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Answer all the questions.

1 Calcium carbonate reacts with excess hydrochloric acid to make carbon dioxide.

Here is the apparatus Jack uses fo investigate the reaction.

b

gas syringe

calcium .carbonate and

. hydrochloric acid
NS / '

R
B

" Qap
e
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~ stop watch

Jack records the volume of carbon dioxide made-every 200 seconds. " -

Here is a graph of his results. .7 -

20

15 1/

volume (eni®) y

5%

N
IixzEn

time (s)

0+ et : :
0 200 400 600 800 1000 1200 1400

(a) Use the graph to calculate the rate of reaction over the first 100s.

W Yol

451002 0.0 Thug
Rate = VN/GOq .......
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3
(b) Amaya wants to repeat Jack’s experiment.

She uses the same mass of calcium carbonate.

She uses the same volume and concentration of hydrochloric acid.

Which two other factors does she need to keep the same?

(c) Jack repeats his experiment with more concentrated hydrochioric acid.

He keeps-all other factors the same. The rate. of reaction is faster.

Explain why:

Write about particles in your answer.

~onoladele. R 0 o Tlars mRans. ha k. Jecans e aase. are. . aaole...........

Sutce sl
OSINCAR S ML CAUTSLO0S... Con DELM L. RETNTRTR. SO MR b E( S.......... [2]
ﬁa_ sVe_{‘
(d) 0.10g of calcium carbonate makes 24 cm? of carbon.dioxide.
Jack uses 0.070 g-of calciim-carbonate.
7 0070g ! | wass Vol
What volume of carbon dioxide does he make? " Lu
R o (
Give your answer fo 2 significant figures. - CONC v Ve {

0."0 =3 0.03F0 ‘.

L@ OCR 2018
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Volume = 6% ‘ Jcnﬁ [31
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2 Fizzy water can be found naturally.

The water is fizzy because it contains dissolved..carbon dioxide gas. The carbon dioxide comes
from the decomposition of rocks that contain carbonate compounds.

One compound found in rocks is magnesium carbonate.

Ali investigates thé decomposition of magnesium carbonate by heating a smail amount in a test
tube. This is the equation for the reaction.

MgCQ,(s) —> MgO(s) + CO,(q)

(a) Ali weighs the test tube before and:after .heating.
The mass of the test tube after heating is-less.
Ali says that this means the law of conservation of mass is not correct.
Explain why Ali is wrong.

Serm - Wi it MaCO5 was. heaked. 16 sepont ko s g0 nachs...

C0a \ose vato
M. @@zﬁi....&rbomdmxtd&..ti...m ..... AN CIIEN (S SO N 20 S O
30, J0 wowd., a0, Wge mas.. o 055 10 eSS, ouds. i, 120y Ao, [2]

1S becos e W cothon dioxide 48S MSAG\LSS\‘PcLMtD ey swaumu 5

(b) Calculate the atom economy-for the production.of carbon dioxide in:this reaction,s
mass of atoms in desired product __; - '

. = il 0,
Use the formula: atom econ'grrpnx\ total mass of ators in reactants M?OA) )

-

Give your answer to 1 dscimal place. Ll : .

COq = 30410 = b4

I\I\_SCO3 - F4.3 ALOM ECONOMY = e reeveimererimeesrresesemeeressosonns % [4]
- 9.
B4 . .
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(c) Intheary, 42.0g of MgCO; loses 22.0g of carbon dioxide when it completely decomposes.

Ali‘heats-4.2g of MgCO,.

(i) Calculate the mass of carbon dioxide lost when 4.2 g of MgCO,4 completely decomposes.

(iiy InAli's experiment, the mass of carbon dioxide lostis 1.89.

Calculate the percentage yield of carbon dioxide in Ali’s experiment.

acmal 8§ 2.1
, ccal - .
Wezores - 0 .81
2% 2
Percentage.yield = ............ %(L ........................... % [1]

(d) Magnesium oxide, MgQ, is an ionic compound.

Draw a ‘dot and cross’ diagram for the ions in magnesium oxide.

Show the outer electron shells only.

Ly

nd

[2]
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3  The table showsthe properties of three polymers.

Polymer Relative breaking Flexibility Temperature at which |
strength _ it softens (°C)
A very high | - fairly flexible 250
B low very flexible ' 70 ]
c fairly low tiff 150

(a) Afirm wants to make cups to hold boiling water.

Discuss the suitability of each polymer.

A ould et suiko 0. 05 e, Yz S0, NS Nna. e ok
Wtk <5 I Yhow WakRsl \aatlu‘s g ovﬁmﬁ Qﬂﬁ %

e T T T o T T A T T Y, T o T g

L2000 16 o 0. N30 Wy, 000 : ...b.txte.ms.m.-...g.u,b..{.r...\.él ..................
..m.r..l.\j..V.Lﬁgm.\.o..\&...v.\{‘/u;c,\,x.szac\.......L.Aﬁm‘al.e,..?@.t..m&d&.ﬁg_m.kswok.z...ﬁ...i.s..&.k....... f
Shitalole. A8 0. S0e ey Voag ol TOC. 08 1en8 Mg e boshag...... &
19000 AWAIRE, 100,y 5.0, Was ... K. 3 tear. (ool 3 :

{b) Which of polymers A, B and C, has the weakest intermolecular forces? ¢
Give a reason for your answer. f
Polymer .............. B J c
Reason ...hoWesk...S GWQJW\tl Y‘?.AA{ ............. S L ARES. WSS, ALY E
0.tk SRS S S N ¢
21§

(c) Polymer A is an addition polymer. E
Draw the structure of the monomer that forms polymer A. | [1] :
Repeating unit of polymer A ‘ Structure of monomer ;

L b ﬁ

c—c C=cC a

[ ] N :
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4 The percentage:of oxygen gas.in the Earth’s atmosphere has generally increased over time.

This graph shows the percentage oxygen concentration in the Earth’s atmosphere over the last
4 billion years.

35
30
I3
25 it
N 'I 1)
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oxygen I
concentration 15 The Great I
Oxyg:epgtioh RN
10 - Event
5 : i
0 > 0
4 3 2 1 0
today

billion years ago

(@) (i) Describe how the oxygen content of the Earth’s atmosphere has changed during the last
four billion years.

.Emw.\....f‘.’...lb.(\\.\‘.oex,..ea..mM..'l:.S...bi.l].\‘.o.n....%M..%Q..Wm.m&k‘&.......
.Mm-.se...m..o.x.\mm..qhu;w;x.m...@m.ax%gmﬁm...@.rmz:.:......
Wmm&wcoﬁwmwmuﬁmmmmm 2]

sy (A oy b reLk
A A0S OOV R o T ot & biliion YT aao v
(i) The concentration of oxygeﬂ%grja‘%sed from two biflion years ago to today.k® ;;‘7' oy

-

By what factor has it increased?

\ ‘ FACIOr = ovvveereeeeerei b, [1]

{iii} Explain what caused the sudden increase in oxygen concentration 2.5 billion years ago
and explain why the concentration did not continue to rise.

.ﬂ.mks..d&mlueutia..m.um...mm:.\..m..cthm@..m..pm.cos‘i.mme/
WL fRheased. o xuqends. a. prodmek. The. CO0%. didaE. ase....

.\.ﬂ?.e,gmm...M..m,ﬂm...-gl.m....mau.m..§0..m§..bm,¢..m.8m ............... [2]
Awouns e phile
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{b) tiron. pyrites inrocks was oxidised to.compounds like iron(Ill) sulfate by the oxygen in the early

atmosphere.

Complete the balanced chemical equation for this reaction.

B2 Fes,

1.¥e
kS

I——@ QCR 2018

3.0, =  Fe,s0,), + SO,
T K g\4
"
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9 I
carries out an investigation of the ‘halogens.

Ling reacts some chlorine solution witha solution-of potassium bromide.

The solution turns brown. - CL o+ RGO &CL X80
Explain why. e
Include an ienic equation in your answer,
........ Clap b K600 KCL’\“‘{’ME;QWCU\,LO:\M ploetd Mae......
brongas. ia. W& (omss\, Q.. b%?m,, 25565500008 480 SN S

TS AR VL., brondne YO0, ‘..

. SOLINOA. RLOMANL IS, ... ROTSA
\\demmwsamwimmwm%m ...................... I3]
Ling sees that the element astating, At, is below iodine in Group 7.

She makes some predictions about astatine.

Which predictions about astatine are correct?

Tick (V') two boxes.

Astatine is white.

Astatine is a gas.

Astatine reacts with sodium to form NaAt.

N

Astatine is less reactive than iodine. V4

[1l
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6  Nanoparticles of cerium oxide, CeO,, are added to diesel fuel.
They act as a catalyst forthe combustion of the fuel.
{a) Describe a property of nanoparticles that makes them good catalysts.

.M...Mm..a....\M%g....u.a&m.m...%...ucﬁm&.m..ﬁmg.- ............................

R R D N Y LI L L

{b) The addition of nanoparticles allows more.complete combustion.of the fuel.

Kai talks about nanoparticles in dieset fuel.

Using nanoparticles in diesel
fuel benefits people’s health.

Evaluate Kai’s statement.
In your-answer give arguments for and against the use of nanoparticles.

Cosaghere. combusinno.. K. cleanss. eornlod connpaissh.. 0. insamplote. ..

and
DAOAORS. AL IS, codloan.. ALoxid e S JUSE. fro. At 58, N0 SE.
Wag. Thrs 15 ve kver fnf . aud. haodMa... hELAMSE... COrnan . manOride S,

fais0nons..ond. packs Wmmrsu\bmwm&fm\a\ms [3]
Such s as - Howeves noao podicles howe Uae aloilivy €0
e We brood. séreann . Tk e AanOparhel 25 LScapr kD Vhe
Onr M (WA be § € goss 1axd VAL bload stRosn
Oadh {RE7ED ne brpin, - Nmemu 05 e egwhy rRo.clive waweh

6V  head Un.. ’ T d

Taconatus toa Z MR Uals Un | fleelliicod of Ve nowap ochicles
eScaping 1€ quafR 10w go T ik Mok e banelves 3b cleanss
bumw:s owswrrgn Maa costg.
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(¢} CeO, contains O ions. '

Explain how the formtita shows that Ce is present as Ce** ions.

BELOUSR. Mrare. o000, Do, Toas. M. S50 T ghege. waccla. 48
AenkpAisad. by 0 T chaugR 0 L e C 8ot [1]

(d) A nanoparticle has.a volume of 8 x 1027 m,
Amolecule has a-volume of 4 x 1020m. S paafle ¢

Estimate how many moles of this mol‘ecule there are in the nanoparticle.

gY\0 T > ux\ 20 = w@%ﬁ

‘Number of molés = .....ic.veee PaaTo N & N mol [3]
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7  This is.an equation for a reaction that occurs in a lightning flash.
Lwstes L wmoles
IN, +10, = 2NO

[ONONoNaNaYONONeN

e e He(

epspeyozaNenepeyegora o e oN0s e oo XORO SN HCH@NONCLOAeHOKOR CNOXOYS KON e NOHOK @ KOUSHOYOHOHONCHOHO KON QN ONCK L SR OGN N O e)

Very high temperatures are needed.

(a) (i) Explain how you can tell that this equation refers to an equilibrium.

Bounse. Vsl is. VWL T SuladPo | uducia. mm.t\s.;..m...mmn_c\[ﬂ
15 Rassible whwch e fore Was on oguililny
(iiy Use ideas about rates to explain what is happening when the reactlon reaches dynamic
equilibrium,

Wme;a&mhmw&%\mamcmwmm SM 30,
.. QL. Q000K 0L .‘fzf.dt‘a\.kmt'.b...M..Mmkm&&f&..ﬂ'&.h&.il.\.ﬁ..f?.m.oiu&m\..... [2]

(b) Scientists can use this reaction to make nitrogén compounds from gases in the air.

Suggest a use’ for these compounds.

e 000 A CARON. 01 ARAREEARE NTES L LT
CHNO )

The scientists discuss increasing the pressure on the reaction.

Describe and explain the effect on the equilibrium position.

.]I@m..\w.md_..lq&.xxo...@MW..M...t.s..%..Wuu;m.q&.

lm!@srgfmmwmdeWo_ﬁmwxsPﬂ:ssw&

...... ol sjlrwaucs e p20. Lt WAL, 1ASY. Mdl 8. Ak T Vag e, 2]

Won Wy 16 youwld Wake_ ng dl(=rente .
(c) There are several ways of making nitrogen compounds from nitrogen gas in industry.

‘Give two reasons why scientists may choose this reaction and one against.

Reason for ..ﬁfﬂ.mes....M..%.&%MN.S..&..%M.% ........................................................
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MAOg +C = MWD+ CO —I
13
Manganese is a metallic element.

(a) Manganese is made by heating manganese oxide, MnO,, with carbon.
Carbon moenoxide is also formed.
(i) Write a balanced chemical equation for this reaction.

Include state symbols in your equation.

(ii) Explain why carbon can be used to extract manganese from its.compounds.
Use ideas about.reactivity and reduction in your answer..
&
Lochan.is. highe s in. e 100 SRR LS. o ONGANLSS.......
S tls .s..m\a\a..ku...ﬂm.a%mwmm 2... h\s 2 0PV T —
A Lmns.. oned. ohedons, SU.... MO S, S oo pladn....... [2]
i\M,\{\gm(\ g5 & WD
(b} Explain how the-atoms are held together in a metal.
Refer to this diagram in your answer.

fostkue
To Viar diogmmon. god. 620, 3% 0., mﬁm....s.mmm Q. momi%
Thea 0%, A8 Se. 00, dhedacalised.. U&W\& as. b e mekad.........

SEBtAS GINE. VP UNISE. 2Ae cocaos... 0. FAL00. AKS. 524 AS. B (oS UL ...

atel
.Mesz:m..m...mm.m%m ........ REOAGIU A4S, AR 1S, 0 S EO00 3]
gleceroStoine %‘&C\MM\ LLINRIA- g poSTIAVR Wt VRt angh

Ve M.ﬂa,l&\l-? CrgnS -
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Jane has a sample of a white powder, compound A.
(@) Jane carries out a fiame test on compound A and sees a lilac flame.

What can Jane conclude about compound A?

(b) Jane looks at the emission spectrum of compound A.

(i) Describe what an.emissicn spectrum looks. like.
eu\u\m'_

....... m&zﬁm"mmsfam 0. e Pyu){/
W:meovwi .................................. [2]

{ti) Describe how Jane could use the spectrum to confirm her answer to (a).

QPWM\,S N Y LOKTSST ook 502, §F. Mrw.ﬁ PORECI . [1]
(c) Jane has a solution of compound B, sodium sulfate, Ql\ia2804.
=

She adds acidified barium chloride solution, Balefo a solution of compound B.

() What does she see when she does this?

...................................................................................................................................... 11

(i} Write a balanced chemical equation for the reaction that occurs..
ngSOqu%L1’3LNO\CL*“E’;MO ......................... e 121
- - :

& UM A
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10 Hydrogen for use as a fuel can be made by the electrolysis of water. 503
(a) Which statements about the eiectrolysis of water are correci? EE

Ticks (v") two boxes. %

G

The equation for the formation of hydrogen gas is 2H* + 2e~ —> H. %

Hydrogen is produced at the cathode. V4 g

Water contains H* and OH~ ions. vl w Z(g

Hydrogén ions are oxidised. ' g

1]
(b) This is an equation for the overall reaction that happens when water is electrolysed.

. 2H-0O-H — 2H-H + 0=0

Bond Energy change (kJ/mol)

H-H 434

0=0 . 498 |
0-H 464

Use data in the table to calculaie the energy needed. to break and make bonds during the
reaction. '

XoJagjoloXelofoloYefoHofeEe o e oo O I YO)

Use your answers to calculate the energy change of the reaction.

In-o-vt —> gay-vi, ¥ 0 =0 S t——3 g
H-0= 464 M-~ H3¥ |
wot w2z 02% | ABHAET §6b 00 = U499
%922z 1856 |

g% T %= 1366

oo CHORORORORONONCYSHOUCOXONCKS)

- = ke
[$56- 1366 = ®10 Energy change = ...t 0. 40 ki/mol [3]

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

o&"
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(c) Complete the reaction profile for. the electrolysis of water.
Use these words to labél the reaction profile.

hydrogen oxygen water activation energy

energy

S

A4

progress of the reaction

[3]

I—©OCR2018 Turn over ___I
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11 Aluminium is made by the electrolysis of molten aluminium oxide.

@

carbon ancdes

- e

carbon cathode ~ molten

—— aluminium
oxide

molten aluminium
collects at the bottom

(@) The ions present in molten aluminium oxide are Al%* and 02~

Write half-equations for the formation of aluminium and oxygen in the electrolysis cell.

(b) Aluminium oxide does not conduct electricity when it is solid.
It conducts electricity when it is molten. |
Explain why.
.Ps&..ﬁn..S.'.‘.J.l.\'.(k.r..WLSt.-...i.d.t\.:?..Mx&i%&.%iwmigﬁig...\(L!CS!.\:.Ciil...S.Q.M!M..Lj .....
Connok. MNONE. MoWRNEL. whan Tk, 15, nal e, . Aans.. a8 a0 .
\QHURK%MMW%MGRMQWLQMLW&CK [3]

Prodaeds a Current. Q/

T T T

OHONORONONGK O]

g

[T ;
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@ This Is an equation for the overall reaction in the electrolysis cell.
2ALO,; —> 4Al + 30,
1.0kg of aluminium is made in the cell.

Calculate the volume of oxygen (in dm? at room.temperature and pressure) that is made.

Assume one mole of gas has a volurme of 24 dm? at rodm temperature and.pressure.

Q\P\L,_O% -7 H—AL-{—goq_ ‘ \1011
aRD 7 sy 0 mol Y
oSS g 11000 o ' : oSS
169 Y D we
e 2. F 3
ol 1000+ 33.03% g/dm® Froee- 71000
7~ - 0.03 % pag) /A’
R A .
0.03F ¥ 4= Tpg m?as ot 0% ygen

. - 0L+ mal/
o * 30 *

G-0 2:.5 * B ‘).L&WG,);M:‘

L morer |
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12 Sulfuric acid is used in car batteries.
Mia has a sample of car battery acid that is diluted to T%ﬁ of its original concentration.
She measures the concentration of this acid by titration.
(a) This equation shows what happens when pure sulfuric acid is mixed with-water.
H,S0,() —> 2H*(aq) + SO,*(aq)
Explain how this equation shows that sulfuric acid-is a strong acid.

...B.Lcm.%....M..MQ,SG..;;...MA...oLLs.%Sﬁdm&ek....\".!t;...ig.(x@ ..............................
CQM()!Q,\"‘L\K .......................... W ................................... [11
(b) Mia does a fitration.
She puts the sulfuric acid in a burette.
She measures out 25.0cm? of 0.100mol/dm?3 NaOH.
{) She wants to measure the 25.0cm?® of NaOH as accurately as possible.
Which piece of apparatus should Mia use?

Put a around the correct answer.

conical flask 100 em® measuring cylinder volumedtric pipette volumetric flask

1]
v

e fera e oY sONOTaRD

()

L ... | _
IO 0 ;
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{ii) Calculate the number of moles-in 25.0 cm?3 of 0:100 mol/dm® NaOH.
Use the equation: concentration. (mol/dm?3) = number.of moles:of solute. +volume (dm?)
25 = \YooO W.O‘LS dhen S males = CoAac x velione
6.100 mol /omn® |
0.09S X 0-'(@0@2.5 x 10"

3

2.Sx\

Number of moles = ... W ‘mol [3]

(iii) This is an equation for sulfuric acid reacting with NaOH.

2NaOH + H,80, ~> Na,80, + 2H,0
volunnl
Mia-finds that 24.6cm?® of H,SO, reacts exactly with the NaOH.
0.0 U5 A3
Calculate the concentration of the sulfuric acidin the burette in mol/dm?.

Use the equation: concentration (mol/dm?®) = number-of moles of solute + volume (dm?3)

0.0%0 45
Give your answer fo 2 significant figures. o

LNeoH +rged04 7N 304 + 24,0
o.M 0 4 o ot

N L0 cm%l
noss  do 4o 0.5 = 0- 0245 o S

. Mol | . 0% = L0 C‘o%

Concentration = ....... W@ ..... 9"0 +. mol/dm? [3]

END OF QUESTION PAPER
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Off Page Comments

Item Name Comment

1lc This candidate has the answer out by a factor of 1000.

7bi accepted

7C abundance of material accepted.

1c Not enough here for either MP. Need concept of more in same
volume and more frequent collisions.

6a nearly! one to watch!

12a accept






