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CHEMISTRY

Foundation Tier Paper 1
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Materials

For this paper you must have: S ————
& @ ruler
o a soientifie caloulator Duestion l Pl

» the periodic table (anclosad). 3

Instructions

» Llse biack ink or black ball-paint pen.

Pancil should only be used for drawing.

Fill in the boxes at the top of this page.

Answer all questions in the spacas provided. Do not write outside

the box around each page or on biank pages.

» If you need extra space for your answer(s), use the lined pages al the end of
this book, Write the guestion number against your answer(s),

= Do all rough work in this book. Cross through any work you do not want
o ba marked.

= In all calculations, show clearly how you work out your answer.
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Information

» The maximum mark for this paper s 100,

= The marks for questions are shown in brackets,

» You are expected to use a caleulalor where appropriate.

* You are reminded of the need for good English and clear presentation
i your answers.
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This guestion is about elements, compounds and mixtures, S

II' Substance A contains only one type of atom,
Substance A does not conduct alectricity.

Which typa of substance Is A7

[1 mark] |

Tick (+) one box,

Compound ]

Metallic element i’

Mixture /

Man-meatalic elameant L/

EI Substance B contalns two lypes of atoms.

The atoms are chemically combined together in fixed proportions.

Which type of substance is B7 |
[1 mark]

Tick (+} one box.

Compound 1./

Matallic elermneant

Mixture

Mon-matallic element '

Turn over &
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[0]1].[3] What is the name of the slements in Group 0 of the periodic table? bux
[1 mark]
Tick (+} one box.
Alkall metals
Halogens /
Moble gases l-//
Transition mataks
[0]1].[4] which statement about the elements in Group D is comect?
[1 mark]

Tick {+) one box.

All elamants in the group are very reactive,

All slements In tha group form nagative jons.

The bolling points increase down the group. ‘u‘/

The relative atomic masses (A;) decrease down the group.

e =



El Meon is in Group 0

[0] 1'||_?| Figure 1 represents part of the structure of an oxide of a metal,

b B ki e

What type of particles are in a sample of nean’?

2

Tick {+) ona box.

Atoms L,,/

lens

Malecules

Figure 1
s
ll/ Key
oe @ Metal (X)
| ® Oxygen (0}

A

Determine the empirical formula of this oxide.

Empirical formuta = X0 7

[1 mark]

[1 mark] |

Turn over b
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A nanoparticle of a metsllic element is a cube.
Figure 2 shows a diagram of the nanoparticle.

Figure 2

2 Bnm

izl The surface area of a cube |s given by the equation:

surface area = (length of side)” * 6

Calculate the surface area of the cube in Figure 2.

Give your answer to 2 significant figures.

[3 marks]
 Sucfuce Poen = T8t
‘ = 4 o4 am—
i - q;-} HML
!
Surface area (2 significant figures) = 4':,'— nm? |
|mn"'ﬁ'll| B2 LA P

Do nol e
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0[1].[8] Fine and coarse particles of the metallic elament are also cubes, [

The length of a fine particie cube is 10 times smaller than the length of &

coarse partcle cube.

How doas the surface area to volumae ratio of the fine particle cube compare with that

of the coarse particle cube?

[1 mark]
Tick (+") ane bax.
Both surface anrea o volume ratios ara the same,
AT
The surface area to volume ratio of the fine particle is 10 times greatar, "
The surface area o volume ratio of the fine particle is 10 timas smaller, 10

Turn over for the next quaestion
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| |LI1 | 2 | This question |s aboul chemical cells and batteries.

[0]2].[1] Three diffarsnt types of battery can be used to power a TV remote control,

Table 1 gives Informalion aboul these batteries.

Table 1
Zinc-carbon Alkaline . ag:::;:i-rl de
battery battery batte
Cost of battery In € (pounds) 0.17 0.50 1.50
Rechargeabla? Mo No Yas
Time before needing to replace 5 12 g
or recharge in months
Give one advantage of each type of battary.
[3 marks]
Zinc-carbon Chea pest -
Alkaline Lergesk  [eabin L. S
Mickal-metal hydride E—-E-_Lll'\-_ a1t 9 %ELE_ —
E| Figure 3 shows a symbol printed on batteries,
Figure 3
This symbol shows thal batteries should nol be put in household waste,
Suggest why batteries should not be put in household waste.
[1 mark]

e kel povdee beom |

bulleies

Do nal wella
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Figure 4 shows a chemical cell, e
Figura 4
Electrolyte
Metal electrodes

' !D| EHE The order of reactivity of three metals ks shown balow,

iron {(Most reactive)

i 1

Copper (Least reactive)

Which combination of metal slactrodas would give the highest valtaga in the

chemical cell in Figure 47

[1 mark]
Tick (+') one box.

Copper and Iron ',

lresr and te

Tin and copper

|{r| 2 im Thea voltage produced by the cell in Figure 4 depends on the type of electrodes and
the type of alectralyte,

Stgpest one olher factor that could affect the voltage produced.

Lemcendalin o} eledelyte

[1 mark]

Turn over
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[0]2].[5] wateris preduced In a hydrogen fuel cell

Completa tha word equation to show the reaction that produces water in a hydrogen

fuel cell.

Oxuyoen 4 Ha&nﬂm 5

[2 marks]

D nal s
alilgiky T




11
This question is about Group 1 slements,

El Complale Table 2 to show the electronic structure of a potassium atom.

Table 2
Atom Mumber of electrons | Electronle structure
Sodium 11 281
| EPRON | L 2,481

[0]3].[2] Why do Group 1 elements have similar chemical properties?

Tiek [+ ) one box,

They have the same number of electron shells.

<

They have the same number of outer shell electrons.

They have two electrans in the first shell.

|E| What is the type of bonding in sodium?
Tick (+) one box.

Covalant

lanic /
Metallic \/

[1 mark]

[1 mark]

1 mark]

Turn over b
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Table 3 shows observations made when lithium, potassium and rubidium react

with water,
Table 3
Elamant Observations
Bubbles slowly
Lithium Floats
Maovas slowly

Sodium

AALS AL F,,Eh!{_},

Paotassium

Bubblas vary quickly
Melts into a ball
Fleats
Moves very quickly
Flama

Rubidium

Sinks
Metts into a ball
Explodes with a flame

I_T_l Give two observations you could make when sodlum reacts with walear,

Write your answers in Table 3.

[2 marks]
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' E How does the reactivity of the elements change going down Group 17 Pyt
[1 mark]

PN YN 5 doesn. the ey

[0]2].[8] Give two ways in which the observations in Table 3 show the change In reactivity
going down Group 1.

[2 marks]

1 '71L-a. r'v'\-t.]m,u Witwe helE ;H;u_lv:%! e

tee. St»-i!-zr-é-er down Hze &M
o The (e aching sﬁ_}' Mede LEQ@AJ:’ ey

foma Ao Yo b Jlusss, fe Oplediie |

|_ﬂ_| 3 ”I_I Which gas is produced when Group 1 elements react with water?

[1 mark]
Tick (') one box.

Carbon dioxide /

Hydroegen v/

Mitrogen

Chiygen

Turn over &
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LEEJI&] Sodium fluoride is an lonic compound.

Flgure 5 shows dot and cross diagrams for a sadium atom and a luorine atom,

ERLLLTETER TN

Complete Figure 5 to show what happens when a sodium atom and a fluorine atam

raact to produce sodium fluoride,

o shoubd:

= completa the glectronic siructures of the sodium ion and the fluoride ion

= give the charges on the sodium lon and the fluoride ion,

Figurae 5

Sodium atom

Fluarine atom

O

Fluarida ion

[3 marks]

2k
E
H
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Turn over for the next guestion
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(0]4] A student investigated the reactivity of metals with hydrochloric acid,
This Is the method used.
1. Measura 50 cm® of hydrochioric acid into a polystyrene cup.
2. Measure the temperature of the hydrochloric acld.
3. Add one spatula of metal powdear to the hydrochiorc acid and sfir.
4. Measure the highast lemperature the mixture reaches.
5. Calculate the temperature increase for the reaction.
6. Repeal steps 1 1o 5 three more timas,

7. Repeat staps 1 1o 6 with different metals.

Table 4 shows the studant's results,

Table 4
Temperature increase In °C Mean
Metal e Sty e et t@MpETature
Trial 1 | Trial 2 | Trial 3 | Trial 4 | jncrease in °C
Cobalt f ¥ 5] g T
Magnesium o4 50 3r 55 X
Zinc 18 16 18 20 18

II' Calculate the mean temperature increass X for magnesium in Table 4,

Do not include the anomalous result in your calculation.
LY +* 5o+ 55 EXY
LS

[2 marks]

pheot™=

= 53

Do nod e
sk Lo
bor



[0]4a)[2]

[0]4][3]

=]

[o]4][s]

17

Determine the order of reactivity for the metals cobalt, magnesium and zinc.
Use Table 4,
[1 mark]
Most reactive WGt e ¢ s
[P
?__‘\-“i"t’L

Least reactive C@M - — —

The range of measuraments either side of the mean shows the uncerainty in the
maan temperature increase,

Completa the sentance.

Use Table 4.
[1 mark]

The mean lemperature increasea for zinc is 18 + Z i 2

What type of varable ks the volume of hydrochlonc acid In this Investigation?
[1 mark]
Tick (+') one boux.

Controf

Dependent

Independent

Suggest one way of improving step 3 in the method to give results which are more

repeatable.
[1 mark]

nbe  the  Samt muag o) aubal

L eeih  experiment

Tum ovar

tho nat wrie
A P
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o — B T 1 Dot wadi
oeAsT A
‘ - Figure 6 shows a reaction profile for the reaction of magnesium with oy
hydrochloric acid.
‘ Figure 6
I e S
|
B |
|
|
|
c
A *
What do labels A, B and C represent on Flgure 67
Choosa answers from the box,
[3 marks]
activation energy energy overall energy change
products progress of reaction reactants |




[o]5].[4]

This questien is about aclds and alkalis,

19

Which ion do acids produce in agqueocus solution?

Tick (+") one box.

|

Achds react with alkalls,

What is the name of this type of reaction?

Tick (*"} one box.

Dacompasition

e

OH-

Elactrolysis

)

Meutralisation 74

Redox

Balance the equation for the reaction between sulfurlc ackd and potassium hydroxide.

HoSO4 + 2 KOH — K804, + 2 H:0

02

Universal Indicator turns purple in potassivm hydroxide solution,

What is the pH of tha solution?

Tick (+') ane box,

m

14

[1 mark]

[1 mark]

[1 mark]

[1 mark]

Tum over
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A studenl does a titration to find the volume of sulfuric acid that reacts with 25 cm? of b
potassium hydroxide solutbon,
Figure 7 shows the aquipment used.
Figure 7
—— Sulfuric acid
4_Measuring cylinder Conical fiask | _— Burette
| . Potassium
1 hydroxide - Indicator
L1 solution

|I E| E|E_| The 25 cm? of patassium hydroxide solution (s maasunad with the measuring cylinder.

Which place of aquipment could the studanl usa to measura tha 25 cm® of
petassium hydroxide solution more accurately?

[1 mark]
Tick (') one box.

Beaker

Evaporating basin /

Pipatie

Tast tuba
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| 0 | 5 | Describe how the student would use the equipment In Figure T to
complete the titratian,

R0 X Wi
cursita M
bow

[5 marks]

Bdd 25 2 4 Pbescin Hoglpaiee b

_ondraec bn beo ‘]'Lelh_b'«

pucelte Slontlo . euld the Lﬁ AT -
ot Ve bre T Solukie Un bhe Maah.
Do b cmbll #ke _ndirakes Clianges

—Celons _Qead off the Udume foowm He

Turn over for the next question
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This question is about metal carbonates.
A sludent investigated the reaction of copper carbonate with an acid,
Figure B shows the apparatus,
Figure 8
as syringe
1 Dl Il i s

This is the method used.

1. Pour 25 cm?® of the acld Info a conical flask.

2. Weigh 0.10 g of copper carbanate.

3. Remove the stopper and add the copper carbonate to the flask,
4. Quickly replace the stopper.

5, Record the maximum volume of gas collected in tha gas syringe,

6. Repeal staps 1 to 5 with different masses of copper carbonate.

im Figure 8 shows the gas syringe during the experimant.
Figure 8

i i CPLLEE LU it b et rJ-I
_'r'l?ﬂrwm'rrml T ||| | ] | T | " |'|'I'|.-|'I'|-|'|"I'I'|"15'I
0 70 20 30 40 50 80 70 BO 90 100 cm?

What s the reading on the gas syringe?

&

| FEion o rme s e

[1 mark]

cm?

T
i
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El The studen plotted the results on a graph.
Figure 10 shows the student’s graph.

Valume B0

af pas

n em?

o A 1 .

Figure 10

1004 — - b ] | - i

..........

T G

201—H

0.3

04

Mass of copper carbonate in g

Determine the gradient of the line of best fit.

You should:

= calculate the values of the change In y and the change in x
= calculate the gradient of the fine of best fit,

Change iny =
Change inx=

o

Change in y

o4

Gradient

j‘ﬂ/’fé} H =

Gradient =
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| Oonod wite
ouaida tha

EI Copper chioride was produced in the reaction, box

Which acid reacts with copper carbonata to produce copper chloride?
[1 mark]

Tick (v} ene box.

Hydrochionic acid

Mitric achd

Sulluric acid

LT_l The reaction between copper carbonate and the acid produced a gas.

What was the gas?

Tick () one box, /

Carbon dioxide v"/ |

[1 mark]

Chlorine

Hydrogen

Oxygen




[oTe][s]

"
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A, different student produced a pure, dry sample of copper chlorida using the
same reaction,

This is the method usad,

1. Add excess copper carbonate to the acld.

2. Filter the mixtura.

3. Heat the solution gently untll erystals start to form.
4. Leave for 24 hours,

5. Remove the crystais.

6. Rinse with water and dry the crystals.

Why was the solution heated gently in step 37

[1 mark]
Tick {+) one box,
To evaporate acid
To evaporale copper carbonate /
To evaporate water b/
How should the solution be heated gently in step 37
[1 mark]

_Mﬁ ~ waudel badh e an |

edrre heuber

Turn over
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| Ex nal win
= ozl tby
This question |5 aboul electrolysis. b

Some students Investigatad the electrolysis of silver nitrate solution.
This slectrolysis produces silver at the negalive electrode.
Figure 11 shows the apparatus.

Flgure 11

dc power

supply

This |s the method used.

1. Weigh the negative electrode.

2. Set up the apparatus shown in Figure 11,

3. Switch on the power supplhy.

4, Switch off the power supply after five minutes.

5. Rinse the negative electrade with water and allow to dry.

&, Rewsigh the negative electrode.

7. Repeat steps 1 to 6 for differant imes. |

Turn ovar &
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[0]7].01] Some siver did not stick ta the negative elecirode bt fell to the battom of the beaker.

The students neaded 1o weigh this silver,

How could the students separate the silver from the silver nitrate solution?

Tick (+) one box,

[1 mark]

Ey chromatography

By crystallisation

By distiliation

g

By fillration

Table 5 shows the studants’ resulls,

Table 5
Time in minutes Mass of sllverin g
0 (.00
8 0.0&
10 0.12
15 0.18
20 0.24
25 0.30

1 rd wala
| oursds
b




.E| Draw a graph on Figure 12.

29

B
i

You should:
s Use a suitable scale for the x-axls

« plot the data from Table 5

o draw aline of bast fit,
[4 marks]

1 iz |
0.301—FHH | =
Mass of | it emaa s Fe il e

ing

A3CicaERTor 0] RS IR
Dliu.':_f_;.....' F ':.i--'.. O e Ee
B ASNSLIXS0ARIE EAES SE2nA 2 5neY
' 0 4wl e i e o
o s 1

5 e % e 5 Fe L6
Time in minutas
El Determina the mass of silver that would be produced after 12 minutes,

Use Figure 12,
[1 mark]

1

Mass of silver = q

Question T continues on the next page

Turn over &
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|_ 0] TH -I-J A studen! invesiigated the electrolysis of two aqueous salt solutions.

Hydrogen Is produced al the negalive electrode when the matal in the salt solution |s
more reaciive than hydrogen.

Complete Table 6 to show what the student would observe at the negalive electrode

for each sall salution.
[2 marks]
Table 6
Salt solution Observation at negative electrode
Copper sulfate Led Lolnd g“, Coppet Hﬂ%
Sodium chloride .eH»u—ug_j.r_.mﬁ..f.-t..
@ A teacher demonsirales the electrolysis of molten lead bromide,
The products at the electrodes are lead and bromine,
Whiy shauld the teacher do the demonsiration in a fume cupboard?
[1 mark]

@ Two other molten compounds are electrotysed,

Compiete Table T to show the molten compounds and the products.

[3 marks]
Table T
Product at the Product at the
Molten compound electrolysed o b poaltive e
Zinc chlorida %Ch & L!ﬂ%nr -:-_h.-t_.
'F{;:‘ru.a.‘gm Teehide_ Potassium lodine 12

1 HieE e vied SR @8
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Turn over for the next guestion
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[o]8].[1]

[o]8][2]

32

This question is about carbon and its compounds,

Fullerenes arg makecules of carbon atams,

Tha first fullzrene to be discovered was Buckminsterfullerene (Cas).

What shapa I8 a Buckminsterfullerene molecule?

,\?L\mﬁm

[1 mark] |

Give one use of a fullerane,

[1 mark]

Dmﬂ .cﬁg).‘m_-e_f{a_ Wither the bmlj

Propancne Is a compound of carbon, hydrogen and oxygen,

Figure 13 shows the dot and cross diagram for a propanone molecule.

Figure 13

o
i
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,m Complete Figure 14 to show a propanone malecule.

Usa a line to reprasant aach single band,

U=e Flgure 13,

Figure 14

E| Determine the molecular formula of propanone.

Use Figure 13.

Molecutar formula = { g H‘ED

[ﬂ';'_]w Propanone s a liquid with a low boiling point.

Why does propanona have a low boiling point?

Tick (+") one box.

Tha covalent bonds are strondg.

The covalen! bonds are weak,

Tha intermolecular forces are strong.

The intermalecular forces are woak, 'V(

o ot wrike
ool Mo

[1 mark]

[1 mark]

[1 mark]

|
Tum over &=



| 1] | B ||f| Figure 15 reprasants the structure of graphite.

3

34

23 A T
oulsiin My

Figure 15 |

Explain why graphite is:
« @ good electrical conductor
¢ soft and zlippery.

You should answer in terms of structure and bonding.
[& marks]

(_’:—_‘rrﬁPL{&I— T Sl _becoiuse l::',- W [“-ﬁf,‘fﬂ_v-k
Shncbnte . The - Codhor. Sheehy bRl
Phae wp 5[5.‘3&11— e |ell X“C)LHRE—L%_

vieel  Onlemmoleculos fures ond  lhde ewmih,

s 3 cthets, [e.uhq\.ﬁ::_.h ML @]—Th bmd--n}g_

b e whle Jn::a PADLAR WM
¥heed Lo Loty o Choine .
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D mend il
it sids i
Turn over for the next question
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0|9 This guestion is aboul atomic structure and the periodic table,

sk

Gallium (Ga) is an element that has two isotopes.

m Give the meaning of Jisotopas’,

You should answer in terms of subatomic particles,
[2 marks]

Premia,  cube e Gome  addiber r:;\ﬂ
_Exh\rau un  the nadews buk o fk{’l“(“’i

E Table 8 shows the mass numbers and percentage abundances of the
Isotopes of galllum.

Table 8

Mass number | Percentage abundance [%)

69 &0

71 40

Calculate the relative atomic mass (A:) of galfium,

Give your answer io 1 decimal place.

(L9 <6+ [FIxw0) [2 marks]
P'Tr= —  \ee

= 9.8

Relative atomic mass (1 decimal place) = éﬂr -2

Dt gl e
ntdsic g



[o]e][3]

[0T9][4]

ar

o o Wy
ol e
Gallium (Ga) is In Group 3 of the madern periodic table. .
Give the numbers of slactrons and neutrans In an atom of the isctope E’?Ga
[2 marks]
Nurnbar of electrons 11
Number of neutrons 113
What is the mast likely formula of a gallium ion?
[1 mark] |
Tick (+) one box.
Ga*
Ga-
Ge™
Ga*

Gallium was discovered slx years after Mendeleey published his periodic table,

Give two reasons why the discovery of gallium helped Mendeleev's periodic table to
become accepted. I
[2 marks]
i Qu [lam H‘Cﬁl kot _80.[:- Mendeleen
nod ek e 4o Fable

2 Wendeleed had nied e oo codne tuble

b_cem%_wmmm propelties ¢

Turn over »
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This question is aboul the extraction of metals.

Element R is extracted from its oxide by reduction with hydrogen.
The equation for the reaction is:

dH: + ROz — R + 3H;0

The sum of the relative formula masses (M) of the reactants (3 Ha + RO is 150

Caloculate the ralative atomic mass (A) of R,

Relalive atomic masses (4, H=1 O=16
p——

—

Me tho= 18 MM, =2

[2 marks]

(B = 54 pel= 5o-54 = a6

Relative atomlc mass (4)of R = GH?

|dentify element R.

You should usa:

& wour answer to question 10.1
= |he periodic table,

Identity of R = _M;EL\:I) bii- A A

[1 mark]

Do et worife
aeitakin L
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| 1 | 0 HEI Carbon is used to extract tin {Sn) from fin oxide (SnCk).

The equation for the reaction is:

Sn0z + C — 3n + COy

Caleulate the percentage atom economy for extracting tin in this reaction.

Relative atomic masses (4) C=12 O=16 Sn=119

[3 marks]
Me dad = 11+ 2l + |z
feadanh = |3
,/g akown = J_I_ﬁ ejoe = 413
L Lon et | 63
!
Parcentage atom economy = ?‘1 %

Question 10 continues on the next page

|
Turn over b
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' IIEHE' Tungsten (W) is a metal.

40

g
i

Tungsten is extracted from tungsten oxide (W3a),

All othier galid products from the extraction mathod must be separated from tha
tungsten,

Table 9 shows information about three possible methods to extract tungsten from
lungslen oxide,

Table 9

Method | Reactant | Relative cost of reactant Produets

l Tungzten sakid

1 Zarbon Laiw Carbon dioxide gas

Tungsien carbide solid
. Tungsten solid

2 Hydrogen High Watar r

Tungsten solid

Iran oxide solid

3 Iron Low

Evaluate the three possible methods for extracting ungsten fram tungsten oxide,
[4 marks]

MEGLQ;E_Q 'EL#_‘._[L :5 ,l::a;pHF-. LASE Ll@,-t.—n'l..f:'

e mgghen Scid st be. SCepefaked fomm

kel LA, eJ-H&e,r_.[Mﬁﬂ'z-ﬂ__EALTJ_i_ar
ren OXide . T Wil wdd e lesh swer .
Methad one | allo [oie Some ‘ungicen fo
_lch_axﬂtﬁa\_ﬂasﬂnﬁublﬁlﬂl’ alio P_::-% i
7":«171-'\1:!-\ wl Adel o~ (e espensiva. |
Ceod e Eerpm.l an fhee
el u:«.?n»f @h_w el Gk
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