Answer ALL questions. Write your answers in the spaces provided.

1 The diagram shows the structure of an atom.
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(a) Name the central part of an atom.

(b) Name the positively charged particles in an atom.

(c) State how the diagram shows that this atom is neutral.
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(e) Give the name of the element containing this atom.
Use the Periodic Table to help you.

(Total for Question 1 = 5 marks)
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2 Substances can be classified as elements, compounds or mixtures.

(@) Each of the boxes in the diagram represents either an element, a compound or a
mixture.

He H—H He H—O—H H—H | | H—HO—O—H
He | | H—=H H—H H—O—H H—H H—0—O—H
He H—H H—H H—O—H H—O—H | [ H—HO—O—H

box 1 box 2 box 3 box 4 box 5 box 6

(i) Explain which two boxes represent an element.
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(b) The list gives the names of some methods used in the separation of mixtures:
e chromatography '
e crystallisation
e distillation

e filtration
Use names from the list to choose a suitable method for each separation.
Each name may be used once, more than once or not at all.

(i) Separating water from sodium chloride solution.

SOOI -~ 1 ¥/, if) Ly o Wi >L\,LLL>.A.451L

(i) Separating the blue dye from a mixture of blue and red dyes.

(iii) Separating potassium nitrate from potassium nitrate solution.

a;j“.u_\,w:.ut,u.s §

(Total for Question 2 = 7 marks)
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3 Ammonium chloride decomposes in a reversible reaction. The equation for this
reaction is

NH,Cl(s) = NH,(g) + HCl(g)

(a) State how the equation shows that the reaction is reversible.

(b) Some ammonium chloride is heated gently in a test tube.

The diagram shows the test tube after it has been heated gently for a short time.

X
\
ammonium chloride
Y
(i) Identify solid X and the two gases formed in region Y of the test tube.
Solid X........ 00 CAMALAD o CARLITAGA Rttt
Gases in region Y .... GO e ehlhe. gy b gla. L dad Ol ..
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(i) Which change of state occurs in the test tube during heating?

[J A condensing
[0 B evaporating
[0 € melting

X D subliming

(c) An experiment involving ammonium chloride can be used to show the process of
diffusion.

The diagram shows the apparatus at the start of the experiment.

cotton wool soaked in cotton wool soaked in
concentrated ammonia solution concentrated hydrochloric acid

3 Je
A B C
At the end of the experiment, a white solid forms in the test tube.

Explain which position, A, B or C, shows where the white solid forms.

........... P OO ML RN SAML A, OAMe . Co SO AL N DO
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(Total for Question 3 = 7 marks)
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4 The percentage by volume of oxygen in air can be found by using the rusting of iron.

A student sets up this apparatus to measure the volume of oxygen in a sample of air.

conical flask
containing
100 cm?® of air

connecting tube
containing 10cm?

of air wet

iron
filings

An excess of wet iron filings is used.

At the start of each experiment, the reading on the syringe is recorded and the
apparatus is then left for a week so that the reaction is complete.

The reading on the syringe is then recorded again.

(@) The diagram shows the readings in one experiment.

100 800 60 40 20 O

at start e
cm?
100 80 60 40| 20

at end N
cm’®

Complete the table to show:
e the syringe reading at the end of this experiment

e the volume of oxygen used in the experiment.

syringe reading at start / cm? 76
syringe reading at end / cm? 235
volume of oxygen used / cm? |
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(b) The table shows the results recorded by a different student in her experiment.

volume of air in conical flask / cm? 100
volume of air in connecting tube / cm? 1C
original volume of air in syringe / cm? 80
final volume of air in syringe / cm? 43

Calculate the percentage of oxygen in air using these results.

Vet of oxygen waed = 5O 4-3
= 3%
inckial volumg = OO0 + 1O + SO = 1490
- x 10Q = i19.4%F
190 -
percentage of oxygen= .. 1550 ... . %

(c) The table shows some possible causes of anomalous results in this experiment.

Use terms from the box to complete the table, showing possible causes and their
effects on the volume of oxygen used in this experiment.

decreased increased no effect

Each term may be used once, more than once, or not at all.

Possible cause Effect on volume of oxygen used

wet iron filings not in excess dcaous e cl

apparatus left for 1 hour instead of 1 week e c.ne oo e ok

apparatus left in a warmer place for 1 week no effeck

(Total for Question 4 = 8 marks)
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5 A metal is added to copper(ll) sulfate solution.
A displacement reaction only occurs if the metal added is more reactive than copper.
metal + copper(ll) sulfate — metal sulfate + copper

Displacement reactions are exothermic. The more reactive the metal added, the
greater the temperature rise.

A student uses the following method in an experiment to compare the reactivities of
different metals:

e pour some copper(ll) sulfate solution into a boiling tube and record its
temperature using a thermometer

e add some metal to the tube and stir with the thermometer

e record the maximum temperature of the contents of the tube.
He repeats the method using the same amount, in moles, of different metals.

(@) To make the experiment valid, he starts with the copper(ll) sulfate solution and
the added metal at the same temperature.

State two other variables that must be controlled if the experiment is to be valid.

1 oncank cohnory....of....coppec. L) sl fode.  solahon......
2o OAMAR o Compps (@D IR O g R N VT < e, . L
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(b) Another student uses the same method three times for each of the metals E, F, G
and H. The table shows her results for these metals.

Temperature increase / °C Mean temperature

Metal 1 2 - increase / °C
E 7.0 4.0 8.0 7.5
F 0.0 0.0 0.0 0.0
G 6.0 5.0 5.4 5.5
H 55 11.0 12.0 11.H

(i) The student calculates the mean temperature increase for metals E and F.
She does not include anomalous values in her calculations.

Calculate the mean temperature increase for metals G and H, ignoring any
anomalous values. Write your answers in the table.

(ii) Explain which metal is the most reactive.

H)b»uwﬂm“u*vu_LLv&CLmJ«uLhuains}.g«“r ___________________________________
......,..,..,..,....Lfc,f.’z:\f,z.«A:ubu,‘x&_-. L Li.\-&(.&.«}\-. _______ U S e s

(iii) Explain which metal is less reactive than copper.

oy PRL RSl A..... [ IDAA.,.... AR ... CAAEN O ... COALAE . Qe

(Total for Question 5 = 8 marks)
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6 This question is about the elements in Group 1 of the Periodic Table and their
reactions with water.

(a) State why sodium and potassium are in Group 1 of the Periodic Table.

(b) A reaction occurs when a small piece of sodium is added to a large volume of

R T (LSS URNPEY WSO =R = =1 VU S Sy A RO

ABROAAAN ... ORI ... OO A O YL \S SV R U oW N Y

water in a trough.

(i) Give two observations that you would make during this reaction.

(ii) After the reaction has finished, a few drops of universal indicator are added to
the solution in the trough.

Explain the final colour of the universal indicator.

smm.uw&uumm\,pmc&h&wuu%@cLMY\ijch*nuu.‘_

MMVXA_LLLL‘:E(_\_L(‘:‘*CMW ............... s SR,

(iii) What is the most likely pH value of the solution in the trough after the
reaction is complete?

B OO 0O
O Nn w >
oo
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(c) Give the name of a Group 1 metal that is less reactive than sodium.

(d) A small piece of potassium is added to a large volume of water in a trough.

Give one observation that is made when potassium is added to water that is not
made when sodium is added to water.

(e) Complete the equation for the reaction of rubidium with water.
State symbols are not required.

RO+ 2 HO—> .2 RbOH+ .. ..H

2

(Total for Question 6 = 9 marks)
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7 This question is about hydrocarbons.

(@) The table shows the formulae of some hydrocarbons.

A B C
H H
& /7
CH, = CH,—CH,—CH,
H 8
D E F
CH,—CH—CH,
| CH,CH=CH,  CH,CH,CH.CH,
CH,

(i) Give the letters that represent hydrocarbons with the general formula C H,_

(ii) State why B is the only hydrocarbon shown as a displayed formula.

(iii) Explain which two letters represent isomers.

AP © Y, W 0. S =

(iv) How many of the hydrocarbons are members of the homologous series of
alkanes?
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DO NOT WRITEINTHIS AREA

(b) Many hydrocarbons are used as fuels. There are problems associated with this use.

(i) Explain how the combustion of a hydrocarbon can lead to the formation of a
poisonous gas.

..... el cnrap last.....commbuoron....od...Co s Qoo condbOM
b o

A € L\-CL&\M’LY\_\...QMW\(JJ\LLLA'ILC—j!.,.(g.“‘k)bﬂ‘qlﬁ_.{\.w)’s (W W

th‘n(.Lwl.&'_.ﬁ. ........... f,c\_ts(a_wo-{{bu_‘@clwrf;ymaf)xm _________ ;.;*:ac.\.b;._;j.ne_,q ...........

(c) Fuels used in cars often have sulfur compounds removed.

Explain how the combustion of these fuels in car engines still leads to the
formation of acid rain.

; oNv"Yt_g-é‘_’lu,MLCLng«QIIWI)uLMM“th ................................................................

......... . . ol uuj n.. L*hhpxﬁt.)..u%;ﬁ_(%(;cwenyum
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(Total for Question 7 = 13 marks)
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The copper(ll) carbonate in the mineral, malachite, reacts with hydrochloric acid
according to this equation.

CuCO,(s) + 2HCl(ag) - CuCl (aq) + H,0(g) + CO(g)

Some students investigate the effect of changing the concentration of acid on the
rate of this reaction. The diagram shows the apparatus they use.

cotton wool

hydrochloric acid malachite lumps

| balance

This is the method they use:
e set the balance to zero
e add an excess of malachite lumps to the conical flask and replace the cotton wool

e start atimer and record the balance reading after one minute.

The experiment is repeated using different concentrations of hydrochloric acid. The
mass and number of malachite lumps are kept the same in each experiment.

(a) The table shows the results obtained in one series of experiments.

concentration of hydrochloric acid /

mol/dm3 0.6 0.8 1.0 1.6 1.8 2.0

balance reading / g -0.20 -0.27 -044 -0.54 -0.60 -0.67

State why the balance readings have negative values.

CJ\-&_.i.’xL(LMrb‘uL.ffm%vul&‘lhﬁ(.ﬂri.«‘,'(j.-{.w\-d}-(ﬁ\.ﬁ‘t ......... £
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(b) The graph shows the results of this series of experiments.

0.8+
0.6 -
loss in mass / g s ®
0.2-
0 I | I I |
0 04 0.8 1.2 1.6 2.0

concentration of hydrochloric acid / mol/dm?

The circled point indicates an anomalous result.

() Suggest one mistake the students could have made to produce this result.

'y N Y ¥ . S "
__..____..____._..b.im-,*v,,k.-.c.u.l.&_.t:.,,.......t.&LLLL.Wy _________ (MO ol ol 0 AR

(ii) State the relationship shown by the graph.

nQsSs in .f.1».-1(,;_&..5,..,....,j_\s..........(_L.;.,_.\..L..c,ti.nj.........r-'n.-,-.:\'_;:f.?__crx_.\_-_l:'_l_.(:):ic;,\,,.......,J'..f;;-,_,_.....(M.’L..s;;.xﬂﬂ_h:g,s,t\_ﬁn

(c) Explain why an increase in the concentration of the acid causes an increase in the
rate of the reaction. You should use the particle collision theory in your answer.

"f%;«v\.,t.-hs..u_auuwuLsx.,J\z.nh.(Ljﬂ,;he ~
p?\.}f)(’\.ﬁ-bi.‘r«\n-‘r)‘LLMH%{Y\«Q}'%M{{LM'\.&. _________ COMAD ALY i

(Total for Question 8 = 5 marks)
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9 The flow chart shows how ethene can be obtained industrially from crude oil.

step 2 step 3

step 1 )
> diesel > dodecane > ethene

crude oil

(a) Step 1 involves the use of a tall column.

Describe how the diesel fraction is obtained from the crude oil in step 1.

UL e VW) €S o= 3 SNPY. SO U N0 = e GRNY ¥ =0 SN - Y-V LR s ML O
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........ el NG LA.....O HRang.eao utbb%(jmmwwjﬁwpﬁkwTh1,
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........ “L‘KCJ-',’JL,,LM'V:!LW.‘MlTWL.&JLWV‘V]hM\—LWDML&ﬂMM_g’
AR .. EOOCIO o o ENQAACNAR e

(b) In step 2, saturated compounds such as dodecane are obtained from the mixture
of hydrocarbons in the diesel fraction.

Explain why dodecane is described as a saturated hydrocarbon.

,,,,,,,,, 2 Roduscar.. conkaunng....cosbem...aadl.. bagdag.gen... e, ..oy
_________ ’Dud..ﬁ_uu\.a_.:,@aM,m\mcwlebbmijﬁ.bquGLS
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(c) Which of these formulae is that of an alkane?

CH,,
CHig
C.H

124

C..H

13" 30

O ®K O O
O N @ >

(d) In step 3, cracking is used to convert alkanes into alkenes.

Complete the equation to show the reaction in which one molecule of dodecane
is converted into two molecules of ethene and one molecule of another
hydrocarbon.

CHy = 2CH, + . Ce.Hyg...

12" 26

(e) Alkanes and alkenes both react with halogens, but in different ways.
The equations for two examples of these different reactions are shown.

equation 1 CH, + Cl, - CH.Cl + compound X
equation 2 CH,+Br,— CH,Br,

(i) State the condition needed for the reaction in equation 1 to occur.

LAY, l,x}_} nk

(ii) Deduce the formula of compound X.

B . O U

(iii) Draw a dot-and-cross diagram to represent a molecule of C,H.Cl

Show only the outer electrons of each atom.

R n
Ko xe XX
HEC & CyoLx
HoOOH xx

(iv) Equation 2 shows an example of an addition reaction.

State the type of reaction shown by equation 1.

....................... SNUN L R W S 2 W
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(f) Alkenes can be distinguished from alkanes using bromine water,

(i) What colour change occurs in the reaction between propene and
bromine water?

colourless to orange

colourless to green

A
B
C green to colourless
D

KX O O O

orange to colourless

(i) A compound formed in the reaction between propene and bromine water has
the percentage composition by mass

C=25.9%, H=5.0%, Br=57.6% and O = 11.5%

Calculate the empirical formula of this compound.

- H B @
29.1 5.0 .l“:‘!-}.(".w 1.9
12 1 §O \&
.16 5.0 Q.42 Q-T2
0.32 0.3 OAZ2 | ©.FL
3 = I |
empirical formula= .. Q.-% H - RO
(Total for Question 9 = 19 marks)
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10 When aqueous solutions of potassium hydroxide and nitric acid are mixed together,
an exothermic reaction occurs. The diagram shows the apparatus used in an
experiment to measure the temperature increase.

N

This is the student’s method;

(a)

-~

25cm? —

polystyrene
cup

—10cm?

use the larger measuring cylinder to add 25 cm? of aqueous potassium hydroxide

to the polystyrene ¢
record the steady te

use the smaller mea

up
mperature

suring cylinder to add 5cm? of dilute nitric acid to the cup, stir

the mixture with the thermometer

record the highest temperature of the mixture

continue adding further 5cm? portions of dilute nitric acid to the cup, stirring and
recording the temperature, until a total volume of 35 cm? has been added.

A teacher advises th
measuring cylinder.

Suggest two reason

e student to use a 50 cm? burette instead of the 10cm?

s why it would be better to use a burette instead of a

measuring cylinder to add the acid in this experiment. {
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(b) The diagram shows the thermometer readings at the start and at the end of one

experiment.
start end

= 120 —

— — (25

— (15 =
Complete the table to show:
e the thermometer reading at the start of the experiment
e the temperature rise in the experiment.

thermometer reading at end / °C 26.8

thermometer reading atstart /°C 2. F

thermometer rise / °C g. 1\
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)
(c) Another student uses the same method, adding the dilute nitric acid from a
burette.
5\
The table shows his results. :
volume of acidadded /cm® 00 50 100 150 200 250 300 350
temperature of mixture /°C  18.0 208 235 242 290 286 276 265

This is the student’s graph.

32.0-

28.0

temperature %
of mixture / °C 240
20.0+
16.0 , | |
0.0 10.0 20.0 30.0
volume of acid added / cm?
The point where the lines cross represents complete neutralisation.
(i) Identify the maximum temperature reached during the experiment.
maximum temperature=_...2.9..5 °C
(i) Identify the volume of dilute nitric acid that exactly neutralises the 25 cm?® of
aqueous potassium hydroxide.
volume = .. 2.0...8. . CME
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(d) Another student records these results.

volume of aqueous potassium hydroxide =20.0 cm?
starting temperature of aqueous potassium hydroxide = 18.5°C
maximum temperature of mixture =30.0°C
volume of dilute nitric acid =20.0 cm?

Calculate the heat energy released in this experiment.
c=4.2J/g/°C
mass of 1cm’ of mixture=1g
fokak volume = 20+ 20 = 40en®
m= 40 g AT =30~ (8.5
QA= mec AT = 11-5
= W) % b2 X | |5
- 1N32
heatenergy = ... 9.3 2 o)

; (e) In another experiment, the heat energy released is 1600J when 0.040 mol of
= potassium hydroxide is neutralised.

Calculate the value of AH, in kJ/mol, for the neutralisation of potassium hydroxide.

sH= 8 _ Jeco
aatell 0.0
= 40000 T [mol
J — kI (& 1000)
0o exolrumuc noch on

AH= . ... — 90 kJ/mol

- 4.0 K‘j-/ ol

(Total for Question 10 = 12 marks)
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11 Many different salts can be prepared from acids.
(a) The table shows the reactants used in two salt preparations.

Complete the table to show the name of the salt formed and the other product(s)

in each case.
Reactants Name of salt formed Other product(s)
MAsH  zinc + hydrochloric acid Zine dnlondl hydrogen
A e i COLC U WOXE +
A A WG a . :
Caws  calcium carbonate + nitric acid S ——— g .Y

{ic )

(b) A student uses the reaction between aluminium hydroxide and dilute sulfuric acid
to prepare a pure, dry sample of aluminium sulfate crystals.

The equation for the reaction used to prepare this salt is
2AI(OH), + 3H,50, — AL(SO,), + 6H,0

The diagram shows the steps in the student’s method.

dilute sulfuricacid  aluminium

hydroxide
’ K \//
o N e/
step 1 step 2 step 3 step 4 step 5
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(i) State two ways to make sure that all the acid is reacted in step 2.

T AsL... eXcasS... c;..w-nx;us.w*nkngf_kc,xxdmu
2 o bu"tﬁxe.mmx.x_'ths:. .........................................................

(i) State the purpose of filtration in step 3.

JCIWY]QY‘-&(‘—“‘I\L.CA.LL\LLLL%M\’ll(\mh’!‘l"\.jCLQALm .................................................

(iii) In step 5, the basin is left to cool to room temperature to allow crystals of
aluminium sulfate to form.

State one method of drying these crystals.

oS R AN A v AL AN . N —

(c) The student records this information about the reagents she uses in her preparation.
mass of aluminium hydroxide = 3.9g

amount of sulfuric acid = 0.090 mol

Determine which reagent is in excess, making use of this information and the
equation in part (b).

Me (AVCOH)L) = 2F + (3% 1F) = 78

Me 43

= 0.05 nnrol

0.09 mol H; 804 7 0.05 mol Al (or),

SO H, 504 & n excLss
reagent used inexcess=_. .41, 50,
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(d) Another student prepares 0.25 mol of aluminium sulfate. The formula of
aluminium sulfate is Al,(SO,),

Calculate the mass of aluminium sulfate prepared.
Me (A2 (S04)3) = (2F%2) + (32x 3 )+ (e x12)
MOSS = M X ol

— 32 X 0.05 = 5.5

mass=....&82:.9 _....g

(e) The equation for another reaction used to prepare a sample of a salt is
PbO + 2HNO, — Pb(NO,), + H,O

In one experiment, the amount of lead(ll) oxide used was 0.75 mol and the
amount of nitric acid used was 1.5mol. At the end of the experiment, the mass of
lead(ll) nitrate obtained was 209g.

Calculate the percentage yield of lead(ll) nitrate in this experiment.

[M_of lead(ll) nitrate = 331]

Mol = mass
e
251
O.631 . :
L2801 o 160 = Bl
0:9D
percentage yield = ..... Y. . %0
(Total for Question 11 =17 marks)
TOTAL FOR PAPER = 110 MARKS
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