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Answer ALL questions.

1 This question is about gases in the atmosphere.

(a) The box gives the names of some gases in the atmosphere.

argon carbon dioxide helium nitrogen oxygen

Choose gases from the box to answer these questions.

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

(i) Identify a noble gas.

^̂ / Kd>^
(1)

(ii) Identify a gas that makes up about 78% of the atmosphere.

f\!A<o\^

(iii) Identify a greenhouse gas.

CG^A)^ D<C^,(U

(iv) Identify a gas produced by the thermal decomposition of calcium carbonate.

QJ^^ 0>o^^

(b) Sulfur reacts with oxygen to produce sulfur dioxide gas.

,„ ^^.^^

(1)

(1)

(1)

c>
(1)

0.z......... '?-

(ii) State an environmental problem caused when sulfur dioxide gas dissolves in
water in the atmosphere.

Aoc3 f2jrvA^.
(1)

(Total for Question 1=6 marks)
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2 The diagram shows the electronic configuration of an atom of an element.
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(a) Complete the table by giving the missing information about this atom.

name of the part of this atom labelled Z

number of protons in this atom

N'ACJl^US

number of the group that contains this element

number of the period that contains this element

the charge on the ion formed from this atom

^

-1
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z+

(5)
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(b) This element has three isotopes.

The table shows the mass number and percentage abundance of each isotope in a
sample of this element.

Mass number

24

J

!

25

Percentage abundance (%)

79.2

10.0

26 10.8

I

Calculate the relative atomic mass (Ai) of this element.

Give your answer to one decimal place.

^ ^ 1^ (,0 -^ ^S( o. 1^ + L6Co. I o^)
= <L^-^\^

(3)

relative atomic mass = .........."'''.,.........^...,........,,...

Tr-c)-p.:).
(Total for Question 2=8 marks)

5

Turnover >



3 The diagram shows two samples of iron, A and B.

iron \ iron

A

Sample B is coated with a thin layer of zinc.

(a) Name the process used to coat iron with zinc.

^\7

B

1^^\1^
"0"

(b) The two samples of iron are left outside for several weeks.

A brown solid containing hydrated iron(111) oxide forms on sample A.

(i) Give the common name for the brown solid.

1

2...

<L^

zinc

-.••:;. '.••'••;...'i.'.t.:^*':•^-^:'

(1)

(1)

(ii) Give the names of the two substances that react with the iron to form the brown solid.
(2)
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(c) Iron can be formed by reacting aluminium powder with iron(111) oxide.

The diagram shows how this reaction can be demonstrated.

magnesium fuse

V J

mixture of aluminium powder
and iron(111) oxide powder

When the magnesium fuse is lit, a very exothermic reaction occurs.

(i) State the meaning of the term exothermic.

A K^ct^ (Jl\^ <^ Mlfij:^^ ^I^LP^O.^ <^
(1)

••^- ^:

(ii) The equation for the reaction between aluminium and iron(111) oxide is

2AI + FeA -^ 2Fe + A^Oa

Explain what this reaction shows about the relative reactivities of aluminium and iron.

luTftv^'^^ i^ (^or<- tC^C^Wc ^c"<\ ^T)O c^5 C^Jlu^^'u^ c^Sf(<^<^
tNO)o .

(iii) Explain why the reaction between aluminium and iron(111) oxide is a redox reaction.
(3)

V^VSV^N °\c^ 0^-\-^^ SD IS 0^cl'<(^.
.s^.......,......................,.....J..O.......,,........~..........,.........................,..,.,...~..........................................^^^

S>o ^ '^ r^luc^.
..vj..

...^........,^-)<^6....,.........Q^..^..'\^...
6ik\ O^c^^. onc^ tt^Lcli^ foCCxy. t\^a

(Total for Question 3=10 marks)
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3 4 This question is about ionic compounds.

(a) The table shows the formulae of some positive and negative ions, and the formulae
of some compounds containing these ions.

2+

s2- I

Mg

MgS

NOa ^ L^\
co2-

3

r

3+ NHiAl

[^\{ sAI,S
^ z

Al(N03) NH4NO33/3

MgCO3 ^ Cco^2. (NH^^CO'3

(i) Complete the table by giving the three missing formulae.

(ii) Give the name of the compound with the formula NH4N03

^^OT,-<^ V\\^"^C.

(b) Sodium oxide, NazO, is an ionic compound.

The sodium and oxide ions are held together by ionic bonds.

(i) State the meaning of the term ionic bond.

(3)

(1)

^...^^..c^. s^....a^.f^b^...^^
..<?(g)s^b...(A^Q^.........IOn5b...

VA^CA
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(ii) The diagram shows the arrangement of the electrons in a sodium atom and in
an oxygen atom.

sodium atom oxygen atom

Draw diagrams in the boxes to show the arrangement of the electrons in the
ions of sodium oxide.

Include the charges on the ions.
(3)

sodium ion ^xjde ion sodium ion

"L^ \ -^\ t

^̂

•/•rf

y

(Total for Question 4=9 marks)
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5 The boxes show the displayed formulae of six organic compounds, P, Q, R, S, T and D.

H

H—C—H

H

H H

H—C—C—H

H H

p Q

H H H

H—C—C—C—H

H H H

R

I.......

H

H—C—Br

H

s

H H
\ /
c=c
/ \
H H

H H
\ /
C=C H

H ,/cv
H H

T u

(a) Use the letters P, Q, R,S, T and U to answer these questions.

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

'" ""s'"""""""""""
(ii) Give the letters of the two compounds that have the same empirical formula.

(1)

r,o (1)

(iii) Give the letter of the compound that is used to manufacture poly(propene).

u
(1)

i
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(b) Describe a test that can be used to distinguish between compounds Q and T.

§1 i test .........M^......^^t.......[^/..:..
(3)

^:'
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result with compound Q
fVo G1c-r CA.̂

(2)

result with compound T . ^. .. ^.G^^.... .fc.... .^... . ^.. ..^

(c) Compounds P, Q and R are members of the same homologous series.

Give two characteristics of a homologous series.

f\U P^iLMkn k^ <<^L SC)J^'<L ^trs^ i^o^^ •

..^ac^........^a^.^.......lv^^ ^
£(^ Kfi^^-/ ^ ^- S^M-^ (ivfOlu^ Y^'

^^ Q/^<^ic^ jp~i^y>-^ ^ ^^ f^e^\^/.
..^^...........^.........^ ^......^ ^^......^.^^......^^^.^.......^.^^.^..
(d) This is the displayed formula of an alkene, V.

2

H H H H

C=C—C—C—H

H
/

H H

(i) Give the name of alkeneV.

b^t-l-
(1)

e^<-'

(ii) Draw the displayed formula of another alkene that is an isomer of alkene V.
(1)

K

c
I

H

^

C - C-H
I

v

1-C-K
K

I I 11
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(e) An organic compound has the percentage composition by mass

C = 36.36% H = 6.06% F = 57.58%

(i) Show that the empirical formula of the compound is CHzF

c ^ F
p-\^ 3^.3(> Co^ S=>-^

^r ^ ^ ^
^ ^.OZ.fe^ '^

^.C?^ ^.0^ ^.0^
^^^<&b

. ^,^ ^^ CM ^ .

(ii) The relative molecular mass (Mr) of the compound is 66.

Determine the molecular formula of the compound.

z
6C
\^t^

• Xv^cC^I^^ C^^

(2)

(2)

-_Q\^
molecular formula = .....''''.^........h..,.....1-:..

(Total for Question 5=14 marks)
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6 A student uses this method to investigate the reaction of dilute hydrochloric acid with zinc.

pour some dilute hydrochloric acid into a glass beaker

record the initial temperature of the acid

add a piece of zinc and stir the mixture

record the temperature of the mixture after one minute

(a) Write a word equation for the reaction of dilute hydrochloric acid with zinc.

^Î
i
^
/t-?
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81
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^
i
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ilil

H-)(ln3(^^c a^c' JtT^c -^ ^c Ql^d^ ^ K^n?^
(b) The diagram shows the thermometer readings for this reaction.

(1)

0,'c I F 20

15

before adding zinc

0,c 25

120

after adding zinc

Complete the table, giving all values to the nearest 0.1 °C.

temperature in °C after adding zinc

temperature in °C before adding zinc

temperature change in °C

72- ^

n-?

u.^

iiiiiuiiiiiniiiiiiiNiiiiiiiiiiiiiiiiiiiiiniiiiiiniiii
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i

(c) Another student repeats the method using five different metals to compare their reactivity.

(i) This student uses a polystyrene cup instead of a glass beaker.

Explain why a polystyrene cup is better than a glass beaker in this investigation.

...^t3<^^......^.......^..,..,...iv^^
Ho<-a) (Jl^ ^A^CRt^^ C^^r\e CAAJ^ U Ct<^ ^ Q^L bf^
'\MAAC

(ii) Give three factors that the student should keep constant in this investigation.

1.......^.^ ^ fv^^
CcnCAAhM^^ c( ^»c)'
\/S\\j^- c€ <^^-

'^d^ ^p^fCA^w^
^»^ ^ (o-w^ o^ 93^p'y

(3)

2.

3..
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(d) The table shows some of the student's results.

Metal added Observation Temperature change in °C

copper

iron

no bubbling
f
•r

slow bubbling

magnesium

tin

—j

0.0

rapid bubbling

very slow bubbling

zinc moderate bubbling

8.7

1.4

5.1

(i) State why there is no temperature change for copper.

f^o [^ik^ OC^f^^.

(ii) Predict the temperature change for iron.

(1)

O.S ^0 ^.o°C^ (1)

temperature change =
z.o

(iii) Deduce the order of reactivity of the five metals.

h^\ r^5>^^
most reactive .........'....'.^.....J....:....^;:.................,..........

~^p\c

\w^

(1)

\̂^

least reactive

(Total for Question 6=12 marks)
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I 7 This question is about some of the halogens and their compounds.

(a) (i) Which element is a liquid at room temperature?

A astatine

^0 B bromine

D C chlorine

D iodine

(ii) Which element has the palest colour?

D A astatine

bromine

C chlorine

D iodine

(iii) Which element is the least reactive?

0 A astatine

bromine

C chlorine

D iodine

I
1

i

(1)

L.

(1)

(1)
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(b) A teacher uses displacement reactions to demonstrate the reactivities of some halogens.

She adds solutions of chlorine, bromine and iodine separately to three different
sodium halide solutions.

The table shows some of the teacher's results.

sodium chloride

chlorine

solution

bromine
solution

iodine
solution

not done

sodium bromide

solution turns orange

sodium iodide

^ (^^ bu^%

solution stays orange | not done solution turns brown

J.-

[xy^^ solution stays brown J not done

-1..-..,..

A change in colour of the solution indicates that a reaction has occurred.

(i) Complete the table by predicting the missing results.
(2)

(ii) State why the teacher does not add bromine solution to sodium bromide solution.
(1)

5,^^^.^........ ..^^.^...........^..'.s^

(iii) The word equation for the reaction of bromine with sodium iodide is

bromine + sodium iodide -> iodine + sodium bromide

Write a chemical equation for this reaction.

g<^ ^TJ^I ^iN-Br
(1)

17
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(c) A technician sees an unlabelled bottle containing a liquid.

He knows that the liquid is a solution of one of these compounds.

copper(11) chloride

copper(11) bromide

• iron(11) chloride

iron(11) bromide

Describe chemical tests that the technician could use to identify the compound in
the solution.

.M<}........^^...^^^........^^
.a.......^.,....... ^^(^...^s>.......G^ ........^^

C>p^<^ (^s ^'<tz''t ^^ c\^ pre $o^'

0

^. ..^te....f'.'e':11f*Ae'....^Y<'sf..
.P^P^....1^\5J...........^^...,.J^..^......(^^

SA^ C^^^^U^
?YYV1S> (jALor^ i0n^ Cy^- pr^^

^.....^^......f(^^'.....^^^
o^-^A. \^ ^\

•^

(Total for Question 7=13 marks)
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8 (a) Carbon dioxide changes directly from a solid to a gas without becoming a liquid.

(i) Give the name of the change of state from solid to gas.

l\\N\^<^ <
(1)

(ii) Describe the test for carbon dioxide gas.

^ ^ <^30 IW^c^. ((? G^^ f^ is
.&e^1; )....^^.,......1^^

I
I
I
i
^2

;;w
^

i

(b) Carbon dioxide is a simple molecular covalent substance.

Explain why carbon dioxide turns from a solid to a gas at a very low temperature.
(2)

< ^^{jUu^ ^^ r^u^ ^^ ^nen^ b ^^^̂ ..\...

.(\.^..^.^1..............^.........^^........ .^^..^'
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(c) Diamond and graphite are both giant covalent substances made up of carbon atoms.

diamonds are used in cutting tools

• graphite is used in pencils to make marks on paper

Explain, with reference to structure and bonding, why each substance is suitable
for its particular use.

(6)

..k..d:'^w^............^....,.....^^....^....^^
G^o^ (\h^^ ^^ ^b to^^^i ta^^ Sfcr^rtLu^' ^ 6Ut^

.^..,.....,........................................................................................^......................^........^.........................^

i^6ls. .<^T^. .^^J^^^^^ ^
C^^\ W^5-

"s<-/-

k......^^^... 7........^^........ (^^....^
..^f^........,<^s..........^.....,...^a^....Jl.^
..^.^.^.......^t.L^^......^......^..^.^
j\^^^^^ ^e^U

.....^............jp^'r-
(Wi^^
..................^,.......^..

(Total for Question 8=11 marks)
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I 9 A student uses this apparatus to investigate the heat energy released when a liquid fuel
is burned.

copper can

thermometer

water
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spirit burner

u

liquid fuel

This is the student's method.

measure the mass of the spirit burner and fuel
add 100 cm of water to the copper can
record the temperature of the water
use the spirit burner to heat the water until the temperature rises by 30°C
immediately measure the new mass of the spirit burner and fuel

(a) Suggest why the student measures the mass of the spirit burner and fuel immediately
after heating the water.

...^5 .....^^J.......^...........f^...^
^\^ [vA-

(b) When the fuel is burned, the student notices that a black solid forms on the bottom
of the copper can.

(i) Identify the black solid.

Cc^on
(1)

(2)
(ii) Explain why the black solid forms.

iQ^ip(x^ u^^ik&^ ocCt^ o,s y<^- *s ^ Li^^ O^^CA S^L,.
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(3)

s

(c) (i) Show that the heat energy change, Q, to raise the temperature of 1 00 cm3 of
water by 30 °C is approximately 13 kJ.

[mass of 1.0 cm3 of water = 1.0 g]

[c for water = 4.2 J/g/°C]

^ ^C^T

\00 ( 3o) (^ Lt.^)
^ ^UtO^

^^^<(oV^'

. ^^ c^^^
(ii) The student burns 0.96gTifmethanol, CHsOH

Calculate the molar enthalpy change, A/-/, in kJ/mol, for the combustion of methanol.

Include a sign in your answer.

[M, of methanol = 32]

n<^ G_^ ^ ^ ^^(a^ - •s'
^^~ 'BZ

M. n -1

\^ ^'^ \<^ ^
-^1

0'oA

(3)

AM=.
-^

, kJ/mol

. Q s.^ \:.
(d) The table shows data book values for the molar enthalpy change, AH, for the

combustion of some alcohols with different numbers of carbon atoms per
molecule.

Number of carbon atoms per molecule 1 2 3 4 5

..;„.

Molar enthalpy change, \H, in kJ/mol -730 -1370 ! -2020 i -2680 j -3320 I
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(i) Plot the data values from the table on the grid.

Draw a straight line of best fit.

Number of carbon atoms
per molecule

(2)

0 1 2 3

AH in kJ/mol

64 5
0

I

-500-

-1000- I-
^

-1500-
-T-

-2000 -
-'

4ft
-2500 -

44.,-\2,4.4444++4-1

^Ri
-3000 -

-3500 -

-4000

Ll:

-4500 J -j"

(ii) Deduce the value of AH for an alcohol with six carbon atoms per molecule.

Show on the graph how you obtained your answer.

^H =.........
-u-ooo

(2)

..... kJ/mol

(iii) State the relationship between AH and the number of carbon atoms per molecule.
(1)

...5^^.........^........^.^......o£..............^^..........aA^
^ ^^^^^^ ^

(Total for Question 9=15 marks)

^••^:
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10 Nitric acid (HNOa) is used in the production of fertilisers.

Nitric acid is manufactured in three stages.

Stage 1 ammonia reacts with oxygen in the presence of a platinum catalyst to
produce nitrogen monoxide gas, NO, and water.

Stage 2 nitrogen monoxide gas reacts with more oxygen to produce
nitrogen dioxide gas, NO;.

Stage 3 nitrogen dioxide gas reacts with water to produce nitric acid and more
nitrogen monoxide gas.

(a) (i) Complete the chemical equation for the reaction in stage 1.

-.....NHa + .......'""..............Oz ^

(ii) Give the meaning of the symbol

P-^^^ K&a:^.

(iii) State the purpose of the platinum catalyst.

..^(J^....,......^.,......^.....^....^(^cr.<..

..NO + .........H,0
(1)

(1)

(D

(b) Give a chemical equation for the reaction of nitrogen monoxide and oxygen in stage 2.

?^0 ^ €„ -^ ZNO.,
'..z.......
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(c) (i) The equation for the reaction in stage 3 is

3N02 + H^O ^ 2HN03 + NO

Calculate the maximum mass, in tonnes, of nitric acid that could be produced
in this reaction from 1 1.5 tonnes of nitrogen dioxide.

^

«.

[1 tonne = 1.0x 106g]

{^^y

(\^

r ^^

^ „ ^ - ^^o^
^aJbo ^ (^N0^ ^O^)^ ^.-L
•. n [_\{Wz^ ^^'?52^

^So COD f^^} (4)

^

^tFtE3^^?E?=^S

^ C^NOs) ^p/v- x^
^W^-^^^x

^z

Sbo ooo

3
^\

^ 10.^ xj"^
St» oco

6 mass of nitric acid =
10.^

tonnes

(ii) Suggest what use can be made of the nitrogen monoxide gas formed in stage 3.
(1)

..^............^.CL^...........^........^3.c......^.......fc....-

QUESTION 10 CONTINUES ON NEXT PAGE

Ml I 27

Turnover ~>



/—"-""•

(d) When copper(11) oxide reacts with dilute nitric acid, copper(11) nitrate is produced.

The equation for the reaction is

CuO + 2HN03 -^ Cu(N03)2 + HzO

0.200 mol of nitric acid reacts with excess eopper(11) oxide.

A mass of 15.3 g of copper(11) nitrate is produced.

Calculate the percentage yield ofcopper(11) nitrate.

[M, of copper(11) nitrate = 187.5]

pf^o^ ^ Q-V^\
. (CuNQ . ^

(3)

.z

z.
0,^

^G. (i^}^) ^/^n 3 ^\'s ^•l
s '^.^J

•/ ^s ^ ^—^Qo ^\^'/.
^.^s

^l.C
percentage yield =............

(Total for Question 10=12 marks)

:»fwm6Wiss-ss'fit^afw;ffSi«ws} -^ifk-S'K.Arf'yt^Ji^lte.,.:.-

TOTAL FOR PAPER =110 MARKS
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