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SECTION A

You should spend a maximum of 25 minutes on this section.
Answer all the questions.

Write your answer to each question in the box provided.

A compound has a high melting point and does not conduct electricity when solid or molten.

What is the structure of the compound?
A  Giant covalent network

B Giantionic

C Giant metallic

D Simple molecular

Your answer | A

Which statement is correct for the properties of strontium hydroxide?
A It does not react with dilute acids.

B Itis alkaline in solution.

C Itis more soluble than barium hydroxide.

D It reacts with water to form strontium oxide.

Your answer | B

© OCR 2021

stemup.co.uk

[1]

[1]


https://stemup.co.uk

3

Which expression is the definition of atom economy?

amount (mol) of desired product

x 100

A total amount (mol) of products x 100
mass of desired product

B total mass of reactants * 100

c relative formula mass of desired product
sum of relative formula masses of all reactants
total mass of reactants

D x 100

Your answer

total mass of products

C

[1

A chemical company is looking for a new ‘greener’ process.

Which feature of the new process, compared with the old one, would the company choose?

A It has more reaction steps.

B It produces more waste products.

C It uses catalysts that are more selective.

D It uses more organic solvents.

Your answer

C

[1]

What is the formula of chromium(III) oxide?

A Cr;0
B Cry0,
C Cr)0,
D CrO,

Your answer

© OCR 2021
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Which statement is correct for an endothermic reaction?

A Heatis given out.

B More bonds are made than broken.

C More energy is taken in to break bonds than is given out in making bonds.

D The reaction has a negative activation enthalpy.

Your answer | [1]

How many o and « bonds are there in a molecule of propene, CH,CH=CH,?

O T

A 1 2

B 6 2

C 7 1

D 8 1
Your answer | D [1]

The overall equation for the electrolysis of aqueous chlorides to make chlorine is given below.

2Cl(aq) + 2H,0(l) = Cl,(g) + 20H™(aq) + Hx(9)

Which statement is correct for this process?

A Chloride ions are reduced.

B Chlorine is produced at the negative electrode.

C Hydrogen atoms in water are reduced.

D The pH does not change as the reaction proceeds.

Your answer | C [1]
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9  Which statement about the action of concentrated acids on halides is correct?

A Chlorides form HCI and H,S when reacted with sulfuric acid.

B HBr can be prepared by the action of phosphoric acid on a bromide.

C lodides do not react with phosphoric acid.

D lodides form only HI and SO, when reacted with sulfuric acid.

Your answer | B [1]
10 What volume of CO, (measured at RTP) is formed when 0.10 mol of Na,CO, reacts with excess

hydrochloric acid?

A 24cmd

B 4.8cm?

C 2400cmd

D 4800cm3

Your answer | [1]
11 The bond between carbon and chlorine can be represented as C>*— CI5-.

Which statement is correct?

A  All compounds containing C — Cl bonds have
permanent dipole — permanent dipole bonds.
B Carbon is more electronegative than chlorine.
C Electrons are evenly distributed in the C — Cl bond.
D The C-F bond is more polar than C — CL.
Your answer ? [1]
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A

B

Cc

D

Your

t is a correct property of a phenol?

It fizzes with sodium carbonate solution.

It is neutralised by sodium hydroxide.

It reacts with carboxylic acids to form esters.

It reacts with iron(IIT) chloride to form a brown colour.

answer | B

13 Which statement about recrystallisation is correct?

A

B

Cc

D

Your

Insoluble impurities remain until the end.
Soluble impurities are filtered off at the start.

The crystals formed at the end are filtered off.

The solid must be equally soluble in the solvent at all temperatures.

answer | C

14 Boron has electron configuration 1s22s22p’.

Which statement is correct for a boron atom?

A

Your

© OCR 2021

Each s-orbital contains 1 electron.
It has three sub-shells that contain electrons.
It has three unpaired electrons.

It has two orbitals.

answer | B
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15 Which row matches the correct systematic name and formula?

7

Formula Systematic Name
A CuO copper(I) oxide
B HNO, nitric(V) acid
C PbO, lead(IV) oxide
D NaClIO sodium chlorate(II)

Your answer | C

16 Vm? of a gas weighs mg at a pressure pPa.

What is the M, of the gas?

A

D

Your answer | A
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17 Methane reacts with oxygen as shown below.

CH, + 20, = CO, + 2H,0

In several experiments, 10cm? of methane is completely reacted with 20 cm3 of oxygen.

The temperature and pressure remain the same throughout each experiment.

Which statement is correct for these experiments?

A

B

Cc

D

Your answer |

10cm? of oxygen remain after reaction.
30cm? of carbon dioxide are formed.
The volume does not change if the temperature is above 100 °C.

The volume halves if the temperature is below 100 °C.

18 Which compound has the highest boiling point?

A

B

Cc

D

Your answer | B

CH,CH,OH
CH,COOH
CH,CHO

CH,OCH,

19 A sample of air contains 0.0367% CO, and 1.8 ppm of CH,.

What is the correct ratio of CO, to CH, in the sample of air (to 1 significant figure)?

A

B

Cc

D

Your answer | D

0.005:1

0.02:1

20:1

200:1
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9

Compound Homologous series
A CH,COOCH, ester
B CgH5OH alcohol
C CH,OCH, acid anhydride
D CH,CHO acid

Your answer | A

© OCR 2021
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SECTION B

Answer all the questions.
21 Chemists compare the chemistry of calcium and barium.
(@) (i) Why is it valid for chemists to compare the chemistry of calcium and barium?
Both.are.in. Group. 2,..s0.they. have.the..same. .number.of. .outer=shell..................
T €7 [1]
(ii) How does the first ionisation enthalpy of calcium compare with that of barium?
Give a reason for your answer.

.Calcium's. is. qreater:. its.outer. electrons.are.closer. to.the nucleus..(ess...........

(iii) Barium and calcium both react with water.
Complete the equation for the reaction of barium with water.
Ba(s) + 2..H,O() = Ba(0H),(ag) + H,(3) 2

(b) Barium sulfate, BaSO,, is used as a ‘barium meal’. People swallow this so that the contents
of their gut will show up better under X-rays.

(i) The high M, of BaSO, makes it absorb X-rays well, compared with CaSO,.
Give the M, values of CaSO, and BaSO,.

CaSO, ........ 136.2 e, BaSO, ......... 2334 e, [1]

(i) Barium salts are toxic but BaSO, is insoluble and this is why BaSO, can be used as a
barium meal.

The insolubility of barium sulfate is used as a test in qualitative analysis.

State what the test identifies, how the test is carried out and what is observed.

Wt identifies. sulfate..ions,. SQ4%,..Add dilute. HC,. then. barium..chloride............

© OCR 2021

stemup.co.uk


https://stemup.co.uk

11

(c) Barium carbonate decomposes when heated. A student says that it decomposes more readily
than calcium carbonate because the Ba2* ion is larger than the Ca2* ion and therefore not so
strongly attracted to the CO32‘ ion.

Which part(s) of the student’s statement is/are correct? Give the correct chemistry for the
incorrect part(s).

.Correct: the. Ba?" ion..is.Jarger. than. the. CaZt ioMu. ..o
Incorrect:.Bal0s..does. not. decompose..mare..readily,..it. has.a..higher. thermal............
.stability..than..CalQs,..50.1t. needs..a. higher. temperature...............ccccovceeeveeveeeeeee,
.Ba?! has.the. same..charge. but..a.larger.size,. sa..it. has.a.smaller. charge................
AONSIEY. ENAN. . CAZT ...
.S0..Ba% distarts. (polarises)..the. carbonate. ion. less, . weakening..its..C=0...................
bonds. less,..s0.BaCQz.is. harder. 10.0ecompase..................c.cooooeeeeeeeeeeeeeeeeeeeeee
.............................................................................................................................................. [4]
© 0CR 2021 Turn over

stemup.co.uk


https://stemup.co.uk

12

22 Phenyl ethanoate is used to flavour sweets.
A group of students make phenyl ethanoate.

The students dissolve 15g of phenol in sodium hydroxide, cool with ice and add 24 g of ethanoic
anhydride.

(@) The reaction is:

CeHsOH  + (CH,CO),0 —> CgH;OCOCH,; + CH,COOH Equation 22.1
phenol ethanoic anhydride phenyl ethanoate  ethanoic acid

(i) Draw the skeletal formula for phenyl ethanoate.

1O

(ii) Which reagent is in excess?

Show your calculations.
M, phenol, CcHsOH = 94.0;, M, (CH3C0),0 = 102.0

amount phenol = 15 / 94.0 = 0.16 mol
amount ethanoic anhydride = 24 [/ 102.0 = 0.24 mol

1 : 1 ratio, and 0.24 > 0.16, so the anhydride is in excess

(b) After some other purification stages, the students end up with phenyl ethanoate (boiling point
196 °C) dissolved in a liquid of boiling point 170°C.

Name the separation process they use to produce pure phenyl ethanoate.

XACEIQNALQISEINALION. ...ttt eeee e [1]
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(c) The mass spectrum of phenol is shown below.

100

80+

60-

intensity / %

40+

204

(d) CgHsOH + (CH,C0),0 —> C4H,OCOCH, + CH,COOH

Equation 22.1

An infrared spectrum of one of the compounds in equation 22.1 is shown below.

100

transmittance /% 950

o 1
4000 3000 2000 1500
wavenumber/cm™

1000 500

Identify the compound, giving reasons, including wavenumbers of peaks.

The. compound..is. ethanoic. Acith . CH2CO0H ..o

Strong. peak.at.about.1710. cm2. . (1700.t0.1725. cm™2):. =0 bond.........................

Very..broad..peak..at.about. 3000..cm™"..(2500..t0..3300.cm™2):. 0=t bond.in..a..........

CANDOXYLIC ACIT. ..ottt

Bhenal..has..na.C=Q,..and..the. ester.and. anhydride. have . no.0=H,..s0. it.must............

DEANC ACIA..........o.ooeeeeeeeeeeeeeeeeeeeeeee e [3]
Turn over

© OCR 2021

stemup.co.uk


https://stemup.co.uk

14

23 Scientists study the atomic emission spectrum of the Sun to find out about its composition.

(a) Describe the appearance of an atomic emission spectrum and explain how such a spectrum
is caused.

The.spectrum..is.a..series. of bright,.coloured. lines.on.a.dark Chlacko..........................
background;. the. lines.get. closer. together.at. higher. freguency.........ooooveevecveenin...
Electrons..in..atoms..occupy. fixed energy. levels. (shells). When. atoms. are.................

-excited..(e.g...heated), . electrons. are. promoted. to higher. Jevels....................ccoo.cco........

The. electrons. then..fall back .to.lower. energy. levels..and.emit. the.energy.as...........

Jight..Ca. photon).. of a.particUlar. freqUency. ..o,

The..freguency. is..proportional..to.the. energy..change. hetween. levels, AE..=............

v,.$0..00C0 . JINE. JS..0NC. FIQUSIEIQN...........o.ooeeoeoeeeeeeeeeeeeeeeeeeee e

(b) Helium was discovered from its line in the emission spectrum of the Sun at 588 nm.

(i) Calculate the frequency of this line. (1nm =1 x 10~°m)
Give your answer to an appropriate number of significant figures.

v=c/A=300x 10%/ (588 x 107°)

= 5,102 x 10* Hz, so 5.10 x 10** Hz (3 s.f.)

frequency = ........ 5.10.x.10% ..o Hz [3]

(i) Another line has a frequency of 5.00 x 10" Hz.

Calculate the electron energy change corresponding to this frequency and give its units.

E=hv =663x 103 x 5.00 x 10**

=332x101*7

© OCR 2021
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(iii) The line in part (b)(ii) is in the visible region of the spectrum. Name a region of the
electromagnetic spectrum that has less energy associated with it.

BFEAYEAL IR, ..ottt ettt et n e [1]

(c) Complete Table 23.1 for atoms of the isotopes of helium.

3He 4He
atomic number 2 2
number of electrons 2 2
number of neutrons 1 2
mass number 3 4
[2]
Table 23.1
(d) Titanium is another element formed by nuclear fusion.
(i) Table 23.2 shows the stable isotopes of titanium and their abundances.

Isotope 46Tj ATTi 48Tj 49Tj 507Tj
Percentage 8.25 7.44 73.72 5.41 5.18
abundance

Table 23.2
Calculate the relative atomic mass of titanium from these data.
Give your answer to 2 decimal places.
A, = [(46 x 8.25) + (47 x 7.44) + (48 x 73.72)
+ (49 x 5.41) + (50 x 5.18)] / 100

= (379.50 + 349.68 + 353856 + 265.09 + 259.00) / 100
= 4791.83 / 100 = 47.92

relative atomic mass = ................ L4792 i [2]

(ii) Complete the electron configuration of titanium.
1822822P5382 306302482 ....ooooooooeeeeeeeeeeeeeeeeeeeeeee e 1]
© OCR 2021 Turn over
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24 Scientists have experimented with adding butan-1-ol to diesel fuel to try to get more power from
the fuel and to reduce pollutants.

Some of their results are shown below.

15% butan-1-ol/diesel mixture compared with pure diesel

Low weight on vehicle

High weight on vehicle

NOX emissions

Power per volume of fuel more power more power
CO emissions little difference less CO
little difference more NOX

(@) (i) Apart from giving more power, give one other advantage of adding butan-1-ol to diesel
and explain why this is important.

.Less. carbon. monaxide. (CO)..is..emitted when. the vehicle..carries..a. high.........

AWBIQIL s ...,

-haemoglobin.and. reduces..axygen. transport..in. the. blood.....................c............ [2]

(i) Explain how NO, is formed in a vehicle engine.

Nitrogen..and..oxygen. from. the. air. drawn..into.the. engine. react. together..........

.at.the. high..temperature. .of..the.engine:

Na.#.02.22.2NQ, .and NQO..can. then.. react. with..more. 0> .to. form. . NOy..........

© OCR 2021
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(b) Some students measure A_H for butan-1-ol.
They use a spirit burner and a beaker of water.

(i) Complete a labelled diagram of their apparatus.

thermometer

| beaker

[——— water line

—— water

spirit burner containing butan-1-ol
[2]

(ii) The students find that the combustion of 2.5g of butan-1-ol raises the temperature of
200cm? of water by 52°C.

Calculate their value for A_H for butan-1-ol, C,H,OH(l).

energy = m ¢ AT = 200 x 418 x 52 = 43 472 J = 4347 ki
M, C.HoOH = 74.0

amount = 2.5 / 74.0 = 0.0338 wmol

AH = -43.47 / 0.0338 = —1287 kI mol™

= —=1290 kJ mol™ (combustion is exothermic, so negative)

AHZ oozl 2900 e, kJmol~' [3]

© OCR 2021
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(c) (i) Use the data below to complete a Hess cycle and calculate A H® for butan-1-ol,

C,HgOH().
Substance AH®/kJ mol~!
C,HOH(1) 327
CO,(g) 394
H,O(1) 286
C,H,OH + 60, > 4CO, + 5H,0
H CO
AH CaHoOH Al €O
+ 5AH H,0

4C + 5H, + 640,

AH = AAH(CO,) + SAH(HL0) — AH(C,HoOH)

= (4 x -394) + (5 x =286) — (-327) = =2679 kI mol™

AHO= 2679 e kdmol-' [2]

(ii) Suggest one reason why the answers to parts (b)(ii) and (c)(i) are not the same.

Heat losses. ta..the. surroundings. (not..all. the. energy. released. heats. the

SWBECI ...ttt ettt ettt [1]

(d) Butan-1-ol reacts with carboxylic acids to form esters in the presence of concentrated sulfuric
acid.

Complete the equation for the formation of the ester and another product below.

C,HyOH + CH;COOH —> ¢,H,0COCH; + H,0
[2]

END OF QUESTION PAPER
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