¢ 7 ?, -
g 7 4 :
[, + 250> —» S0 + 21 5 / é i
~
g i
() Calculate the amount, in mol, of copper{ll) sulfate present in the original sample of - é é 7
hydrated copper(Il) sulfate. g 2 2 2
= ) — 4
Show your working. (- - - ] L !
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amount of copper(ll) sulfate = ... .9. D I AR mol [2]
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Brass is an alloy of copper and zinc. Typical copper concentrations vary from 50% to 85%, depending
upon the properties needed in the alloy. There may be small amounts of other metals present.

A student found a method to determine the percentage of copper in a sample of brass.
A known mass of brass powder is reacted with excess concentrated nitric acid. Both the copper and
the zinc and any other metals present are oxidised into agqueous ions by the nitric acid. The amount

of Cu*'(aq) ions present can be determined by a titration technique.

step1 Use a weighing boat to accurately weigh by difference approximately 2g of brass powder
and place the brass into a small glass beaker.

step 2 In a fume cupboard add approximately 20cm® of concentrated nitric acid to the brass in
the beaker. Allow the brass to completely react to form solution A.

The equation for the reaction is shown.
Cu(s) + 4HNO,(ag) —» Cu(NO,),(aq) + ZNO.(g) + 2H,0(l)
step 3 Dilute all of solution A to form exactly 250.0cm? of solution B.
step4 Place 25.00cm’ of solution B into a conical flask.

step5 Use a dropping pipette to add aqueous sodium carbonate, Na,CO,(aq), to solution B in
the conical flask until there is no more acid present.

step 6 Add approximately 20cm? of agueous potassium iodide, KI{ag), to the conical flask. A
white precipitate forms as well as a brown solution of aquecous iodine, 1.(aq).

step 7 Fill a burette with 0.100 moldm™— sodium thiosulfate solution, Na,5,0.(aq). so it is ready
for the titration in step 8.

step8 Carry out a titration of the aqueous iodine produced in the conical flask against the
0.100 mol dm™ Na,S,0,(aq).

(a) Outline how the student should accurately weigh by difference in step 1 in order that the exact
mass of brass transferred into the small glass beaker is known. Include a results table, with

appropriate headings, ready for the student to fill in.
ol e e S
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(b} Suggest why it is necessary to do stap 2inafumec jbﬂard

- 1]

{c) Outline how the student should carry out step 3. Include the name and capacity of the suitable
piece of apparatus in which solution B should be prepared.

L\ ),gaa{\ ‘{D\\)"‘(} (<. QLJL\ . mos‘\' Lz, uge& (aw\'be,/ Solv \'!EN\A
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(d} Name the apparatus needed to transfer solution B into the conical flask in step 4.

Fxf?)fxfez [1]

(e) State how the student would know there was no more acid present in the mixture in step 5.

ﬂorﬂdec,c(eﬂescencgsem [1]

(f) The student is given 200cm? of 0.100 moldm™ Na,S,0.(aq).
Outline how the student should use this solution to fill the burette in step 7 so it is ready for

titration. Include any relevant procedures the student should follow to ensure the burette is
mrrectiyr filled before any readings are taken.

Lirce. Wy bode i Na, S0 o o Hon f\ Y,

Lu{e)*rc N'V'\ i Aﬁ'e( C\“\'\a ow&ﬂﬁ&’\ﬂ\‘ﬂ'\k ____________

A"M\oo\fb‘w‘ew‘/ _________________________________________________________________________________
2



(g) The titration table the student used is shown.

(i) Complete the table and calculate the mean titre to be used in calculating the percentage
of copper in brass.
Show your working.

titration number rough 1 2 3

final burette reading/cm? 20.50 40.25 19.90 39.65

initial burette reading/cm? 0.00 20.60 0.00 19.90

titre /cm? 2650 \0\£,§ 1. | |ATS

\o\,ég _)_\o‘:'?s = \cl,/{o
2

mean titre = ‘0\-70 cm® [2]

(iiy The burette used by the student has graduations of 0.10cm?®.
Determine the percentage error in the titre measured in titration number 2.

Show your working.

55e ’>/

percentage error =

- [1]

(iii) Other than a change in apparatus, suggest one change to the experiment which would
lead to a reduction in the percentage error in a measured titre.

ndemmsS% @Ss

(h} Steps 1-8 were repeated, this time using 1.88g of brass. The end-point of the titration was
found to be 16.50cm”.

The equations for the reactions occurring are shown.

equation 1 2Cu*'(ag) + 4I(ag) — 2Cul(s) + L(aq)
(step 6)

equation2  L(aqg) + 25,0,%(aq) — 2I(ag) + S,0,*(aq)
(step 8)

(i) Determine the number of moles of I, formed when excess Kl{aq) was added to 25.00cm*
of solution B in step 6.

Use the data from the repeated experiment in your calculations.

)
> Xlo
" J(B N~ 50, - N - ol < (6Sexlo’ |.CS «l
“'JA TL - lgg ‘7<]c;3 . gzg X\c;’_\

2 \ A
moles of I, = .. 322 Kle 2

(ii) Use your answer to (h)(i) to determine the mass of Cu*' ions in solution A and therefore
the percentage by mass of copper in this sample of brass.
If you were unable to obtain an answer to (h)(i), assume the number of moles of 1, to be
8.85 « 10*mol. This is not the correct value.
[A: Cu, 63.5]

A dacf* N @.LS A <) - [CSx
" J()cu’* ety o 16 AST R CBS - o.\cﬂﬂ“?s*3

2S e ¢ )'W 78 3’\77‘3 |
| .82
L= |_®L\77s . ss 73
percentage by mass of copper in the sample of brass = §§7/ [3]

(i) A small percentage of silver is sometimes found in some brass alloys.
In step 2, when concentrated nitric acid is added, silver metal is oxidised to silver ions, Ag*(aq).
At the end of step 6 the Ag*(aq) ions no longer remain in solution.
Explain why.

AB g\s?\acys f\)‘ me | X(s >,)\¥ 41 ) MB Cum %J— o v{\NC (fﬂ

[Total: 19]



lodide ions, I, and persuilfate ions, S,0.%, react according to the following equation.
2I(aq) + S0, (aq) — I(aq) + 280, (aq)

The rate of reaction between these ions can be deftermined from the time it takes for a ceriain
amount of iodine, I,(aq), to be produced.

e A mixture of solutions is prepared, containing known volumes of
o agueous ammonium persulfate, (NH,).5.0.(aq),
o aqueous sodium thiosulfate, Na,5,0,(aq),
o starch indicator.
e A known volume of aqueous potassium iodide, KI(aq), is added to this mixture and a timer is
started.
After the reactants are mixed, they react slowly to produce iodine, 1.,(aq).
Any iodine initially produced is removed by a reaction with thiosulfate ions.

I(aq) + 25,0.7(aq) — 2I(aq) + S,0.(aq)

lodine, 1.(aq), is continuously removed until all of the thiosulfate ions have been used up.
After that time any 1.{aqg) that is produced turns the starch indicator blue.

The time of the first appearance of the blue colour is recorded.

This procedure is repeated with different volumes of reactants, keeping the total volume of the
reaction mixture constant by adding the required volume of distilled water.

You are to plan a series of experiments to determine the effect of changing the concentration of
iodide ions on the rate of reaction.

You are provided with the following materials.

solid ammonium persulfate, (NH,).S.0,(s)

0.20moldm™ aqueous KI, a source of I(aq)

0.0050 moldm~ aqueous Na_S.0,, a source of 5,0,%(aq)
starch indicator

(a) (i) Calculate the mass of (NH,).S,0.(s) that would be required to prepare 250cm® of a
standard solution of concentration 1.00moldm™.

[A values: N, 14.0; H, 1.0; S, 32.1; O, 16.0]

c e\ °o7<C507< >-, A mo\
MNAsS = mol % My /A(— 0.)LS % (/)}Cp,‘},‘,@,\- ZC&Z\ i(\é\)

< 7053

mass of (NH,).5,0.(5) = ........ g7 \ ________ g [1]

(ii) Describe how, after weighing the mass calculated in (i), you would prepare this standard

..._../J«am%gfw

.......

solution for use in your experiment.

M““r 4

w Jen ko

Give the name and capacity, in cm?, of any apparatus used.
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{iiiy Explain how the use of starch solution improves the accuracy of the experiment.
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(b) A student planned five experiments to investigate the effect of iodide concentration, [17], on the
rate of reaction. The table shows the volumes used in experiment 1.

Complete the table for experiments 2 to 5.

volume of volume of volume of volume of volume of
ik 1.00moldm™ 0.20 moldm™ water 0.0050moldm™ | starch solution
- (NH,),8,0,(aq) KI(aq) Na,S,0,(aq)

fem® fom? {cm? fem? lem?
1 25.0 10.0 0.0 5.0 1.0
2 | 2o | fe 2o - %
3 Zgo é,o I’\.o 5.0 1.0
4 2§0 )/\’O é‘o 5.0 1.0
5 2S o ) o %o 5.0 1.0

[3]



(c) In a different experiment, a student mixed the following solutions and measured the time taken
for the reaction.

10.0cm? of 1.00moldm™ (NH,).S,0.(aq)
5.0cm? of 0.0050moldm™ Na,S,0,(aq)
5.0cm?® of 0.20moldm KI(aq)

1.0cm’® of starch indicator

(i) The time taken for the blue colour to appear was 134 seconds (to the nearest second).

Calculate the rate of production of moles of L, in moldm—=s-".

' ’3 N'l 5)03 - 6 * \C;S> X bSO = ZS X‘;S
v AT, poded 125 <l ®

c %Tl = N A )(lz;< - 0o $as M
Y Qo_ﬁ-rg +\)ﬁ‘6”
Jo - 20 L b )5
154
-G
rate of production of moles of I, = ......... L\L\L‘XO ............................ moldm3s™ [3]

(ii) What should the student have done to make sure that the results were reliable?
Qefa}%«z,cﬂ()%mm}m&wwae,)d\e{%u“’%

(ifi) The 5.0cm® of 0.0050 moldm™ Na,S,0,(aq) was measured using a 50 cm?® burette which
had graduations every 0.1cm?.

Calculate the maximum percentage emor in the measured volume of this solution.

)('aoo§> x\oo - 2

Y

percentage ermor = ......... 2’ ................ % [1]
(d) A second student tried to perform the same experiment but found that the reaction mixture
turned blue immediately after KI(ag) was added.

State what error the student had made.

Hﬁ}&‘\)famwﬂlgLDS

(e) The following information gives some of the hazards associated with the chemicals used in the

procedure.

Ammonium persulfate Solid is oxidising and hazardous to the environment.
Contact with combustible material may cause fire. It is
classified as health hazard, is harmful if swallowed and is
iritating to eyes. respiratory system and skin.

Solutions equal to or more concentrated than 0.2moldm™
should be labelled health hazard and hazardous to the
environment. Solutions equal to or more concentrated than
0.05moldm™ but less concentrated than 0.2moldm= should
be labelled health hazard.

Potassium iodide All solutions are low hazard.

Sodium thiosulfate All solutions are low hazard.

Describe one relevant precaution, other than eye protection and a lab coat, that should be
taken to keep the risk associated with the chemicals used to a minimum. Explain your answer.

Ammonium persulfate must be stated along with its hazard and linked to the precauton.

Ammonium persulfate is a skin irritant so wear gloves
OR ......
Ammonium persuifate is an irritant to the respiratory system; do the experiment in fume cupboard/face mask

OR (1]

Ammonium persulfate is harmful if swallowed so avoid mouth contact/wear face mask

i 14]

Ammonium persulfate is oxidising so avoid contact with flammable/ combustible materials.

OR
Ammonium persulfate is harmful fhazardous to the environment so do not dispose of down the drain/use (large quantities)
of water to dilute before disposal
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A student camied out a series of experiments to determing the enthalpy change of combustion of
ethanol, C;H.OH.

A diagram of the apparatus is shown below.

thermometer

metal can

draught shield

athanol

The ethanol in the spint bumer was burmned to heat a measured mass of water in the metal can.
The siudent recorded the initial and final mass of ethanol and the initial and final temperaiure of the
water for each experiment.

(a) Process the results in the table to calculate the amount of ethanol burmed and the energy
transferred to the water in each experiment.

N =_mass - 0. 81

Me/l, .;I-»,é +G

Record afl answers to three significant figures.
[Specific heat capacity of water, c = 4. 18 Jg K]

[A: C, 12.0: H, 1.0; O, 16.0] - S oxls?

o bt mass te ey mass amount Energy
"“"be of ethanal m”'pe e of water of ethancl | transferred to
fag bumed/g anga. heated/g burmed/mol | the water/k.

1 0.391 19.5 40.0 2 <o X']O& 3 9(C

2 0.488 23.6 40.0 s.0lol 34935

3 0.506 24 5 40.0 oo lo | 4. lo

4 0.559 26.9 400 o.022 4 Se

5 0.727 33.6 40.0 0158 5 .22

6 0.597 31.1 400 T 5o

7 0.410 20.3 40.0 Q4 <)o | 3.3

B 0.681 317 40.0 0.0lhd S 2,

Q. wetT = (1) (112) (RS) /o= 326 5

anargy/ kJ

(b) Plota graph on the grid below to show how the energy transferred to the water varies with the
amount of ethanol burned. Draw the line of best fit.

6.0

3.5

5.0

4.5

3.5 TN

3.0

2.5

2.0
0.008 0.009 0.010 0.011 0.012 0.013 0.014 0.015 0.016

amount of ethanol burned Fmol

[£]

{c) Whnte the number of the experiment which gave the result which was most anomalous.



(d) The gradient of the graph gives the magnitude of the enthalpy change of combustion of ethanoi.

{e)

Determine the gradient of your graph. State the co-crdinates of the two points you used for
your calculation. Record the value of the gradient to threa significant figures.

co-ordinates of two points used .. °°°‘5 5S§ ................. @OS,SSS)
ne _§5.35-3S5 295789
oolS - 60093
gradient = 5\('; k.J mol’

[£]

Under the same conditions of temperature and pressure as these experiments, the accepted
value for the enthalpy change of combustion of ethanol is ~1370kJ mal-'.

Explain why this value is a negative number.

() Calculate the maximum percentage emor in the measurement of each mass used in

gxperment 1.
MEXITUM 8rror in .

mass measured a single reading maximum percentage emor /%

0.391g of 0.0008 l(OroO°S> o = 0 28E
ethanol burned R Y

0.05  sloo = 01257
40.0g of water 0.05g
Mo

[1]

(il) Another student repeated the experiments using the method descnbed under the same

conditions. The value obtained for the enthalpy change of combusition of ethanol was
=612KkJmoi.

Suggest a reason why the ermors caiculated in (i) do not fully account for the difference
between the student’s value and the accepted value for enthalpy change of combustion,
=1370kJmot-".

The. a}ﬁe ettots ot ko sl o aceeon b Mo by Weace
The. Le»} en e mote. 5‘3,\&0& R .

[Total: 10]



1 The enthalpy change of reaction, AH, for the decomposition of sodium hydrogencarbonate., (b) Outline how the student carried out step 3 of the experiment.
NaHCO,(s), cannot be measured directly. You may find it helpful to write your answer as a series of smaller steps.

2NaHCO.(s) — Na,CO4s) + H,0(l) + CO.(g) ”‘caf(?m}os'&&z}opwswwWl«S}u(&em}mobwavk
’b«\ m)‘v(e-eﬂ@( ﬂ\\l\s}feHe,:\emsgb¥%k.ﬁ\¢45~\ﬂ0¥%+°

A student must carry out two separate experiments and use the results of these experiments to fe‘ 1S

determine the enthalpy change of reaction for the decompaosition of sodium hydrogencarbonate. (73{,0\ 5{, !ALJJ M e(c«.)ﬂ)(g N& «H\MLO\Q QA‘HLI\\ m}(%

(a) Suggest why the enthalpy change of reaction, AH, for the decomposition of I HL SO(QII‘QA a)f )»\ m“\wlf%
soditin ikcbonatierie woi be incpeiwetl Mmely: 200000 - eiecCheamial eV NNt DR .1 15 ) 2 <N SRS o

IJI‘S\m(bfé'L’lelome,am{e)ff\&n%(Jaqx'oh;f/\mje,g’mjQ i.f.::.gb_'. ............

I’ RO T i i e e
V\Z Draw a labelled diagram of the apparatus.
In both experiments the student used a weighing boat. A weighing boat is a small vessel used to N
coniain solid samples when they are weighed.
_)Hzlmode}@(
Experiment 1 Reaction between sodium carbonate, Na,CO.(s), and dilute hydrochloric acid,
HCl{aq)
FMQ}CO3 0&9(»9 o} ‘L( ,n'.nul'e))

step1 The student added approximately 3g of Na.CO,(s) to a weighing boat and accurately

measured the combined mass of the weighing boat and Na,CO,(s). This mass was 7

recorded in Table 1.1. < — élzsfo ‘ﬁw«l cop
step 2 The student used a measuring cylinder to measure 50 cm?® of 2moldm™ HCi(aq). \G) Z
step 3 The experiment was carried out and the results were recorded in Table 1.2. b/)< , HC,Q

step 4 The student reweighed the empty weighing boat and recorded the mass in Table 1.1. (3]

Table 1.1 mass results from Experiment 1

mass of weighing boat and Na,CO.(s)/g 4.15

mass of empty weighing boat after addition of Na,CO4(s) to HCl(aq)/g | 0.97
mass of Na,CO,(s) added/g

Table 1.2 temperature results from Experiment 1

fime/minutes 0 1 2 3 5 5] 7 8 9 10

temperature of mixture/*C | 20.0 [ 19.8 | 19.8 | 198 246 | 247 | 245|243 | 241 | 239




The student plotted a graph of the results and drew two lines of best fit which were both extrapolated
as shown.

27

26

24

temperature
of mixture /°C

23

22

21

P
L

20 —He L0

19
0 1 2 3 4 5 6 7 8 8 10

time/minutes

(c) Use the graph to determine the theoretical temperature increase at 4 minutes.
26 — 1A% = S —
theoretical temperature increase = ....... &3 .............. “C [1]

(d) Use Table 1.1 on page 2 to determine the mass of Na,CO.(s) which was added to the HCi(aq).
Use this value and your answer to (c) to determine the enthalpy change, AH,, for the reaction
shown.

Na,CO.(s) + 2HCl(agq) — 2NaCli(aq) + H,O(l) + CO,(g)
Give your answer to three significant figures.

[Assume that the specific heat capacity of the solution is 4.18Jg'K™"]
[A: Na, 23.0; C, 12.0; 0, 16.0]

. 7o 3.3
!é '\l“}@;: ﬁlg - 0(7 D

n j N-LCOS - %]% - 0.0g Y'f\°\

7—()94—\2*3@63
Q. mgl\T:_ govk L1« $.3 . H077j

@; \(07-7 X’O'S %éo\ f/\/\—mo[-\
0.0B

AH, = ..7..... 362 .. kJmol [3]

(e) (i) Explain why the student did not add the Na,CO,(s) to the HCI(aqg) at 0 minutes.

so’fwﬂawgfem}%vmu\mfzb}fwea@h«kv&

Ao o(o{efss’r@g% ............................................................................. (1]

(ii) Suggest why the temperature measured at 5 minutes was lower than the temperature
measured at 6 minutes.



Experiment 2 Reaction between sodium hydrogencarbonate, NaHCO.(s), and dilute
hydrochloric acid, HCl{aqg)

step1 The student weighed an empty weighing boat and recorded the mass in Table 1.3.

step2 The student added exactly 4.20g of NaHCO,(s) to the weighing boat and recorded the
mass in Table 1.3.

step3 The student carried out the same experimental procedure as in steps 2 and 3 of
Experiment 1.

Table 1.3 mass results from Experiment 2

mass of empty weighing boat/g 0.95

mass of weighing boat and NaHCO4(s)/g 5.15
mass of NaHCO,(s) added/g

(f) Explain why the method of determining the mass of solid added in Experiment 2 is less accurate
than the method of determining the mass of solid added in Experiment 1.

m&x%{eﬂ@m&hﬂaﬁk&%wc&lm«ss}msfa{eg

(g) (i) In Experiment2 a 50cm® measuring cylinder was used to measure the 50 cm?® of HCl(aq).
The 50 cm® measuring cylinder had 1cm?® graduations.

Calculate the maximum percentage error in measuring 50cm® of HC1{aq) with this 50 cm?
measuring cylinder.

S
-—o——— Xloo = l
So
maximum percentage ermor = __..............L........... % [1]

(ii) Explain why measuring the concentration of the 2moldm~= HCI more precisely would not
affect the result of the experiment.

(iii) Suggest what the student should change to reduce the percentage eror associated with
the temperature readings without changing the apparatus.

v%emareNAICOisofrka}ahawaTwco«M
w«\&mwc@»}jeuf\c&/jfm%ﬁa(ew [1]

sl vse 5«\4901 domt —5 Qe mc AT ST = = lew» 7/ edior

Me—

(h) The student used the results from Experiment 2 and correctly determined the enthalpy change
for the reaction between NaHCO,(s) and HCi(aqg), AH,, to be +24 2kJmol-'.

NaHCO.(s) + HCl(ag) — NaCi(aq) + H,0() + CO,g) AH, = +24.2kJmol-'

Use the axes to draw a sketch graph of the expected results of Experiment 2.

A

temperature
of mixture/“C

time/minutes

[2]



(i) Use AH, from (d) and AH, from (h) to determine the enthalpy change of reaction, AH,, for the
decomposition of NaHCO,(s).

2NaHCO.(s) — Na,CO.(s) + H,0() + CO.(g)

An energy cycle has been drawn for you.
2NaHCO,(s) —- Na,CO,(s) + H,O(l) + CO,(g)
)@11-2)
+ 2HCI(aq) + 2HCI(aq) -36
2NaCl(aq) + 2H,0(l) + 2CO,(g)

If you were unable to calculate AH, in (d), assume AH, = -26.7 kJmol'. This is not the correct
value of AH,.

A = 2612 - (3a)- 853

AH =i TR kJmol' [2]



The pain of muscle strains and swellings can be eased by using heat packs. As a source of heat,
some heat packs use the energy released when anhydrous calcium chloride dissolves in water.

water
CaCl,(s) —— Ca®'(aq) + 2Cl(aq)

A heat pack consists of a bag of water, inside which a smaller bag contains anhydrous calcium
chloride. When pressure is applied to the heat pack, the smaller bag bursts releasing the anhydrous
calcium chloride into the water. The heat pack is shaken to speed up dissolving. Energy is released
which warms the heat pack.

A student carried out an experiment to determine the enthalpy change when anhydrous calcium
chloride dissolves in distilled water. The results the student obtained are plotted on the graph on
page 4.

(a) By considering the graph of results, draw a labelled diagram of the experimental set-up that the

student could have used to produce the graph shown.
Label the apparatus and chemicals required to measure the two variables.

/ﬂCﬂl %‘) A

S}U“Q’M “f < ﬁ-% befer

® —> &Is\% “eb w&@/

[2]

4T

L1

32

temperature

f*C

30

28

24

20

0.0

1.0 20 30 40 50 60 70 80 9.0 100

time/ minutes



(b)

(c)

(d)

(e)

(f)

Explain why the student tock readings between 0.0 minutes and 2.5 minutes.

.............................................................................................................................................. M
Explain why the student did not take a reading at 3.0 minutes.

...... C“b “W\cwwgcmmo&ge&m&gmmfﬂ
.............................................................................................................................................. M
Explain why the temperature continued to increase between 3.5 minutes and 4.5 minutes.

L Yeach@ll v f\cpx'COﬂ\flf}e— ...................................................................
.............................................................................................................................................. 1

Draw two straight lines of best fit on the grid. Extrapolate these lines to estimate the theoretical
temperature rise at 3.0 minutes. Give your answer fo one decimal place.

3.5 -8 \
theoretical temperature rise at 3.0 minutes = 7 .............. *C [2]

One of the results is anomalous. This occurred because the student took the thermometer out
of the solution and then replaced it just before the reading was taken.

3.5

The time at which the anomalous reading was taken was ... ... minutes.

_____ TAL___m_o__m&g____m___{m____13__m&_._____fa&_érmgq&m_%_______
..... )ﬁ% €>c\vl”9fh [1]

(g) Explain why stirring the mixture would make this experiment more reliable.

{h) Anhydrous calcium chloride is classified as a moderate health hazard. It is an irritant.

Apart from wearing eye protection, state one other relevant safety precaution the student
should have taken.

(i) The student found the value for the enthalpy change of solution of anhydrous calcium chioride
to be —82 5kJmol™.
A manufacturer produces a heat pack that contains 75.0g of water.

Calculate the mass of anhydrous calcium chioride the manufacturer must use in the inner bag
to produce a rise in temperature of 30.0°C.

The specific heat capacity of water, c= 4.18Jg"K"".

[A: Ca, 40.1; Cl 35.5]

(Do webT
Q: 7§s(c’1’g7< 3: = ﬂL[oSJ

— -3
a\o]% ose& = Ao *,0 =
Y ORS

Mo = f\o( XM//A\I - o.”L' xé’lo.l+7l> = ]2—73

o 1M ol

[Total: 12]



Naphthalene, C, H,. is an aromatic organic compound that is a solid at room temperature and
pressure.

The enthalpy change of fusion, AH, ., of naphthalene is the enthalpy change that occurs when
naphthalene melts. It cannot be directly measured.

Ctﬂ‘H B{S} # C ‘lIZIH-ﬂ{”

The melting point of naphthalene depends on its purity. When other compounds dissolve in liquid
naphthalene its melting point is lowered.

Diphenylamine, (C_H.),NH, dissolves in liquid naphthalene. By varying the amount of diphenylamine
and measuring the melting points of the different mixtures, the enthalpy change of fusion of

naphthalene can be calculated.

(a) The equation that links the melting point of a naphthalene-diphenylamine mixture with its
enthalpy change of fusion, AH, . is shown.

AH,
kﬂg"f:A-& loa% :—& ‘_-!-A
2.30 x RT, 23R )T
. v v oy J
¥ = mole fraction of naphthalene a z m
R = molar gas constant, 8.31 JK"mol™’

T, = melting point of naphthalene in K
A is a constant

(i) A series of experiments is performed using the same amount, 0.100mol, of naphthalene
each time.

Calculate the mass of naphthalene, C,,H,. that should be used for each of these
experiments.

[A: C.12.0: H,1.0]
Mass = ﬂ\bl va /A( = 0.‘00 X(\zéks +8>
RS

mass of naphthalene = ...\ <. t e | g [1]

(if) The melting point and freezing point of a substance are the same. The melting point, T_,
of a substance can be found by recording the temperature at which the substance freezes,
measured when crystals first start to appear on cooling.

The results of a series of experiments using 0.100 mol of naphthalene and different masses

of diphenylamine are shown.

Process the results to complete the table.

Record all your data to three significant figures.

The mole fraction of naphthalene, Y, is calculated as shown.

nhl
ny, * N

3
3

n,, = amount in moles of naphthalene, C,;H;, = 0.100

n, = amount in moles of diphenylamine, (C,H.),NH

tcaEEN: THDL -l I:EEE'?% : ”iiq log ¥
IK

0.00 1.00 353 2.83 0.00
0.00888 | . ag 349 2.8T |—e.o3T2
0.0178 0. 419 345 2 o coo (M
0.0266 5. 7% 341 225> .. \el
0.0355 o 723 338 296 |..132
0.0444 o.£93 334 2.2 |-0.1S%
0.0533 0.6S2 331 200 |-o. 120
0.0621 A 329 3o | o210
00763 | ES 325 3% | 0.243

[3]



(b) Plot a graph on the grid to show the relationship between Tlm and log Y.

Use a cross (x) to plot each data point. Draw the straight line of best fit.

230 285 29- 2% 3.00 2S5 lo
0.000 I I
I h 1ol Ih\
Z)o\*(:s '
:-o.oSo—o
Zo
s xls?
-0.050
~0.100
log ¥
-0.150
-0.200
tans 205)
-0.250 '
2.80 2.85 2.80 2.95 3.00 3.05 3.10
1 _
T—mHUrEK :

(c) (i) Use the graph to determine the gradient of the line of best fit. State the co-ordinates of
both points you used in your calculation.

co-ordinates 1 é%H;-°°\> co-ordinates 2 éo\g;"OlS)g .....

02325 +o.o) 127
(3.1S - 281)05*

gradient = —(27 L= A K

(ii) Use your answer to (c)(i) to determine the value of the enthalpy change of fusion of
naphthalene, AH, ... in kJmol™.

1270 . _ AW NN R R
2507& 2%\

oo

AH, = Zﬁ'ﬁ kJmol” [1]

fuslop | ceeeeesssssasisasTiaaas SEmLEE

(d) (i) Do you consider the results obtained to be reliable? Explain your answer.

Ubwaﬂﬁf\hﬂﬁ“@(go‘»@&d\)ﬂ\t\%

......................................... L L T T T P g Py B e S S T P e P Py W S TR BT R P P S Ty B P S e e e B



(ii) Different literature values for the enthalpy change of fusion of naphthalene suggest that
10.00g of naphthalene require between 1.45kJ and 1.47 kJ to melt.

Use this information to calculate the range of AH,
in literature.

values of naphthalene, C, H,, given

LS 0N

Use your values to comment on the accuracy of the experimental procedure.
[A: C,12.0; H, 1.0]

If you were not able to calculate AH, .., in (c)(ii), you may use 18.4 kJmol™, but this may
not be the correct answer.

.
M 08 e

vhS 18s6 M7 - g6

ange ... ]2@—(88 .................................................................... kJ mol~*

comment . &*P’«W\d\&'\} ’\9\10‘( QCﬁQ{Q\'& N ]LLQ— Lalne.
AQ/ \L WJ &‘R’e(e/&"‘b

12

(e) The enthalpy change calculated in this reaction is actually AH,, shown in the Hess' cycle.

"!"Hhmnn
C1oHa(s) = CyoHs(l)

"E‘Hmlnng
AH,

C,,Hg(l) mixed with
diphenylamine

Itis assumed that the enthalpy change when C,,H,(l) and diphenylamine are mixed, AH . IS
zero, and therefore AH, = AH, ..
State how the value of AH, compares to the value of AH, ..., if the mixing of naphthalene and
diphenylamine is endothermic.

Explain your answer.

@ Mu Nw]g) Fbs LYQ' DR bHu‘YX\ \

(f) A student incorrectly uses a value for the M, of diphenylamine that is too low. This produces
incorrect values for the mole fraction, Y.

(i)

(ii)

Predict the effect this will have on the calculated values of Y.

Explain your answer.

nr-.| 4\A - N\a&S
n, +n, 0 My ]A\/ $

n,, = amount in moles of naphthalene
n, = amount in moles of diphenylamine

N modld bo lM3e(( A Y ndd) L w&l)e/

- [

The student uses the incorrectly calculated value of Y from (f)(i) in the determination of
‘ﬁHhmﬂﬂ

=
—

AHyeon
230 x RT,

log Y=A-

Predict how the student's calculated value of AH, .., is different from the actual value.
Explain your answer.

A,)"\pdsvd(\ W\H )Qz Mot B;s.l‘\\!e, 2N _,,_,Q.,\Q

iy VA )
l’ﬁ €. %@A e... %v(]'*'\a AT 3 «& &3\‘



1 Zinc metal reacts with agueous copper(Il) sulfate. (c) Plot a graph of temperature (y-axis) against time (x-axis). Use a cross (x) to plot each data
point. Draw a line of best fit during cooling.
Zn(s) + CuSO,(aq) — Cu(s) + ZnS0,(aq)
The enthalpy change of this reaction, AH, can be determined by adding excess zinc powder to-a Extfapnlate thelcnn!ing curve back to four minutes and determine the temperature change
measured volume of 0.500 moldm™= aqueocus copper(1l) sulfate. during the reaction.

The temperature of 25.0cm® of 0.500 moldm~ aqueous copper(ll) sulfate is recorded for three 50
minutes. At four minutes 3g, an excess, of zinc powder is added and the mixture is continuously
stirred. The temperature is recorded at times shown in the table.

time /min 0 1 2 3 4 5 5% 6 63 7 8 9 10 45
temperature 1S
I“Cpa 18 (195|195 | 195 325| 38 | 36 | 34 | 33 |325|315| 31 | 31

(a) Use the results table to deduce the graduations on the thermometer that is used to record 40

these temperature readings.

35
(b) Draw a labelled diagram of the apparatus set up at one minute. ‘X

temperature a3
M i

“?“\Mmmefp ex A

ANG)
f 25

/—\

s VJ'DWM
LU(Q() < > Co&l@.‘\ 20 EEEE R R

S b fed

15
10
0 2 4 6 8 10
time / min
3.5 — (= 21
temperature change = ... ‘ll/\ _______ e °C [2]

[2]



(d} Use the formula AH = —-mcAT to determine the enthalpy change of reaction, AH, in kJ mol™.

Assume:
e mass of 1.00cm" of solution = 1.00g
e c=418Jg'K". ,\(
AH e AT N: c¢x _y
- - LS x\o
i 125 21 Y
_ Zﬁgl—ll DS B o-oklg
- =156
-3
.__> Lgég’ﬁ (=} floa
VA

A= ...m2oo  kimol [2]

(e) Heat loss is a major source of error in the results of this experiment.

Suggest how the following changes would affect the amount of heat loss, if at all.

Explain your answer in each case.

(i)

(i)

(i)

The mass of zinc is doubled.

effect on heat 108s ... 00 CANMAC . e

explanation ... 3;:&. (& QQ\I@:&J ............. A D, S,
.. H]

The concentration of 25.0cm? of agueous copper(ll) sulfate is doubled. The amount of
zinc used is still an excess.

effect on heat loss !f\Cf(éob?)) .......................................................................................
explanation . )00[?\6. ......... CU‘BQ Lghe.. oY e a,OIC So . Mee....
@'\g’/(j\a&/ezoﬁnbe@ ................................................... e [1]

The volume of 0.500 moldm™ aqueous copper(ll) sulfate is doubled. The amount of zinc
used is still an excess.

effect on haat loss ....10....¢C 9!_\9&&(«‘016 __________ 1 T OO
explanation ... !\94“\{%138 l/\w/e, CLJL’LQ «LU\’ lNN /ﬂ‘Q«
\/Juw ‘fws b de heotel )'ﬁvj ¢o«\<@Qco\cQ\ HW ok (1]

[Total: 10]



1

A student is asked to find the enthalpy change for the reaction between anhydrous
magnesium sulfate and water.

This enthalpy change cannot be measured directly.

(a)

(b)

MgSO,(s) + TH,Ol) — MgSO,~7H,O(s)
75&\&5 maDe = exotre/mi&

Predict whether the enthalpy change for this reaction is positive or negative. Explain the reason
for your prediction.

prediction .....EXSIN I
explanation ...... 7 Ab]\&h Wede... N TR

The student decided to do two separate experiments.

Experiment 1

To find the enthalpy change of solution of anhydrous magnesium sulfate, MgSQO,(s),
0.0250 moles of MgSO,(s) are dissolved in 50.0 cm® distilled water.

‘Experiment 2

To find the enthalpy change of solution of hydrated magnesium sulfate, MgS0,7H.O(s),
0.0250 moles of MgS0,=7H,O(s) are dissolved in 50.0 em® distilled water.

The results for Experiment 1 are shown in the graph of temperature against time on page 3.

(i) Draw and extrapolate the cooling curve back to 180 seconds. Determine the temperature
change during the reaction.

275S - S -

temperature change = ... e seroeaneral °C [1]
(ii) The anhydrous magnesium sulfate was not added when the timing started.

Explain why.

....................................................................................................................................... (1]

temperature/"C

28.0

27.5S8

27.0

26.0

25.0

24.0

23.0

21.0

20.0

X
RS

19.0

a_-f,;r"

120

180

240

time/s

300

360

420

480



(iii)

(c) (i)

(i)

3.01g (0.0250 mol) of anhydrous magnesium sulfate is weighed.
Qutline the next steps that should be taken in order to obtain the results in Experiment 1.

Write your answer using a series of numbered steps.

> MW(& So cvl\ oé &‘3}““49 wo&d Vs":j o Meodul’ (j NDZ{ Q\({\Q
(M\J’P/f \[’ /&'D o B Uotoil. C.q '8

> P’“e» }LL s‘awﬁw"\ “e.g’ A LQJZ\&( o«fA ?\uce 7. ’H-Wmome}u W
Mo wker.

>MMC %"’w(k{&wﬁ% 4[{ ..\’a\{ } 30% ”'J/GN,,\QA o«\l—»l La{e&&ble,

19€<oszA Ccl\b’\?\"\j/

The student realised that when dissolving 0.0250 moles MgS0,+7H.0O(s), the amount of
water present in the compound alters the total volume of water used in Experiment 2.

os' g m‘{\ux’ aﬂ\g lS\w( ﬂ\XL(& Y.

Calculate the volume of distilled water needed to make the total volume of water 50.00 cm?®
in Experiment 2.

Give your answer to the nearest 0.05cm’.

Assume that 1.00cm?® of distilled water has a mass of 1.00g.

[A: O, 16.0; H, 1.0]
0625 x [ -

TS ’QN}@/ e

3154 5 315 con
N> - me\ XM{/A« > 0\7 x\% = . a
Se-3.15 - h68S
volume of distilled water = Hé%g .......... cm?® [1]

State which piece of apparatus should be used to measure the volume of distilled water in

(c)i).

Explain your answer.

apparatus l:)u(eH’e

‘ 3
explanation ..'T.... N\dﬂb\){m% ..... o N

(d) The temperature change when 0.0250 moles of MgS0,*7H,O(s) is added to the waler is very
small.

Suggest how the student should modify the experimental procedure to make the temperature
change larger.

LB o lo'( amw\\'

e A kMO
ose o ijuw Volo &Aiae(‘) "

(e) (i} The energy released by 0. HESD moles of MgSD,{s} in Experiment 1, is 2125J. The
energy absorbed by 0.0250 moles of MgS0,+7H,O(s), in Experiment 2, is 477.5J.

Calculate the enthalpy change, AH, for the reaction.

Include a sign in your answer. Give your answer to one decimal place.

MgSO,(s) + 7H,0(l) —> MgSO,7H,0(s)

-2\23’\"’0 /M Lo HTTS

M (’] 30)1 ’M ):O (q,b

ASH - - 2125 ><|<>—g AL WAAN X(o’g - —{oLI-(
O.QZSO oalgO

enthalpy change, AH = —\OL"\ o kdmol™ [2]
(ii) The student noticed that some Mg3S0,(s) in Experiment 1 was left undissolved.

State and explain the effect this would have on the value of the enthalpy change for the
reaction in Experiment 1.

effect .. ]sr woo& ke, low !\}A\"@/eﬂo%mc

explanation .. fw@( N\Jd> NG

[Total: 14]



Potassium hydrogencarbonate, KHCO, decomposes when strongly heated to form
potassium carbonate, K,CO.,.

2KHCO,(s}) — K.CQO,(s) + CO.(g) + H,O(!)
A student plans to determine the value for the enthalpy change for this reaction, AH, which cannot

be determined directly. The student carries out two separate experiments using the following
apparatus.

thermometer
'.'#__'_,,..--'

polystyrene cup\\ /

2.0moldm—
hydrochloric acid

solid

Experiment 1 uses solid KHCO,.
Experiment 2 uses solid K,CO..
The following method is used for both experiments:

Transfer 50.00cm?, an excess, of 2moldm~ hydrochloric acid into a cup.

After 2 minutes, record the temperature of the acid.

Weigh approximately 0.0250 moles of solid.

Add the solid to the acid, stir the mixture using a thermometer and record the temperature
throughout the reaction.

Hazard information: 2 moldm— hydrochloric acid is irritant, solid potassium hydrogencarbonate and
solid potassium carbonate may cause irritation to the skin and eyes.

The equations for the two reactions are:

reaction 1 KHCO,(s) + HCI(ag) —» KCl(ag) + CO,(g) + H,O(l)

reaction 2 K.,CO,(s) + 2HCI(aq) — 2KCl(aqg) + CO,(g) + H,O(l)

(a) Suggest why it is not possible to measure AH_ for the decomposition reaction directly.
T%smeﬁs&k«\moewwvecl\waeooowa

(b) (i) Calculate the mass of 0.0250 moles of each solid. Give your answers to three decimal
places.

[A: K, 39.1; H,1.0; C,12.0; O, 16.0]
MoasS = mJ < Mv /Aw/
MKHCDs = O‘QQSO wr @o‘( +

"MK Co, = éc’)’&’) 74(2[3%\)_; Y +SU§ - S'Hs;nsass of KHCO, = 280%

112+ 300) . 25028

g
mass of K,CO, = SHS%— ........ g
(1]
eje {oni<
(ii) The masses of solid are measured using a three decimal place balance. 6.0© \
Calculate the percentage error in the measurement of the mass of KHCO..
Show your working.
_a'—%‘_ XIbO T 0.0 3
2.S03
percentage error = OOLIO ............. [1]
{c) The student obtained the following results.
solid initial maximum/minimum temperature
temperature/°C temperature/“C change, AT/°C
KHCO, 17.5 14.0 2 g
K,CO, 19.0 205 .S

(i) Complete the table by calculating temperature change.

Use the formula g = mcAT to determine the energy change, g, that took place during
experiment 1. Use g to calculate the enthalpy change of reaction 1, AH,, in kimol".

Include a sign in your answer.

Assume 1.00cm’ of solution has a mass of 1.00g.
c=4.18Jg 'K

ALL : So HILx 35 X]DFS _ 29.26
O.DZSD

A= 2026 kimol (2]

..............................



(ii) Use the formula g = mcAT to determine the energy change, g, that took place during

experiment 2. Use g to calculate the enthalpy change of reaction 2, AH,, in kJmol-. (g) MName a suitable piece of apparatus which should be used to measure the volume of acid used
in experiment 1.

Include a sign in your answer. b e}

| e N —_— (1]
Assume 1.00cm® of solution has a mass of 1.00g.
c=4.18)g 'K

AN . ; .
AR ] ~ (h) Apart from wearing safety glasses and a lab coat, state one safety precaution which must be
A”z - Se % LI °© - 125 H taken during experiment 1. Explain your answer.

- [1]

(d} Use the following cycle to calculate AH. [Total: 14]

AH
2KHCO,(s) L = K,CO,s) + CO,(g) + H,0()

2(£"~"€> + 2HCI /+ 2HCL ) S 4y

2KCl(aq) + 2CO,(g) + 2H,0()

2(251,245 — (”\)’g H> - +7\-0C>

AH, = %—7]-0(’ kJmol-' [2]

(e) A textbook states the wvalue of the enthalpy change for the decomposition of
potassium hydrogencarbonate as +76.0 kd mol'.

Suggest two reasons why the experimental value is different to the actual value.

3. Mot shunt) condikems

(f) Suggest one improvement to the apparatus which would reduce the difference between the
experimental value and the actual value.
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Propanone, CH,COCH,, is an organic liquid which is soluble in water.

Agueous propanone reacts with agueous iodine. The reaction is catalysed by H'(aq) ions.
CH.COCH.{aq) + L(aq) -» CH,COCH.,I(aq) + HI{aq)

The order of reaction with respect to iodine can be determined experimentally.

An experiment is carried out using the following solutions.

« solution A, 25.0cm? of 1.00moldm— CH,COCH,(aq)
+« solution B, 25.0cm?® of 1.00moldm™ H.S0,(aq)
« solution C, 50.0cm” of 0.200moldm™ 1. (aq)

The solutions are mixed to start the reaction. At certain time intervals, a 10.0cm® portion
of the mixture is withdrawn and transferred to a conical flask containing excess sodium
hydrogencarbonate, NaHCO,(aq). This prevents any further significant reaction taking place by
removing the H'(aq) ions. The concentration of unreacted I,(aq) in each 10.0cm® portion of the
mixture can then be determined by titration with agueous thiosulfate ions, 5,0, (aq).

(a) State the size and type of apparatus needed to prepare a suitable volume of a standard solution
of 1.00moldm~= CH,COCH,(aq) from liquid propanone.

Calculate the mass of propanone needed to prepare this standard solution.
[A: C,12.0; H,1.0; O, 16.0]

apparatus \{0\0«\6} (1C ‘C (oJ.sl(

-3
L - cx\/ = l pa 2So><[o
N 0. 25 mo\

-

Mows = el ’“M‘I/Af _ D')g*(:’)(‘n))r 6 + \QB
- {L‘-SS

mass of propanone HS g
[3]

(b) Solutions A, B and C need to be added in a specific order and the clock started as the third
solution is added.

(i) Suggest the best order of adding the solutions.

[1]

{c) Each 10.0cm® portion of mixture removed from the main reaction is added to a separate
solution of sodium hydrogencarbonate, NaHCO,(aq), in a conical flask to remove H*(aq) ions.

(iy Which piece of apparatus should be used to transfer each 10.0cm? portion of mixture to
the conical flask?

(i) Suggest two reasons why NaHCO,(aq) is preferred to NaOH(aq) as the reagent used to
remove H*(aq) ions.

reason 1 ... N “\’\C—OS ..... - \\ ...... beg&‘/gd‘@c@‘\'&—)w@w@‘m@ ......

...@\F_.&.... MW\\\[AﬂwJKH*aﬁBMe/%V@p
reason 2 NQO"N\WO( o7 BeTeE FE AT = ngpo(}m@@ﬁoa\*’e‘



(d) The unreacted iodine in each 10.0cm?® portion of the mixture is titrated against 0.100 moldm™
aqueous thiosulfate ions, 5,0.*(aq), to determine the concentration of I(aq) in the mixture at
the time that the 10.0cm?® portion was withdrawn.

I(ag) + 25,0, (aq) — 2I7(aqg) + 5,0.*(aq)

(i) A 10.0cm® portion of mixture is removed at time=0. This is before any of the
0.200moldm I.{aq) had reacted.

Calculate the volume of 0.100 moldm™ S,0,°-(aq) needed to react with the iodine present

in this 10.0cm? portion of mixture. P

_3 ,
[\ﬂ:{l = C_‘(\{ = o.Z‘oOX SZ’X\D — O'°\ m°\ \I\Soo'/"‘

""JA 1) \OCV‘\J = ‘OD><0-O( > L= \xlo’"l)
s

[s

A “6 SIO;— h 27& \x\\o—5 = 2”"‘6
\/:_ﬁ_ = 2'7(\5-3 - o,o))mj xloob = Joct

C o- oo

3

3

volume 0.100moldm™ 5,0,*(aqg) = ........ ZQ..:.Q ........ cm? [3]

(ii) Suggestthe name of a suitable indicator to use in the titration and state its colour change.
indicator Q’d"

colour change ‘o\ve’%CJOW‘Qm

(e) State two variables which must be recorded in this experiment.

For each variable, state the units.

variable 1 J’HY\K/ e e P PrPomat Ul 1 5€<01\19”

vartahlez\fa\wmt’%ﬁ“%"\u@ units awé ......................

(f) State one other variable which must be controlled in this experiment.

(g) The order of reaction with respect to iodine is expected to be first order.

(i) Use the axes below to draw a sketch graph of how the concentration of iodine changes
during the experiment. Label both axes.

ENVA

L

j:mz/s~ [2]

(ii) How could the graph be used to prove that the order of reaction with respect to iodine is
first order?

Jw\p&eK«K\\«e)sﬁut‘m)rgo\wc«a}yof&”\oﬁﬂ‘@

(h) Astudent suggested that the temperature at which the experiment was carried out would affect
the order of reaction with respect to iocdine.

State if the student was correct and explain your answer.

;\m(e_c}/\—w(?ajwemp&ﬁ}“}e%m ef\,\ﬁwhnoa’ ______
«%530(36(0’6%0(&\@(\

[Total: 20]



The reaction between hydrogen peroxide, H,0,(aq), and iodide ions, I(aq), takes place in acidic
conditions.

H,O.(ag) + 2I{ag) + 2H'(aq) — I.{ag) + 2H,O(l) reaction 1

The rate of this reaction can be found by measuring the time taken for a given amount of iodine,
I.(aq), to form.

This is done by adding a known amount of thiosulfate ions, S,0.%(aq), and allowing the L(aq)
formed in reaction 1 to react with the 5,0.%(aq).

I(aq) + 25,0,%(aq) — 2I7(aq) + S,0.*(aq) reaction 2

After the S,0,%(aq) ions have all reacted in reaction 2, any further 1.(aq) formed in reaction 1 can
be detected using an indicator.

A student carried out a series of experiments to determine the order of reaction with respect to the
concentration of I-(ag) ions in reaction 1.

The student prepared the following solutions.

solution A  0.100moldm™ KI(aq)

solution B 0.0500 moldm™ Na,S,0.(aq)

The student also had access to the following chemicals.
solution C  0.100moldm™ H,0.(aq)

0.2moldm™ H,50,(aqg)

distilled water

a suitable indicator

(a) The student prepared solution A in a 250 cm® volumetric flask.

(i) The student used a balance accurate to two decimal places and a weighing boat. A
weighing boat is a small container used to hold solid samples when they are weighed.

Determine the mass, in g, of KI needed to prepare 250.0 cm® of solution A.
[A: K, 39.1; 1, 126.9]

- C Xv = O.\ X lg'cﬂ()o—s - oozg ‘d\o\
MNabd = ﬂ\b\ %N«/bﬂ/ = 6.25 % 29 | +\2€.°\> _ H.lga

mass = L‘\g g [2]

(ii) The student weighed the empty weighing boat. The student then added solid KI to the
weighing boat until the mass of KI calculated in (i) was reached. The student transferred
all of the KI from the weighing boat into a 100cm® beaker.

Describe how the student could check that the mass of KI transferred into the 100cm?
beaker was exactly the same as the mass calculated in (i).

/rN. 3‘ AelSE.. v “ \I~‘<>‘\4 buk’ \OC— )1 lga NPTt ST BT Ol i |

{iii) The student dissolved the KI in the 100cm® beaker in distilled water and transferred the
solution formed into a 250 cm® volumetric flask. Distilled water was added to the volumetric
flask until the volume of the solution was exactly 250cm’. Care was taken to avoid parallax
errors.

Describe;

e how the student should transfer all the KI solution from the beaker into the 250 cm?
volumetric flask
e how the student should fill the volumetric flask exactly up to the 250cm® mark.

T]\b 5\’\\&&} 5‘\; \9 &j%( m'\?\l)k)'(c l«: w\\(e Sule «\QJ\ \ZI_JS

MQ s\a«w\s o0 Ko mw&aﬁom}vﬁwoauaw

99 g)“' .,\,(‘ \-Q/f\ \ )S-ou«% o\& vse a 345 e/ % q&&
i) ﬂﬁ:ﬁ . e R

(b) The student rinsed a burette with solution A before filling it with solution A.

Explam why this improves the accuracy of the results.

B T T R i R S R p i S S e P T A A Sy g e D T T L BT T T o e G S S R R L e e e T T R R T N R Sy ey [1]

(c) The student was given a solution of 0.400moldm=~ Na,S,0,(aq).

Determine the volume, in cm?, of this solution that should be added to a 100cm® volumetric
flask to prepare 100.0cm? of solution B. Give your answer to two decimal places.

= ny
C‘ﬁ\{\ = C)_Kv -3
ooo Ny - °°§’C)®y\ 3
AN
’\(| - 0.0125 x‘®° : ‘2 o ‘Q'SO

voltrme:= oo S T TN s e, [



(d} Experiment 1 was carried out using a series of steps.

step1 The student used a measuring cylinder to measure 25cm?® of 0.2moldm~ H,50,(aq).

This was transferred to a conical flask.

step2 The student added 20.00cm? of distilled water from a burette to the conical flask.

s\ mv\gﬂ“% KT

step3 The student added 5.00 cm® of solution A from a burette to the conical flask.

9.0< d\'D\ M‘S Nmps ;05

step4 The student added 5.00cm® of solution B from a burette to the conical flask.

step5 The student added 1.0cm® of indicator from a teat pipette to the conical flask.

step & The student used a buretie to add 10.00cm?® of solution C to a small beaker. The

contents of the beaker were added to the conical flask and a stopclock was started
immediately. The stopclock was stopped when the I, formed caused the indicator to
change colour.

In Experiments 2-6 the student repeated steps 1—6 but using the volumes of distilled water
and solution A given in the table.

The student carried out two trials of each experiment.

volume of time for the indicator
volume of distilled volume of volume of | volume of | i change colour,
experiment | H,50,(aq) sl solution A, v | solution B | indicator s
/cm? lom? lcm?® icm? fem?
Cin trial 1 trial 2

1 250 20.00 5.00 5.00 1.0 218 220
2 25.0 15.00 10.00 5.00 1.0 112 113
3 25.0 12.50 12.50 5.00 1.0 100

4 250 10.00 15.00 5.00 1.0 77 76
5 250 5.00 20.00 5.00 1.0 59 59
6 25.0 0.00 25.00 5.00 1.0 47 49

(i)

(ii)

In Experiment 3, trial 2, the indicator changed colour as soon as the student added
solution C to the conical flask. No results were recorded for Experiment 3, trial 2.

Suggest which step the student did not carry out in Experiment 3, trial 2.

Suggest why the results shown in the table could be considered reliable.

Thgpfowlmm,c\om _____ I

(i)

(iv)

(v)

What was the percentage error in the burette reading for measuring the volume of
solution A in Experiment 57

gly\ o.og) ~loo = (')~S

20.00

Suggest why a measuring cylinder was used to measure the volume of H,SO,(aqg) rather
than a more accurate piece of apparatus, such as a burette.

For Experiments 1-6, state:
e the independent variable YDIN'“&%SJQ\'\V‘\A NI

e« the dependent variable. ............ ’\'\N‘L _________________________ PP s
[2]



(e) The rate equation can be written as rate = k[I"]” where [I7] is proportional to the volume of -1.60

solution A and n is the order of reaction with respect to I".
(i) Use only the results of Experiments 1-6 given in {d) to complete the table where:
e vis the volume of solution A used in cm?® -1.70 v :
e t isthe average time taken in trial 1 and trial 2 in s.
Give all values to three significant figures.
"'1 .B‘D Y 2 ‘\
trial 1 trial 2 experiment vicm? log v t./s (1t )s? log(1/t.) 2
218 220 ' 500 | ,¢aq | 214 oahST | -1.34 = B
112 113 £ 100 |-eo ” 5 000 835 -).© S
100 3 12.50 ‘ \o 100 0.0100 2) oo
‘ =2.00 Tk
77 76 4 600 | |2 76S | ooldl | (38 ;
log (1/t,,)
59 59 5 20.00 [‘50 Sﬂ(o O.o\Q"l _1.77 S0 v
47 49 6 290 | |4 Moo | o208 [-16%
[2]
il) Rate can be expressed as (1/t,,). -2.20 "'
(i) pr (118,
The rate equation can be expressed as shown. ya
= +
tng(l It,) \‘nigzg vV ; i:
where: ‘A = -2.30 5
e cisa constant fsth 1%
e vis proportional to [I7]. ’ T A
On the grid: -2 .40 ,
» Plot a graph of log(1/t,,) against log v. Use a cross (x) to plot each data point. /
# Draw a line of best fit.
(2l -2.50
(iii) Use your graph to determine the gradient of the line of best fit. State the coordinates of 0.6 0.7 0.8 0.9 1.00 1.10 1.20 1.30 1.40
both points you used in your calculation. Give the gradient to three significant figures. —

Determine the order of reaction with respect to I-(aq).

co-ordinates 1 é7t'[/~),30> co-ordinates 2 Q}?}.J‘Zo) [Total: 20]
_{'§O+2'Bo - o,qL‘%

)7 -0 (hH
A - 3(4&@\9' N gradient = OOIL'S
order of reaction with respect to I"(ag) = |5 %

(3]



Hydrogen peroxide decomposes slowly at room temperature to give water and oxygen.
2H,0,(aq) — 2H,0(l) + O.(g)
The initial rate of this reaction can be increased by the addition of a metal oxide catalyst.

A student is asked to investigate which metal oxide catalyst is best at increasing the initial rate of
this reaction by using a method which involves the collection of oxygen.

The student is provided with the following metal oxides: copper(ll) oxide, iron(lll) oxide,
manganese(lV) oxide, nickel(1l) oxide and titanium(IV) oxide.

The student is also provided with an excess volume, of a known concentration, of aqueous hydrogen
peroxide and any laboratory equipment needed.

(a) (i) State the independent variable.

(ii) State the dependent variable.

Vau«\e eéQ c F&o&\ﬁé@ N oo cedllan BANZ [

(b) State two variables that would need to be controlled.

. Pre Nolome o \J(O ol \nb"\
]mee,(,\\'we

AR B A

(c) Draw a labelled diagram of the assembled apparatus that could be used to carry out these
experiments. The apparatus should allow the accurate recording of the oxygen produced.

(d) (i) What measurements need to be recorded during the course of each experiment to allow
the initial rate to be determined?

Vo\v«f\eo/éof»aa@l\/aﬂ\g\’\me (1]

(ii) How is the initial rata determined using these measurements?
p]o)’a\... Yo U“\Q lnrw?— ” wp‘\’\ wa o, "
o) w‘\& Qf}e/(mmg S—g 3(

(e) How can the student ensure that the results are reliable?

Qefe_o&'ad\gwe//ch [1]
(f) Suggest an alternative method to investigate these reactions which does not include the
collection of gas.

W@’M “Zl Hhe.. &ac(eober N e dﬁ /}Le, fes “ef%%&aw&

[1]

(g) Once the reaction has finished, how can the student demonstrate that the metal oxide has not
been affected by the reaction?

ﬁllg 7‘1\@ \) (w~9ue m& MNeodule \—s NS o7\ A ua««\q?,

Tx. w\ll L@ S, &> eS| Lﬁ,ﬂﬂa 1@4«\3 o‘g&t&guf\"'\g'q&\

(h) When aqueous hydrogen peroxide is stored there is a small hole in the lid of the bottle.

M | o«& Xo Mee. @oL ovl\D

[Total: 14]

Suggest why this is necessary.



2 Benzenediazonium chloride, C,H:N,CI, is readily hydrolysed at temperatures above 5°C, forming
phenaol, nitrogen gas and hydrochloric acid.

C.HN.Cl(aq) + H,O(l) - CH.OH(aq) + N.,(g) + HCl(aq)
The progress of the reaction can be monitored by measuring the volume of gas produced over time.
The volume of gas produced, V, after time, {, is proportional to the amount of benzenediazonium
chloride that has been hydrolysed. The final volume of gas produced, V.. is proportional to the
original concentration of benzenediazonium chloride.

The order of reaction can be determined from these results.

(a) (i} The experimentally determined volumes of gas produced during the hydrolysis of
benzenediazonium chloride at 50°C are recorded below.

Process the results to allow you to plot a graph of (V,,, — V) against time, t.

V.., = 252cm?
time/s volume, V/cm?® (Vi — V)iem?
0 0 25)
150 32 J)lo
300 62 Ao
450 ar | &S
600 110 (42
750 129 (2%
800 146 N4
1050 160 )
1200 173 79
1350 184 (3
1500 193 S

[1]

{Vﬁn.ul

ii) Plot a graph to show how (V.. — V)/cm?® varies with time/s.
(i) grap el

Use a cross (x) to plot each data point. Draw the curve of best fit.
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\STe
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Mo
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[2]



(iif)

(iv)

Do you think the results obtained in (i) are reliable? Explain your answer.

(@m _____ m osjrfmk _____ 0421:'\’\{*2(\'\““ .....................................

Use the graph to determine the half-life, {, of this reaction.

State the co-ordinates of both Sﬂints you used in your calculagion.

co-ordinates 1 ... _é‘l_’_(_??{ o \070 ﬂb

(b) A student set up an experiment to determine the order of the reaction in (a). Part of the
experimental set-up is shown below.

PaLiLuananar!
N——

Gor s «I«\Ue,

| __—boiling tube
water bath
benzenediazonium  p——— —
i =Ty A
anti-bumping | - - A~ - - |
granules— %= - — — - - - - J
(i) Complete the diagram above to show the experimental set-up the student could have
used to collect and measure the volume of gas evolved by the reaction. [2]
(ii) The water bath was set at 60°C.

At a reaction temperature of 60°C, the measurements made would be less accurate than
measurements made at room temperature.

State why the measurements made at a higher temperature are less accurate. \&

( U
___________ LO‘( gln@&ao-&&&(\kae SJ"\X/-M\P&JB

State the effect this will have on the values of V., — V.

lowexg«nge!')me,\loe, ..................................................................



(c) The graph below shows the results obtained from another benzenediazonium chloride
hydrolysis reaction performed at a different temperature.

250

© 2“”5>

200

S7 S

150

(Vo — V)iem?

100 5

50 ]

us

0 200 400 600 7% 800 1000 1200 1400

time/s

(i) The point at time = 450s is considered to be anomalous.

Suggest what caused the anomaly.

.............................................................................................................................................

(ii) The rate of reaction at different times can be calculated by drawing tangents to the best-fit
line. The gradient of the tangent is equal to the rate of reaction, in cm?s™".

Use the graph in (c) to read the value of (V. — V) at time t = 200 s and write this value in
the table below.

Draw a tangent to the curve at time t = 200s. Use the tangent to determine the gradient at
time t = 200s.

State the co-ordinates of both points you used in your calculation.

co-ordinates 1......(.2) 2°2§ ____________________ co-ordinates 2 ... 720 H2-S)
S - S
7o — o
gradient at 200s = .72 227— .......... cm*s™

Use your gradient to complete the table.

time/s (Vi — V) em?® rate of reaction/cm*s™’
[ 200 (SR -0.)2)
2 500 104 —0-143_
3 600 a1 —0.127
Y 800 59 -0.0867
S| 1000 52 ~0.0720
¢ 1400 30 —0.0417

[4]

(iii) The concentration of benzenediazonium chloride is directly proportional to (Vg — V).

Use the data in the table in (ii) to calculate the order of reaction with respect to
benzenediazonium chloride.

You must show your working.

st
C,ovv\fod‘ )‘\i(\é, S 1 o4§e/

\/(,:,.\J ’,'\/ ja‘.(eobeg é
foj'( &€£(€’>€9 \’U

C\.&at_ —30 -oSlzed

o QHW - oM e S
ch «3 — o ©B67 [2]



E&}‘(o(&’\%“'\é\’('aﬁ—— Qeﬂ'\g\x’ E\ec\’(ojfw'\sxﬁa QO‘N\' A\l

A more reactive metal will displace a less reactive metal from a solution of its salt. This reaction is
exothermic. If the same reaction is set up in an electrochemical cell then, instead of an enthalpy
change, electrical energy is produced and a cell voltage can be measured.

You are to plan an investigation of the reaction of three different metals (magnesium, iron and zinc)
with aqueous copper(1l) sulfate. You will plan to investigate whether there is a relationship between
their cell potential values, EZ,;, and their enthalpy changes of reaction, AH.

Mg(s) + Cu*(aq) —» Mg*(aq) + Cu(s)

Fe(s) + Cu®(aq) —» Fe®*(aq) + Cu(s)

Zn(s) + Cu*(ag) —» Zn*(ag) + Cu(s)

Copper(ll) sulfate solution is classified as a moderate hazard.
Zinc sulfate solution is classified as corrosive.

Iron(ll) sulfate solution is classified as a health hazard.

(a) Predm:t how AH, may change as E:,, increases. Give a reason for your prediction.

9“9& e(erres, M bg( w\\ &Zcom«\om, NgoNe
M (@M Il Lo e, exclinic oo o A¢FoGne,

(b) The first part of the investigation is to determine the enthalpy change, AH, for the reaction of
the same number of moles of three powdered metals with 0.500 moldm-= copper(ll) sulfate.

When determining the AH, for the reaction of the metals listed above with agqueous copper(ll)
sulfate,

the independent variable is, .. D?& 06 ?QVJSUQB (’\2}3

the dependent variable is. .. Sf&"‘f?’(ax we

2

You are provided with a sample of powdered metal and 50.0cm?® of 0.500moldm—® aqueous
copper(Il) sulfate.

(c) (i) Draw a fully labelled diagram to show how the apparatus should be set up to allow you to
determine the increase in temperature of aqueous copper(1l) sulfate.
You should use apparatus normally found in a school or college laboratory.

'a

> thet «\oﬂ\e}d
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(1]

(ii)y State the measurements you would make in yaur experiment.

Mo, Eool' + et ) g LDOX Q’re«
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(iii) Other than eye protection, state one precaution you would take to make sure that the
experiment proceeds safely.

R L o
3 o ]




(iv) For the reaction with magnesium, calculate the mass of magnesium, in g, you would use
so that it is in a small excess. You must show your working.
[A: Mg, 24.3]

! ﬂ (OSD = C—K,\I = a.goo w gbx\b—sz o.oz’S Mo\

s 5. \‘f\‘>\

. (S
\ Mo e - 60)S w 215 = J

Mod> = Yo

mass of Mg = 1 g (2]

(v) Explain why the metal used should be in powdered form rather than in strips.

[o/‘adso‘g\@dw»m@b%(o}eo’é‘eo\)ﬂﬂ\

- 11
(vi) The agueous copper(ll) sulfate and metal mixture should be stirred continuously.
Explain why.
T e

(d) In one experiment, the increase in temperature when excess magnesium powder is added to
50.0cm? of 0.500 moldm-2 aqueous copper(11) sulfate is 58.5°C.

Calculate the enthalpy change for this reaction, AH,, in kJmol-'.
Assume the specific heat capacity, ¢, of the reaction mixture is 4.18Jg'K-".

Assume 1.0cm? of 0.500 moldm™ aqueous copper(ll) sulfate has a mass of 1.0g.
Include a sign in your answer.

Mg(s) + Cu*(aq) —» Mg*(ag) + Cu(s)

@= we DO = @o}(“.”’){%%fg
22657

/>L]( . 22ES 7‘|°’3 - J’\Eo(.oé
0.a2S

AH. = ‘H%O\ kJmol~' [2]

(e) The second part of the investigation involves determining the cell potential, EZ,,, for the three

electrochemical cells.

cell reaction

Mg(s) + Cu®(aq) —» Mg*(aq) + Cu(s)

Zn(s) + Cu*(aq) —» Zn*(aq) + Cu(s)

Fe(s) + Cu*(ag) —» Fe™(ag) + Cu(s)

Draw a diagram of the apparatus you would use to measure the E2,, for the magnesium/copper
cell. Your labels should include the names of the metals and the names and concentrations

of the solutions you would use.

»ag K

S

e

sJ’:\llb« :%e_

: [ihso T el

C o(*B

S [0\ el

[3]

(f) Explain why the enthalpy change determination and cell potential determination should be

carried out at the same temperature as each other.

.50 The ‘(«i\)eb@"\Lz.c°ﬂ\‘l~£

(9) Accepted E?Z, values are shown for the cell reactions.

cell reaction ES IV AH,

1 Mg(s) + Cu?*(ag) — Mg*(ag) + Cu(s) +2.72 _11$°l
2 Zn(s) + Cu®(aq) —» Zn?*(ag) + Cu(s) +1.10 _A)o
Fe(s) + Cu*(aq) —» Fe*(aq) + Cul(s) +0.78 - L\ab

- (1]

Use your prediction in (a), your answer to (d) and data from the table to predict AH, values for

reactions 2 and 3.
Complete the table with these values.

(1]
[Total: 18]



1 The Faraday constant is the charge in coulombs, C, carried by 1 mole of electrons. (b) Two of the hazards of using copper(ll) sulfate solution are given below.

(a) A student plans an electrolysis experiment to determine the Faraday constant. For each hazard, state a precaution, other than eye protection and a lab coat, that the student

should take when carrying out the experiment.
The student was supplied with the following.

hazard: copper(ll} sulfate solution causes skin irritation

e 1.0moldm™ copper(ll) sulfate
clean, dry copper foil electrodes, labelled ‘anode’ and ‘cathode’ .
: ba[amew i precaution "\)Qal(a\m“f@
+ stop-clock
e ammeter
» other equipment suitable for carrying out electrolysis
hazard: copper(ll} sulfate solution is toxic to aquatic life

Draw a labelled diagram of the apparatus and chemicals the student should use in their
electrolysis experiment. Include in your diagram the circuit connecting the anode and cathode. precaution ‘SQN_} 9& seoge_ - &w,\ } )(LZ AN

Q'A)e/(

i \ @ [~ —

i g A\"“‘é@( ‘(ol(.\al’k

(enighot
.M\& The student carried out the electrolysis for exactly 30 minutes with a current of 0.5A.

ovm&?/ c e

O T P e After the electrolysis was finished, the student removed the electrodes.

A

The electrodes were then carefully washed in water and then dipped in propanone.
The electrodes were dried by allowing the propanone to evaporate.

(c) State the measurements the student would need to record to calculate the mass change of an
electrode. Include the appropriate unit.

- R M s S % e)::)ﬂo&e Le}mz N\S‘ O\'g'e/J e,x(e,(nl\ei\k/a
k{@soﬂj el
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(d)

(e)

(f

(g)

Calculate the charge passed through the copper(ll) sulfate solution during the electrolysis
experiment using the formula shown.

charge (C) = current (A) = time (s)

= O-S * 3)°7(€>@

. Qoo

—

charge passed = oS [1]

The mass change of the anode was —0.282g.

Calculate the amount, in mol, of copper lost from the anode. Give your answer to 3 significant
figures.
[A: Cu, 63.5]

-3
m\: nsS a'lgl 44y Xlo
Me//), €3S
e
moles of copper lost from the anode = L‘ ....... XIO mol [1]

Use your answers to (d) and (e) to calculate the charge required to remove 1 mole of copper
from the anode.

Lt 5% mel ¢+ Teo
-
U = 29270 2.l 27
1015 o

charge required to remove 1 mole of copper = ..224..

The theoretical charge required to remove 1 mole of copper from the anode into solution as
copper(ll) ions is 193000C.
The Faraday constant is 96500 Cmol™".

Explain why the theoretical charge is twlce the Faraday constant.

j} ny ericez oA 2 rr\od> %JC YoNs | e f@{u“ﬁg J'O
 AemNe \f"‘° % qu}{o‘f\

(h) A possible source of error is not drying the anode at the start of the experiment.

(i)

1)

Explain the effect, if any, on the calculated value of the Faraday constant if the anode is wet at
the beginning of the experiment but dry at the end.

effect .. \L&\)Q V\i\.\ ‘ggs T

explanation '\LMQSSMDML"% ..... €’)> ...... . .‘ ..... 1’)& ...{QSQf&?B..ﬁ)R ............
3Lw frot_achonh..

Moﬁb') —> m.,"t\ —> C"\"“(a@ ‘J<‘=\~"(€& l'c Yenove l W\o\ \l/ [1]

The student wanted to ensure that the anode was completely dry at the end of the experiment
and decided to evaporate off the propanone using a blue Bunsen flame. The student noticed
some blackening of the surface of the copper.

Suggest what caused this blackening.

mcbm()\d'c com\’ﬁ%%@'\ QCCO{S Sp. . @JM Scm%’ S &;{)ob\\’es

..............................................................................

.. 1]

The student calculated the mass change of the anode and the cathode after the experiment
was complete.

mass change of anode = -0.282g

mass change of cathode = +0.217g

Suggest one reason why the mass gained at the cathode is not the same as the mass lost at
the anode. Assume the student has recorded the mass changes correctly.

2ot cof] te... ekide. ond. J/S !
03 H{ laoﬂ—o«vv 6& 8 )e{)

[Total: 12]



1

A student investigates the charge (z+) carried by aqueous manganese ions, Mn*(aqg). The
electrochemical cell shown is set up for this investigation with the following two half-cells:

¢ a standard copper(ll) ion/copper hali-cell (E® = +0.340V)
e a half-cell made from manganese and 0.500 moldm™= Mn**{aq).

(a) Label the items P and Q and state the concentration of the copper(11) ion solution in the copper

half-cell.
P Vo\\’tf\f}@(
L
copper : manganese
copper(ll) ion 0.500 moldm—
solution aqueous Mn**(aq)

Q. \/f e ...
A &3 P

concentration of the copper(ll) ion solution in the copper half-cell = ... .

{(b) During the investigation the student plans to use solutions of Mn*'{aq) of lower concentration
than 0.500 moldm=.

(i) Calculate the volume of 0.500moldm=3 Mn*(aq) needed to prepare 100.0cm?® of
0.200 moldm~ Mn**(aq).

C,\[\ = c):\/) |
<o,SOo><\/5 - QDJZOQB C\'&’X\:>>
\/\" °'°Lr<9/'”\& X‘ooo—_ L\ocw\

(i) Describe how, using a 100cm® volumetric flask, the student should prepare exactly
100.0cm® of 0.200moldm™ Mn*{aq) using the volume of 0.500moldm™ Mn*(aq)
calculated in (b)(i) and standard school or college apparatus.

T';’(\S!'WHOC:%°S°°M'\¢&~'\—S"S”°°\\°°cf"§‘(°\°“‘f)’(k'
(1\»\4()5@)9(.,[149 N}M Yo BN e Yo\o e

........................................................................................
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The cell potential of the electrochemical cell in (a) is measured. The 0.500moldm™ Mn*(aq) is
then replaced by the 0.200 moldm™ solution and the cell potential is measured again. This is
repeated for other lower concentrations of Mn*'(aq). All measurements are made at 25°C.

(iii) The results of the experiment are shown in the table.
Complete column three of the table, calculating log[Mn**] to two decimal places.
Complete column four of the table, calculating E, the electrode potential of each manganese

half-cell, o three decimal places, using the equation shown.

E(manganese half-cell) = E_, + 0.340V

[Mn®'] electrode potential
frrich e cell potential, E__./V log[Mn®*] of each manganese
e half-cell, E/V
5.0 x 10 -1.529 -0.30 -1.189
2.0 x 107 1541 _o 1o ~|. 20\
1.0 x 107 -1.550

- \,00 - {.)[0
75107 ~1.553 112 _1.213

2.5 x 1012 ~1.567 -|.be ()27
8.0 x 10~ 1,582 2.\ - \,ll")—
6.0 x 10° 1590 2222 - (2%
4.0 x 10° -1.591 - 2. 4o 212G\
3.0 x 10° 1504 - )52 ~1.2SH
5.0 x 10~ 1.617 -3 3o ~1.)((

[2]



(c) Plot a graph of electrode potential of manganese half-cell (y-axis) against log[Mn**] (x-axis).

o s log[Mn*] 40 0.0 (ii) The student is careful to ensure that all solutions used are at the same temperature in all
] ) : | _116 experiments.
Suggest a possible explanation for the position of the anomalous point circled in (d)(i)
r@e to the line of best fit.
-1.17 . . \ \,
_____ Mo shben o mote Mlote Ran b bl be
N (O/ 1 Hg)
\ -1. .1 B
....................................................................................................................................... (1]
-1149 (e} Your graph is a plot of E against log[Mn*'] and can be analysed using the Nernst equation at
25°C.
Y =
-1.20 E=E*+ 0.059 (tng[an']\
F
C+ Y ”®x
z is the value of the charge carried by the manganese ion
-1.21 E is the electrode potential/V
electrod
4 p-:i{;nzaienf E*® is the standard electrode potential /V
4 manganese ; :
half-cell, E/V Use the Nernst equation and your graph to find the standard electrode potential, E®, of the
-1.22 manganese half-cell.
[ g S — (|?> ........... VvV [1]
-1.23

(f} (i) Determine the gradient of the graph.

State the co-ordinates of both points you used for your calculation.

—1.24 Record the value of the gradient to three significant figures.

) -1.25
M = B o?/o\g
-1.26 NS -6
_127 gradient = QO)’O\‘g __________
; S A
1 -1.28

[2]



(ii) Use your answer to (f)(i} and the Nernst equation to calculate the value of z to three
significant figures and give the formula of the manganese ion.
Your calculation must show the use of the Nernst equation.

(If you were unable to calculate an answer to (f)(i) you may use the value 0.0197. This is
not the correct value.)

0.5 = 0.0

O
5= 4 e

Ho "
formula of manganeseion= ... 0.

2]
(g) Lowering [Mn**] causes the value of the electrode potential of the manganese half-cell to

become more negative.

Suggest why this happens.

..............................................................................................................................................
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[Total: 16]



Transition metal complex ions are coloured. The formula of a complex ion can be determined using
colorimetry.

In colorimetry, light of a certain wavelength is passed through a complex ion solution. The absorbance
of the light is proportional to the intensity of the colour of the sclution. The more concentrated the
complex ion solution, the more intense its colour and so the higher the absorbance.

A student carried out an experiment to determine the formula of the complex ion formed between

aqueous iron(11l) ions, Fe*'(aq), and aqueous 2-hydroxybenzoate ions, C;H,(OH)CO,, which have
the structure shown.

SN

(a) In the first step of the experiment the student prepared 100.0cm? of 0.0500 moldm™ aqueous
iron(111) nitrate.

(i) Determine the mass, in g, of solid hydrated iron{Ill) nitrate, Fe(NO,),.9H.,0O, needed to
prepare 100.0cm?® of a 0.0500 moldm solution.
[A:Fe, 558 N,14.0; O, 16.0; H, 1.0]
oo vlo > ol
n = cx\{-_ o.ogx oc>><O:Sx]o "NO >

Moss = ol % M,/A\, - <SS.7> : ,5(’|°\)4, "\((é';:rlg—rc\((q

- 2w HJ

mass of Fe(NO,),.9H.0 = ....... 202‘ ............ g [2]

(ii) Describe how, after weighing the mass determined in (i), the student should prepare
100.0cm? of 0.0500 moldm™ agueous iron(11I) nitrate.

In your answer you must give the name and capacity, in cm?, of any apparatus used.

/D“S(’w D.ode f‘L’ [Gzoy\ef M\& &56@“’6 "L__os\"a &*\5“\&9
el ‘fa«\se« T[-L codrwl's ojﬂ\@ Jealor Joon Jooem
AR n\cj"c ﬁ@K '\Kb g&h beales A:’W
flm% b m&) M og,ﬁ MIJ D b volomebe

(b) The student prepared sclutions containing various combinations of 0.0500moldm™ Fe*(aq)
and 0.0500 moldm-* aqueous 2-hydroxybenzoate, as shown in the table.

The student placed a small sample of each solution into a colorimeter and measured the
absorbance. The student made a mistake in test number 9 and did not measure the result.

test number 1 2 3 4 5 6 7 8 9 10 | 11
volume of Fe**(aq)/cm® | 00 | 1.0 | 20 | 30 | 40 | 50 | 6.0 | 7.0 9.0 | 10.0
volume of aqueous
2-hydroxybenzoate /cm? 00|90 | 80|70 |60 | 50|40 30 1.0 | 0.0
absorbance 0 23 | 46 | 69 | 70 | 58 | 47 | 35 13 0

(i) Plot a graph on the grid to show the relationship between absorbance and the volumes of
Fe*(aq) and aqueous 2-hydroxybenzoate used.
Use a cross (x) to represent each data point. Draw two lines of best fit. 2]

80 \/
41,9 S g E e e

70 %K

60

-$-

50

absorbance

40

30 i

20

10

0

volume of Fe*(aq)/em® > (0 1.0 2.0 3.0*%40 50 6.0 7.0 80 9.0 10

volume of agueous —> 10.0 9.0 80 7.0 60 50 40 30 20 1.0 00
2-hydroxybenzoate /cm?



(ii) Use the graph in (i) to determine the volumes of Fe?*(aq) and aqueous 2-hydroxybenzoate
which would give the maximum absorbance.

volume of Fe*(aq) = ... Y. ... ...cm?

volume of aqueous 2-hydroxybenzoate = Q'é cm?
[1]

(iii) The point of maximum absorbance shows where all of the ions are combined in the
complex.

Use the volumes in (ii) to determine the number of moles of 2-hydroxybenzoate ions that
form a complex with 1 mole of Fe™ ions.

cL
>4

moles of 2-hydroxybenzoate ions = Z [1]

(iv) Fe**(aqg) ions exist in agueous solution as complex ions with the formula [Fe(H.O).)**(aq).
2-hydroxybenzoate ions, C H,(OH)CO,", are bidentate ligands.

Use this information and your answer to (iii) to suggest the formula of the complex ion
formed between Fe*(aq) ions and 2-hydroxybenzoate ions.

[‘:&CM}OBZ(CaHh(OH)CO));y [1]

(v) Name the apparatus that should be used to measure the volumes of the solutions given in
the table accurately.

.......... E \){f)f’l—c [1]

(c) Intest9, instead of mixing 8.0cm® of Fe*(aq) and 2.0 cm® of aqueous 2-hydroxybenzoate, the

(d)

student mixed 16.0cm?® of Fe*(aq) and 4.0 cm?® of aqueous 2-hydroxybenzoate.

Use your graph in (b)(i) to suggest the absorbance that would have been measured if a sample
of this solution had been analysed in the colorimeter.

absorbance = 2—5 % [1]

In a colorimetry experiment, the absorbance of the solution follows the relationship shown.
A= gcl

A is the absorbance (no units).
c is the concentration in moldm—3.

lis the path length of the light travelling through the solution in cm.
£ is the molar absorption coefficient {(a constant).

Determine the unit of £

A. 20 ;
A 34 A
No of\'\Ls c ﬁ”" et cm 0\- X

£ - A = unit = AN Ml e 1]

c JQ %\&’:3 w

[Total: 12]



2  When light passes through solutions of chemical compounds some of the light may be absorbed.

The quantity of light absorbed is called the absorbance and it is measured by a spectrophotometer.
A simplified diagram of a spectrophotometer is shown. A glass cuvette is a rectangular vessel.

= sample of solution
| p

- -] light detector

7 =N
light of one
wavelength

L §
|

glass cuvette

(a) (i) A chemist placed distiled water in the glass cuvette. This was then put into the
spectrophotometer and a reading taken.

Explain why this reading was taken.

/‘;Ca\ﬂ‘\"ﬁ‘*e‘v'% \‘\S\'(oﬂ‘&l&‘

(ii) Light passes through opposite sides of the cuvette. These two sides must be wiped with a
cloth to ensure they are clean and dry.

Explain why this prc-cedure makes the readings more accurate.

The ol b Al by ik /fopeapinks

Manganese is added to steel to increase its strength. A spectrophotometer can be used to analyse
the manganese content of steel. This is done by comparing the absorbance of a solution of
MnO, (aq) prepared from a sample of steel, with the absorbance of solutions of known concentrations
of MnO, (aq).

(b) 1.0dm’ of a standard solution of 0.0300 moldm™ MnO,” was prepared by a chemist using solid
potassium manganate(VIIl), KMnO,, measured using a two decimal place balance.

(i) Calculate the mass of KMnO, required fo prepare this standard solution.
[A: K, 39.1; Mn, 54.9; O, 16.0]

- c,x'\( aogbo# \ = °'°$M°
Mmo> = M‘/A(— oog <~SG”+ SHA+ L\( %>
TR
mass of KMnO, = ..... L‘7L\ ............. g [1]

(ii) Describe how the chemist should accurately prepare this standard solution using a sample
of KMnO, of mass calculated in (i). There is a 1.0dm® volumetric flask available.

______ Disehie. 4745 in.on beeKer_os Soklled ey Tender
A souﬁﬁ% B jw\_ vow\epnc, 1C~>\< w\sg M

edings 4 e beoerto e donekie ool £ the,.
\/o\Oﬁ\ «\c, ﬁw\(ue\m {LL \QN‘\ MMK

(iii) The chemist diluted this standard solution to 3.0 x 10~*mol dm™ for use in the experiments.

Explain why the chemist did not prepare a solution of this concentration directly, by
dissolving the required mass of KMnQO, in 1.0dm* of water.

Asmﬁ RO 1 U R NN [ £ N |\ WO
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absorbance

(c) The chemist needed to determine which wavelength of light was most absorbed by a solution
of MnO,(aqg). The clean, dry cuvette was filled with 3.0 x 10*moldm™ MnQ,- and different

0.760

0.750

0.740

0.730

0.720

0.710

0.700

0.690

0.680

0.670

0.660

0.650

0.640

0.630

0.620

0.610

0.600

wavelengths of light were passed through the solution. A graph of the results was plotted.

510 515 520 525 5350 535 540 545
s2Aa.

wavelength/nm

550

Use the graph to estimate the wavelength of light that is most absorbed by the MnO,~ solution.

wavelength of light most absorbed = g)j\g ........... nm [1]

(d) The spectrophotometer was then set to the wavelength that is most absorbed by the
MnO, (aqg) solution.

The chemist measured the absorbance of solutions of known concentrations of MnO,(ag).
The results are shown in the table.

(i)

(ii)

(iil)

concentration of
MnO, (aq)/moldm™ abaafance
3.00 x 107 0.748
270 x 10 0.680
240 = 107 0.610
2.10x 107 0.530
1.80 x 10 0.440
1.50 x 107" 0.378
1.20 x 107 0.315
0.90 x 10 0.230
0.60 x 10 0.150

Plot a graph on the grid on page 11 to show the relationship between the absorbance and
the concentration of MnO,(aqg).
Use a cross (x) to plot each data point. Draw a line of best fit. 2]

State the relationship between absorbance and concentration of MnO,~(aq). Explain your

answer with reference to particles
a\\ﬂ&ﬂ bunce. s »&\‘ fo \M&&Sbcmc@\f&\d\ MO,
th«ue{ ey, e mete.. J\z\i &d\oe&

Do you consider the re&ﬂtﬁ obtained to be reliable? Explain your answer.

Ye)),aw&%ow@ﬂcﬂ/c\os@ ..... bo Ao fina....



0.800

0.700

0.600

0.500

absorbance

0.400

0.300

0.200

0.100

0.000

.00

0.50 x 10

1.00 x 107 1.50 x 10~ 2.00x 10" 2.50%x10° 3.00x= 10" 3.50x10°

concentration of MnO, (aq)/ mol dm™

(e} (i) The chemist used the MnO, {aq) solution of concentration 3.00 x 10~*moldm™ to prepare
the solutions in the table on page 10.

Calculate the volume of 3.00 x 10~ moldm™ MnQO,~(aq) solution and the volume of distilled

water required to prepare a 25.00cm® solution of 2.70 x 10~*moldm= MnQO,(aq).
Give your answers to two decimal places.

c\\J\ . \/l 5
(N, - (Torls ) 25x0c
\[\ - O0.© ),ZS &ms x\ooo; ZDXO\A

—

volume of 3.00 x 10~*moldm~ MnO, (aq) solution = ..... 22% ............. cm?

volume of distilled water = Zg cm?
[1]

(ii) The volumes of the two solutions given in (e)(i) could be measured using the same type of
apparatus.

Mame a suitable piece of apparatus which could be used to measure these volumes.

The chemist dissolved a known mass of steel, containing manganese, in acid. The manganese was
then oxidised to manganate(VII) ions, MnO,", using a very strong oxidising agent. The resulfing
solution was made up to 100.0cm? in a volumetric flask.

(f) Asmall sample of the solution of MnO,(aq) prepared from the steel sample was placed into a
clean, dry cuvette and its absorbance measured using the spectrophotometer.

(i) The absorbance of the MnO,(aq) solution was 0.630.
Use the graph you have drawn in (d)(i) to determine the concentration of MnO,(aq) in this
solution.
Give your answer fo three significant figures.

-4
concentration of MnO,(ag) = zgo)(lo ______ moldm™3 [1]

(ii) Calculate the mass of manganese present in the steel sample. Show your working.
[A: Mn, 54.9]

. -3 -
= CXV: Q-SYIOH * IOOX\D = Q.SXOS
wel < M /A
- Q,S‘llo-g *~ SL“,\

- . 372 gx\o’S

mass of manganese = ... T A g [1]
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(g)

(h)

The steel sample that the chemist used had a mass of 1.209g.

Use the mass of manganese you calculated in (f)(ii) to calculate the percentage of manganese
by mass that was present in the steel sample.

(If you were unable to calculate an answer to (f)(ii) you may use 0.00143g as the mass of
manganese. This is not the comrect answer. )

\,377((0’2 cho—:_ O\\ SZ) \/
|. 2o

percentage of manganese in the steel sample = ... R . % [1]
Another way of analysing the manganese content of the steel sample is by titration. The steel

sample is prepared in the same way as previously. It is dissolved in acid and then oxidised
using a very strong oxidising agent. The MnO,_(aq) ions produced are titrated with a solution

of iron(1l) ions. The equation for this reaction is shown.
MnO,(aq) + 8H'(aq) + 5Fe*(ag) —» Mn*'(ag) + 5Fe*(ag) + 4H.,O(l)

Explain why it is essential to remove the strong oxidising agent used to prepare the solution of
steel sample before carrying out the titration.

&:M’/@“sno}m&xggoe(%%usjr(ﬁox&“&
O\JU\)V [1]

[Total: 18]



2 Sucrose, C,,H,.0,,, is a naturally occurring sugar found in sugarcane and many fruits. It can be
hydrolysed in acidic solution to give glucose and fructose. All three molecules are chiral and will
rotate the plane of polarised light. The degree of rotation is known as the optical rotation, a.

(a) The experimentally determined values of optical rotation during the hydrolysis of sucrose at
298K are recorded below.

Process the results to allow you to plot a graph of log, (« —

et ,) against time, £.

CH,OH CH, DH CH,OH GH DH
H* catalyst Calculate (« — ay,,) and record it to 1 decimal place.
+ HO —» %
CH,OH GHZDH Calculate log,,(«x — @ 4) and record it to 2 decimal places.
OH —
sucrose Iu::c:-se fructase i Opica N —
In the presence of excess water, the reaction can be considered to be first order with respect to 0 39.9 g\ A \ 72
sucrose concentration. 300 59 1 | B
The progress of the reaction can be monitored using a polarimeter, which measures the optical 600 213 IR 1.s2
rotation, «, of the solution. The more concentrated the solution, the greater the optical rotation of '
the solution. 900 15.5 21.S LAk
. : : . 1200 10.6 2.6 .35
The concentration of sucrose at time f can be represented as (¢ — ;). where «,__ is the optical -
rotation of the solution after 6 hours. 1500 6.2 8.2 .2
1800 2.4
The mathematical relationship is given by the following equation. . 16
2100 -0.3 7 Y
kt
0gola = &) = A= 535 2400 —2.5 1.§ 5.9%
A is a constant. 2700 —4.5 75 0.3
k is the rate constant.
[+ 2 -12.0
[2]
(b) (i) Plot a graph on the grid on page 9 to show how log, (& — « ) varies with time, {.
Use a cross (x) to plot each data point. Draw the line of best fit. [2]
(if) State and explain whether the results and your graph confirm the relationship
ki
l0g, (e — ttq) = A— 230"
Z) LM L
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(c) (i) Determine the gradient of the graph.
State the co-ordinates of both points you used for your calculation.
Record the value of the gradient to three significant figures.

co-ordinates 1 @wl\§> co-ordinates 2 écgoqaob

S AN
2% ~Too

*’1
M- - ’g-b%X ©

3 B uly
gradient=..=.2:S2. 210 ...s
(2]
(i) Use the gradient value to calculate a value for k in the expression shown.
kt
l0go(@ — tgq) = A - 2130
&"3‘0 (»(-KMB -\ LA
2.2
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(d) The graph below shows the results obtained from a second hydrolysis of sucrose reaction

performed at a different temperature.
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(i) The point at time = 2000s is considered to be anomalous.
Suggest what caused the anomaly.

J/kb(mgfawm{'ax[u\cwld)(fMloobS

- 1]

(i)

(iii)

(iv)

(v)

Use the graph to determine the half-life, f,,, of this reaction.
State the co-ordinates of both points you used in your calculation.

co-ordinates 1 GO;L(OB co-ordinates 2 (720/2’03
7lo - L‘O = éio

Ro

hallife = oo annnsnnaay 8 |12

For a first-order reaction, the following relationship exists.

half-ie, t, = 2-633

Use this relationship and your answer to (ii) to determine k', the rate constant for this
second hydrolysis reaction.

If you have been unable to determine the half-life of the reaction in (ii), you may use the
value t,, = 500s, though this is not the correct answer.

/
o-éqg =K - o2 )((b~’>
CRo

-3
k'= !Ol A Sl L

State whether the temperature of the second reaction was higher or lower than that of the
first.

Explain your answer with reference to the answers you obtained in (c)(ii) and (d)(iii).

If you have been unable to calculate a value for k in (c)(ii), you may use the value
k = 8.00 x 10, though this is not the correct afwer.

2&(mj“ﬂ¥°K Ia\;.e,o._‘f I'W/Ji'm V\\'U{e.«ob‘%'g

. [1]

Would the value of the half-life change if the reaction were repeated with twice the initial
concentration of sucrose? Give a reason for your answer.
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Activated charcoal is a form of carbon with a very high surface area. It can be used to remove
impurities from mixtures. It does this by a process called adsorption, where particles of the impurity
bond (adsorb) to the activated charcoal surface.

A student wanted to determine the ability of activated charcoal to adsorb a blue dye (the impurity)
from agueous solution.

The equation that links the mass of activated charcoal with the amount of blue dye adsorbed is
shown.

log(2)= 4 + biog[x]
s+ L
D = difference in concentration of dye (in gdm~*) before and after adsorption
m = mass of activated charcoal (in g)
[X] = final concentration of dye (in gdm3) after adsorption
A and b are constants

I

The student used the following procedure to investigate the ability of activated charcoal to adsorb
a blue dye from an aqueous solution.

Place a 50.0cm® sample of a 25.00gdm~™ solution of blue dye in a conical flask.
Add a weighed mass of activated charcoal to the flask.

Stir the contents of the flask for three minutes and then leave for one hour.
Filter the mixture.

Determine the final concentration of the blue dye, [X], by colorimetry.

Repeat the procedure using different masses of activated charcoal.

(a) The final concentrations of blue dye after carrying out the procedure, [X], are shown in the
table.

(i) Process the results to complete the table.

Record your data to two decimal places.

mass of initial final difference in
activated |concentration | concentration | concentration D loal2 log[X]
charcoal, m | of blue dye | of blue dye, [X] | of blue dye, D m ﬂg(m og
/g fgdm™ /gdm /fgdm™
0.20 25.00 0.96 2L‘ OL( 120.20 2.08 0.)
0.25 25.00 0.69 211 5\ 97.24 1.99 o6
*‘\ 0.30 25.00 0.60 21,( 110 81.33 1.91 o 22

0.35 25.00 0.41 ZLI gﬁ 70.26 1.85 _o. 3%
0.40 25.00 0.33 21—( QY 61.68 1.79 o X3
0.45 25.00 0.27 24.73 54.96 174 | __ g7
0.50 25.00 0.23 21—\ —('( 49.54 1.69 i 0.@1
0.55 25.00 0.20 21,‘ 2o 45.08 1.65 _ &70
0.60 25.00 0.17 ) LI 33} 41.38 1.62 v

[3]

(ii) By considering the data in the first three columns, state the effect of increasing the mass
of activated charcoal, m, on the amount of adsorption that occurs.

Explain this effect.
ob(o}efﬁu(qcﬁq'(ea\w‘/ﬂ‘“‘\e,
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(b) Plot a graph on the grid to show the relationship between In«g(%) and log[X].

Use a cross (x) to plot each data point. Draw the straight line of best fit.
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[2]

{c) Circle the most anomalous point on the graph.

Suggest a reason why this anomaly may have occurred during the experimental procedure.
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(d) (i) Use the graph to determine the gradient of the best-fit line. State the co-ordinates of both
points you used in your calculation.

Determine the value of the constant b.

co-ordinates 1...\o2 %°;|é°) ............ co-ordinates 2 (‘O‘g;ztfs
D oo .60
—0.1S + 030

................................................

(ii) Use the graph to determine a value for A.

[Total: 12]



