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Answer all the questions.
‘Morton’s salt'™ contains a mixture of sodium chloride with magnesium carbonate. It is advertised
using the slogan ‘When it rains it pours’ indicating that the table salt is free-flowing in humid
weather.

Magnesium carbonate is hydroscopic (absorbs water) and forms hydrated salts, eg MgCO,+3H,0,
but does not dissolve. This stops the sodium chloride absorbing water.

(@) (i) Some data for the dissolving of NaClis given below.

Enthalpy change Value/kJ mol™*
A_cH NaCl ~780
AnygH Na* ~402
AnygH CI" -374

Calculate a value for the enthalpy change of solution of NaClL

A""’sol = 'ALEH + Ahya'H(Na+) + Ahde(C,—)

= +780 + (-402) + (-374) = +4 kI mol™

enthalpy change of solution of NaCl= ......... HA. KT om0l [1]

(ii) The diagram below shows the pattern of ions in one face of a NaCl lattice.
Extend the diagram to show the repeating pattern by adding three more suitable ions.

Label one Na* ion and one CI~ on the diagram.

[2]
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(b) Some students heat a sample of MgCO,+3H,0 to try to make MgCO,.

Calculate the percentage loss in mass they will obtain if they succeed.

M, MgC033H,0 = 24.3 + 12.0 + 3(16.0) + 3(18.0) = 138.3
mass lost = 3H,0 = 54.0
% loss = 54,0 / 138.3 x 100 = 39.0 %

percentage loss in mass = ................ 39 e, % [2]

(c) The students continue to heat the MgCO, formed and realise that the compound is
decomposing, giving off CO, gas.

The students want to obtain 200 cm?3 CO, at 290K and 99kPa.

What mass of MgCO, should they heat?

n(C0,) = pV / RT = (99 x 10® x 200 x 107%) / (8.314 x 290)
= 821 x 1072 mol
MgCO3 - MgO + €O, so n(MgC03) = 821 x 1072 mol

mass = 821 x 107 x 84.3 = 0.692 g

mass of MgCO, = ............... 089.....ieeennn g [3]
(d) Magnesium has a higher first ionisation enthalpy than calcium.
(i) Write an equation for the reaction for the first ionisation enthalpy of magnesium.

Include state symbols.

Mg(g) - Mg*(g) + e
[1]

(ii) Explain why magnesium has a higher first ionisation enthalpy than calcium.

The.auter. electron.in.Mg..is. nearer..the. nucleus. with. less..shielding. (fewer.........

more.strongly.and..mare..energy..is. needed..to..remove. it.................cccooeeeeennn. [2]
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(e) Some students are given a mixture of magnesium carbonate with another Group 2 carbonate.
They dissolve the mixture in an acid. They test the solution of salts formed as shown in the
table below.

Test Result

Flame test Green flame

Add dilute nitric acid followed by

silver nitrate solution White precipitate

(i) Name the acid that the students used to dissolve the mixture of carbonates.
Dydrochloric ACIA..CHED...........ooooeooeoeeoeeeeeeeeeeee e [1]
(ii) Name the other Group 2 carbonate that was mixed with the magnesium carbonate.

boarium.. carbonate. (BACOZ) ... [1]
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Propene gas, C;Hy, is obtained industrially from a variety of sources.
Propene is mainly used as a starting material for making polymers.

(@) The mass spectrum of propene has several peaks including those at m/z 27 and 43.

(i)

(ii)

(iii)

(b) (i)

(i)

© OCR 2018

Give the species responsible for these peaks

27 L CaH3

[2]
Propene has an isomer, cyclopropane.

Explain why high-resolution mass spectrometry would not distinguish between propene
and cyclopropane.

YPC..ANA NUINBEY. OF AEOMNScc ...ttt
.The..sum..of the.accurate. atomic. masses. is.the. same,.so. both. have. exactly......
the same.M,.(42.047). and. give.a..molecular.ion. at. the same .m/z....... [2]

Suggest, with reasons, two spectroscopic methods (apart from mass spectroscopy) that
would distinguish between cyclopropane and propene.

Method 1 ..I0FIAKEA. SPEGEYOSCOPY . ......ooo oottt ettt
Reason:..propene..has..a..C=C..bond,. s0..it. absarbs..at..1620.t0.1680..cm7k,.........
.and.an.alkene..C=H .absorption. at..3000.te..3100. cm=L;. cyclopropane has............
ACIENCY . ADSOUDLION . ...ttt ettt ettt ettt ettt
Method 2 . 22C.. NMR. . SPECLIOSCOPY...........ooeoeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e
Reason:. propene. has.. 3. carbon..environments.so. gives..3. peaks, two.of .them........
.at..110.ta.160. ppm..(C=C);. all. 3. carbons. in. cycloprapane. are. equivalent. .so......
JEGINES. QNG 1. PEAK. ...,
[4]

How many o and &t bonds are there in a propene molecule?
Number of ¢ bonds .......... - S Number of @ bonds .......... 1o [1]
Propene has a H-C—-H bond where the C atom forms a double bond.
What is the bond angle of this H—-C—H bond?

20 ettt ettt ettt [1]
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(c) Propene, C;Hg, can be made by cracking longer-chain hydrocarbons.

(i)

(ii)

Write the equation for the cracking of nonane to give two molecules of propene and one
other molecule.

CqHzo - 263H6 + CgHg []

What mass of propene (in kg) would be obtained from 15kg of nonane in the reaction
in (i) if the percentage yield was 85%7

M, CoHyp = 128.0; n(nonane) = 15 000 / 123.0 = 117 mol
n(propene) = 2 x 117 x 0.835 = 199 mol
mass = 199 x 42.0 / 1000 = 8.4 kg
mass of propene = ..3.4....... kg [2]

(d) Most of the propene that is manufactured is used to make the polymer poly(propene).

Draw the full structural formula of the repeating unit of poly(propene).

|
H H—T—H
|
¢ 4
| |

(e) Cyclohexene is another industrially important alkene.

(i) Explain how the enthalpy change of hydrogenation of cyclohexene is used to give

© OCR 2018

evidence for the bonding in the benzene molecule.

With. three.C=C. bonds. would. give..3.x.(=120) . =. 2360 kI .mal - The.......
.actual value. .for benzene..is..about..=208..k1.mol72, .much. less..exothermic...........

Lthan. 3. X that. . 0f .CYCIONEXCNC, ..o

.bonds;. it..is.more. stable. Cby.about . 150.. k1. .mal ). as. its.. T electrons.are.........

CARLOCANISEA. ... [3]
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Cyclohexene and benzene both react with bromine but in different ways.

Compare the two reactions and explain why they are different.

.Cyclohexene. reacts..rapidly. with. bromine. at..raom.. temperature,. decolaurising . the..orange..
bromine... This..is..electraphilic. addition,. CsHia. 4. .Bra. 2. CeH10BE, QINING.........c.o..
L,2aI000MQCYCIONCXANE. ...

.The..C=C. bond. is..a. localised. 1. bond. with. a..high. .electron. density, .which. polarises. Br,...

o XU A (L= o SRR

..Benzene. does..not. decolourise . hramine..at. xoom. temperature. . Jt. anly..reacts..whea............

.heated .under..reflux.with. a..halagen. carrier. catalyst. such. .as. Fe..or. FeBrs.. This..is.............

.electron..density. between. twa..C. atoms.is. Jawer. than.in..the. C=C. and. .cannot. palarise.....

..Bro,.the. halagen..carrier. .makes..a. stranger.electraphile, Br:.........cc.ocovveeeecoeeieeieeeeen
.Benzene. undergoes . substitution,. nat..addition,. because. .substitution. keeps..the..stable.......
.delocalised..ring, . whereas..additian. would. destroy..the. delocalisation.............................. [6]
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Why does human hair turn grey? Studies have shown that this is caused by lower levels of the
enzyme catalase in hair follicles. Catalase catalyses the breakdown of hydrogen peroxide as
shown in equation 3.1.
2H,0, — 2H,0 + O, Equation 3.1
When levels of hydrogen peroxide increase, the melanin (dye) in the hair is bleached.
(a) Catalase has an active site.
Explain how this results in faster decomposition of hydrogen peroxide.
The.active. site. has..a..shape.. camplementary. to..the. Ha02.molecule,. s0. H202. fits......
.and..binds.to. the. active. site,.forming..an.enzyme=substrate. complex...........................
.Bonds..in..H,0,..are. then. broken.more. easily:.the. reaction..has. an. alternative

route. with..a. lower_ activation. enthalpy,.Es. 0. more imolecules. can.react............... [3]

(b) Suggest the type of reaction by which hydrogen peroxide bleaches melanin.

.axidation..Credox):. HaQa. 0XidiSes. . ERQ.INQIAIIN............o.ovoeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees [1]
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(c)* Some students are given a solution of catalase and solutions of hydrogen peroxide of different
concentrations. They study the rate of reaction in equation 3.1.

They determine the relative initial rates of reaction at the different hydrogen peroxide
concentrations, using the volume of oxygen produced.

Suggest the procedure they follow, including how the students should process their results.
You may include a diagram as part of your answer.

vol 02
gas syringe (0, collected)
[ T 1 I LI I I I I LI I LI I I [I
{ | [ | /
II
1
/
II
II
/ tangent
water bath, 20 °C I/ at t = 0:
/ gradient =
initial rate
_______ H,0,(ag) + catalase »
time
.Pipette..25.0..cm>. of . 0.05..mol..dm=3..H20,.into..a. conical. flask..in. a..water. . bath..at..20..%...

Add.5.0.cm> . of .catalase. salution. from . a..syringe, . replace. the. bung. at..once.and. start..a....
.stopclock.. Callect.. the.Qa..in. a..gas. syringe.. Cor..over. water..in. a..measuring . cylinder)..and.....
record. the . xolume. exery. 10..5.£or. GROUL..2 IMINULES. ...........c.oceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee

.Repeat. for. each. concentration. from.0.10..ta..0.35.mal..dm=>, . keeping.the . volume . of ...........

.Divide.each..initial. rate. by. the. smallest.. rate.. (at..0.05.. mal. dm=2). to. give. the.relative........

7)1 =X
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(d) The students record their results as shown in the box below.

10

Units of concentration moldm™

Temperature: 20°C

Concentrations of hydrogen peroxide: 0.05 — 0.35 in 0.05 intervals.

Corresponding relative rates of reaction: 1.0; 2.1; 3.0; 3.8; 4.0; 4.1; 4.1

(i) Arrange the results in a more appropriate format.

[H,0,] / mol dm™3

relative rate

0.05
0.10
0.15
0.20
0.25
0.30
0.35

1.0
2.1
3.0
33
4.0
4.1
4.1

(ii) Use the grid below to plot a graph of the results and draw a line of best fit.

rate
N

relative

AN

0 0.05 0.10 0.15
[H20,]

© OCR 2018

0.20 0.25
/ mol dm™3
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0.30

0.35

[2]

[4]


https://stemup.co.uk

11

(e) Astudent says that the graph shows that the decomposition of hydrogen peroxide is first order
with respect to both the hydrogen peroxide concentration and the catalase concentration.

(i) Write the rate equation that would follow from the student’s statement.
Give the units of the rate constant.

Rate equation:  Rgte = k[H,0,][catalase]
Units of rate constant ..dm>..mol 2. 572 [2]
(ii) Explain why the student is incorrect and give the correct information.

.The.graph.is..a..straight. line. through.the..origin..anly.at. low..concentrations,......

I Do
At higher.concentrations. the.rate. levels. off .at. 4.1,.50..it. becomes. zero.............
.order.in.H202..Call.active. sites. are..occupied).. Catalase..concentration. was..........
kept.. constant,..so.there. is.na. evidence. £or. (k.00 ..........coooooeeeeeeeeeee, [3]

(f) Hydrogen peroxide concentration is often measured as ‘volume strength’.
1cm? of ‘1 volume’ hydrogen peroxide produces 1cm? of oxygen at RTP.

Calculate the ‘volume strength’ of the 0.35moldm™ hydrogen peroxide used by the students.
2H,0, — 2H,0 + O, Equation 3.1

Give your answer to an appropriate number of significant figures.

n(0,) = 0.35 / 2 = 0.175 mol per dm? of H,0,
volume of 0, = 0.175 x 24.0 = 4.2 dm? from 1 dm? of solution

so 1 em? gives 4.2 ecm?® of 0, at RTP (2 s.f.)

‘volume strength’ = .................. 42 .. volume [3]
(9) The students have 20.0cm? 0.35moldm™ H,0, and wish to make a 0.05moldm™3 solution.

How much water should they add?

total volume = 20.0 x 0.35 / 0.05 = 140 cm?

water to add = 140 — 20.0 = 120 cm’

volume of waterto add = .................. 120, cm?® [2]

© OCR 2018 Turn over
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The pH of human blood needs to be held within strict limits for good health.
The pH is controlled using buffer systems. One buffer system is based on the equilibrium in
equation 4.1.
CO,+H,0 = HCO; +H* Equation 4.1
(@) (i) Give the systematic name for HCO,™.
NYANQQENCATDONALE JON............oeoeeeeeeeeeeeeeeeeeeeeeeeee et [1]

(i) HCO;™ can act as either an acid or a base.

Give the formula of the conjugate base of HCO;"™.

(b) (i) Draw a ‘dot-and-cross’diagram for CO, and use it to name the shape of the molecule.

‘Dot-and-cross’ diagram:

o = 0 electron

e g X = C electron

Shape of molecule ... HCAL......................ccoeeeeeeeeeeeeeeeeeeeeeeeee e [2]
(i) A CO, molecule has no dipole.

A student says that this is because bonds between carbon and oxygen atoms are not

polar.

Discuss the student’s statement.

.The.student..is. wrong:.the..C=0. bonds..are. polar. because Q. is.more................
electronegative. than. ... CC0 200 Do
But..C05.is. linear..and. symmetrical,. so.. the. twa. bond. dipeles. are. equal..and........
.oppasite..and..cancel:.na..overall .dipale..................cooooooooioeeeeeeeeeeeeeeeeeeeee [2]

(c) Another student says that CO, will form only instantaneous dipole-induced dipole bonds with
water molecules.

Explain why this is incorrect.

.L05..can. also..form..hydrogen..bands. with..water. molecules...................cocooeveeeeeeeennn,
A.lone. pair..on..an. oxygen. atom..of . €Oz is..attracted. to. a0+ H..atom. of .a.water......

© OCR 2018
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(d) For the equilibrium in equation 4.1:

= w =7.9%10""moldm™3
a [CO,(aq)] '

(i) Asaturated solution of CO, at 298K has a concentration of 3.3 x 102moldm™3.

(ii)

(e) (i)

© OCR 2018

Calculate the pH of this solution.

[H] = WK, x [€0,]) = N7.9 x 107 x 3.3 x 1072)
=1.61 x 10°* mol dm™3

pH = —log(1.61 x 107*) = 3.79
PH= ..., 5 A [2]
Calculate the concentration of a solution of HC! that has the same pH as the solution

in (i).

HCl is fully dissociated, so [HCI] = [H*] = 1.61 x 107*

concentration = ... 1.61.X. 1074 ... moldm™ [1]

The pH of healthy human blood is 7.4.

Calculate the ratio of

3 in healthy human blood.
[CO,)

[H'] = 1074 = 3.98 x 10°% mol dm™3
[HCOs] / [€CO,] =K,/ [H] =79 x 107 / 398 x 1072
= 14.%

[HCO;
(€O, = 1K [2]
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(i) A patient’s blood has a pH below 7.4. A student says that HCO,™ needs to be added to
the patient’s blood.

Say, with reasons, whether the student is correct.

T QS 200 BGIAICD ...

Added .HCO3" reacts. with. 17, .maving. the. position. of .equilibrium.4.1. 1o the.....

left, . sa. .[H]. falls.and the. pH..increases. bhack towWards. 7.8.. ..., [2]

(f) Some students mix20cm3of5.0 x 10~3moldm™3HCIwith20cm30f 1.0 x 1072moldm™3NaOH.
Calculate the pH of the resulting solution.

n(HCl) = 20 x 5.0 x 1073/ 1000 = 1.0 x 10~ mol

n(NaOKH) = 20 x 1.0 x 1072 / 1000 = 2.0 x 10™* mol

NaOH remaining = 1.0 x 107* mol in 40 cm?

[OH™] = 1.0 x 107* x 1000 / 40 = 2.5 x 1072 mol dm™

[H*] =K, / [OH] = 1.00 x 107** / 2.5 x 107% = 4.0 x 107"
pH = —log(4.0 x 107'2) = 11.4

© OCR 2018
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5 This question concerns the pre-release article The Strange Story of Napoleon’s Wallpaper that is
included as an insert with this paper.

(@) One reason arsenic is poisonous because it reacts with —SH groups in amino acids.

Suggest how the removal of —SH groups might interfere with the way these amino acids form
proteins.

bridges),. sa. the. protein.cannot fold.into. its. correct. tertiary. structure................... [1]
(b) Arsenate(V) can replace phosphate(V) in nucleic acids.

Draw the skeletal formula of a DNA nucleotide containing thymine and with As instead of P.

0
| 0

0 —As—0 M
| )
0 0

OH [2]

(c) Write an equation for the reaction of a solution of As3* with hydrogen sulfide.
Show state symbols.

2As**(ag) + 3H,S(ag) - As,S3(s) + 6H*(ag) 2

(d) A Marsh test is carried out for arsenic in a sample of As,O,.

(i) Draw a labelled diagram of a suitable apparatus, showing the reactants and products.
silvery-black film of arsenic (As)

AsH3 + H,
I H, out
G heated glass tube
heat
O O O OO0
2inc + dilute sulfuric acid [3]
+ As,03 sample

(ii) Write equations for the formation and decomposition of arsine in the apparatus.

formation: As,03 + 6H, —» 2AsH3 + 3H,0

decomposition: 2AsH3; — 2As + 3H,
[2]

© OCR 2018 Turn over
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(e) The structure of Scheele’s green can be represented as Cu2+(AsOZOH)2‘.
(i) Suggest a ‘dot-and-cross’ diagram for the anion in Scheele’s green.

- o 2-

> e
()
X
>
(%)
X
()
> e
X

As electron

0 electron

X
.

H electron

o

extra electron
°0 (from 2— charge)

>

[2]

(ii) State which part of Scheele’s green is responsible for the green colour.
the CUE COPREICUD DO ... [1]

(f) State and explain the C—As—C bond angle in trimethylarsine.

.minimise.repulsion,..giving.a..tetrahedral . arrangement. of . pairs.. Cpyramidal..shape)......

The.lane. pair. repels.mare..than. the. bonding. pairs. (ane.. pair=hond. pair. xepulsion.......

(g) Summarise the evidence that Napoleon was killed by his wallpaper.
Arsenic. was..found . in..samples..of. .Napolean's. hair... A..scrap..of . wallpaper. fram. the. xoom.......
Where. he. died. was..green..and. non-destructive. tests..showed..it..contained. arsenic,. . from.......

.the.pigment.. Scheele's..Green. (COPREY..QLSENIEE ..o

. paisanous..arsenic. . vapaurs. (arsine,. .methyl. arsines). that..he. breathed..in...............c.c.c.c........

Such. wallpaper. had. poisoned..other. people..in. the. 19th. century. (Gosio's. diseasel............ [3]

END OF QUESTION PAPER
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ADDITIONAL ANSWER SPACE

If additional space is required, you should use the following lined page(s). The question number(s)
must be clearly shown in the margin(s).

© OCR 2018

stemup.co.uk


https://stemup.co.uk

© OCR 2018

stemup.co.uk


https://stemup.co.uk

© OCR 2018

stemup.co.uk


https://stemup.co.uk

OCR

Oxford Cambridge and RSA

Copyright Information

OCR is committed to seeking permission to reproduce all third-party content that it uses in its assessment materials. OCR has attempted to identify and contact all copyright holders
whose work is used in this paper. To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced in the OCR Copyright
Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download from our public website (www.ocr.org.uk) after the live examination series.

If OCR has unwittingly failed to correctly acknowledge or clear any third-party content in this assessment material, OCR will be happy to correct its mistake at the earliest possible
opportunity.

For queries or further information please contact the Copyright Team, First Floor, 9 Hills Road, Cambridge CB2 1GE.

OCR is part of the Cambridge Assessment Group; Cambridge Assessment is the brand name of University of Cambridge Local Examinations Syndicate (UCLES), which is itself a
department of the University of Cambridge.

© OCR 2018

stemup.co.uk


https://stemup.co.uk

