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1 Fig. 1.1 shows the electronic configurations of five atoms, A, B, C, D and E.
A B C D E

Fig. 1.1
(a) Answer the following questions.
Each letter may be used once, more than once or not at all.
Give the letter of the atom, A, B, C, D or E, that:

(i) isin Group Il of the Periodic Table

...................................................................................................................................... [1]
(i) has 13 protons
...................................................................................................................................... [1]
(iii) is a noble gas
...................................................................................................................................... [1]
(iv) forms a stable ion with a single negative charge.
...................................................................................................................................... [1]

(b) Complete Table 1.1 to show the number of electrons, neutrons and protons in the sulfur atom
and oxide ion.

Table 1.1

number of electrons | number of neutrons | number of protons

34
®S 16

18 2—
e 10

[3]

[Total: 7]
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2 (a) Table 2.1 shows the mass of ions present in a 100 cm® sample of milk.

Table 2.1
ion formula of ion masssof ipn in
100 cm® milk / mg
calcium ca** 125
chloride Cl 120
magnesium Mg?* 12
negative ions of organic acids 160
phosphate PO, 95
potassium K* 140
sodium Na* 58
sulfate S0,* 30

(i) Calculate the mass of calcium ions present in a 20 cm® sample of this milk.

mass of calcium ionNsS = ..., mg [1]

(i) Identify the positive ion present in the highest concentration in the 100 cm® sample

of milk.
...................................................................................................................................... [1]
(iii) Complete Fig. 2.1 to show the electronic configuration of a potassium ion.
— -7+
Fig. 2.1 [1]
(iv) Describe a test for chloride ions.
1SS TP PP PP PP PPPPRT
POSITIVE TESUIL ..ttt e e e et e e e e e e e e e e e e e e e e anbb e reeeeeenaaa
[2]
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(v) Explain why the solutions used in qualitative chemical tests are made using distilled
water and not tap water.

...................................................................................................................................... [1]
(b) Which one of these salts is soluble in water?
Tick one box.
barium sulfate
calcium carbonate
ammonium sulfate
iron(l1) hydroxide
[1]
(c) One of the organic acids present in milk is lactic acid.
The displayed formula of lactic acid is shown in Fig. 2.2.
H
N\
H O 0]
7
H—C—C—C
N A
H H o—
Fig. 2.2
(i) Draw a circle around the carboxylic acid functional group on the structure. [1]
(i) Deduce the molecular formula of lactic acid.
...................................................................................................................................... [1]
[Total: 9]
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3 Acoloured crystal of cobalt(ll) chloride is placed at the bottom of a beaker containing water.

Colour spreads throughout the water over time. Fig 3.1 shows the spread of colour after two days.

water — |
crystal of
cobalt(ll) chloride ——& o —
at the start after 2 hours after 2 days
Fig. 3.1

(@) Explain these observations.

.............................................................................................................................................. [3]
(b) Cobalt(ll) chloride can be used to test for the presence of water.
CoCl, + 6H,0 = CoCl,*6H,0
anhydrous hydrated
cobalt(l1) chloride cobalt(l1) chloride

(i) State the meaning of the symbol 2.

...................................................................................................................................... [1]
(i) State the colour change when water is added to anhydrous cobalt(ll) chloride.

frOM e B0 e e [2]
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(c) (i) Table 3.1 compares the reactivity of cobalt with that of three other metals.

6

Table 3.1

metal

reactivity with cold water

reactivity with steam

barium

reacts rapidly

cobalt

no reaction

reacts slowly when heated

magnesium

reacts very slowly

reacts rapidly

zinc

no reaction

reacts easily when heated

Use this information to put the four metals in order of their reactivity. Put the least reactive

metal first.

least reactive

» most reactive

(i) State the boiling point of pure water at room temperature and pressure.

(d) Cobalt is a transition element. Lithium is a Group | element.

Describe two ways in which the properties of cobalt differ from those of lithium.

[2]

(e) When cobalt(ll) oxide, CoO, is heated in air an oxide with the formula Co,0,, is formed.

Balance the equation for this reaction.

.......... CoO + O, — 2C03O4

(f) When the oxide Co,0, is heated in hydrogen, cobalt metal is formed.

Co,0, + 4H, — 3Co + 4H,0

Explain how this equation shows that Co,O,, is reduced.

[1]
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4 A student investigates the reaction of small pieces of zinc with dilute sulfuric acid at 20 °C. The
zinc is in excess.

(a) Fig. 4.1 shows the volume of hydrogen gas released as the reaction proceeds.

50
40
/ i
30 7
volume of pya
hydrogen
gas/cm?
20
/
1/
4
10 4
y 4
/
/
0
0 2 4 6 8 10 12 14

time/ minutes

Fig. 4.1

(i) Suggest why the volume of hydrogen gas stays the same after 10 minutes.

(i) Deduce the time taken from the start of the experiment to collect 20 cm® of hydrogen gas.

(iii) The student repeats the experiment at 30 °C.
All other conditions stay the same.

Draw a line on the grid in Fig. 4.1 to show how the volume of hydrogen gas changes
with time when the reaction is carried out at 30 °C. 2]

© UCLES 2020 0971/03/SP/23 [TU rn over
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(b) The student repeats the experiment using zinc powder instead of small pieces of zinc.
Describe how the rate of reaction differs when zinc powder is used.

Give a reason for your answer.

.............................................................................................................................................. [2]
(c) Sulfuric acid is a compound.
(i) Define the term compound.
...................................................................................................................................... [1]
(i) State the formula of the ion that is present in an aqueous solution of all acids.
...................................................................................................................................... [1]
(iii) Afew drops of the indicator methyl orange are added to aqueous dilute sulfuric acid.
State the colour change observed.
L1001 1 0] = T To T (o TP [1]
(iv) The formula of sulfuric acid is H,SO,.
Complete Table 4.1 to calculate the relative molecular mass of sulfuric acid.
Table 4.1
atom number of relgtive
atoms atomic mass
hydrogen 2 1 2x1=2
sulfur
oxygen
relative molecular mass = ......cccccccvvvvevvveennen. [2]

[Total: 11]
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5 Table 5.1 shows the properties of four substances.

Table 5.1
substance boiling point eIe_c'_[ricaI _ electrical conductivity .densityg
conductivity of solid when molten ing/cm
aluminium high conducts conducts 2.70
diamond 3.51
potassium bromide high does not conduct conducts 2.75
sulfur low does not conduct 2.07

(a) Complete Table 5.1 to show the electrical conductivity of solid diamond and molten sulfur. [2]

(b) State one piece of evidence from Table 5.1 that shows that sulfur is a simple molecular
substance.

(if) Identify which information in Table 5.1 shows that potassium bromide is an ionic
compound.

(d) State the property of aluminium given in Table 5.1 which makes it suitable for the manufacture
of aircratft.

.............................................................................................................................................. [1]
(e) Molten potassium bromide can be electrolysed.
Predict the products of this electrolysis at:
TNE @NOE ...ttt
tNE CANOE. ...t e e e e e et e e e e e e e aeas
[2]

[Total: 10]
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6  Aqueous sodium hydroxide is a base.

(@)

(b)

(c)

(d)

Complete this sentence about the different types of bases.

Bases are metal hydroxXides OF MELAl ..........coocuiiiiiiiiiiii e [1]

Describe the reaction of agueous sodium hydroxide with:

e anamed acid

e an ammonium salt.

[4]
Ammonia is a soluble base.
Draw a circle around the pH value of aqueous ammonia.
pH 1 pH 5 pH 7 pH 10 [1]
Ammonia is used in the manufacture of nitrogen-containing fertilisers.
Which two of these compounds are present in fertilisers?
Tick two boxes.
copper(ll) oxide
potassium chloride
sodium phosphate
strontium fluoride
sulfur dioxide
[2]
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(e) Bacteria in the soil convert ammonium compounds to oxides of nitrogen.
The oxides of nitrogen escape into the atmosphere.

(i) State one other source of oxides of nitrogen in the atmosphere.

...................................................................................................................................... [1]
(i) Oxides of nitrogen contribute to photochemical smog.
Describe one other adverse effect of oxides of nitrogen on the environment.
...................................................................................................................................... [1]
[Total: 10]
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7 (a) Table 7.1 shows some properties of some of the halogens.

Table 7.1
halogen melting boiling colour
point/°C point/°C
chlorine =101 -35 yellow-green
bromine -7 red-brown
iodine +114 +184 grey-black
astatine +302 +337

Use the information in Table 7.1 to suggest:

o thecolourof astatine ...
o the boiling point of BromiNe ...
o the state of iodine at 190 °C. ... e e e e e
[3]
(b) Aqueous chlorine reacts with aqueous potassium bromide as shown.
Cl, + 2KBr — Br, + 2KCI
(i) Name the salt formed in this reaction.
...................................................................................................................................... [1]
(i) Explain why aqueous bromine does not react with aqueous potassium chloride.
...................................................................................................................................... [1]
(iii) Complete the dot-and-cross diagram in Fig. 7.1 of a molecule of chlorine.
Show outer shell electrons only.
Fig. 7.1 [2]

© UCLES 2020
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8 Hydrogen is a fuel which can be obtained from water by electrolysis.
Refinery gas and petrol are fuels obtained by the fractional distillation of petroleum.
(@) (i) Complete the equation for the burning of hydrogen.

.......... H () + 0,(9) — ..........H,O(l) [1]

(i) State the meaning of (g) and (l).

() oo ————————————
() TP PRRTR
[2]
(iii) Thermal energy is released to the surroundings when hydrogen is burnt.
State the name of the type of reaction which transfers heat to the surroundings.
...................................................................................................................................... [1]

(b) Some cars use hydrogen—oxygen fuel cells as a source of energy.

Explain one advantage to the environment of using a hydrogen—oxygen fuel cell instead of a
petrol engine.

(c) Refinery gas contains methane.
Methane is a gas which is responsible for climate change.

State two strategies to reduce the amount of methane entering the atmosphere.

(d) Petrol is a mixture of alkanes.
One of the alkanes in petrol is octane, CgH,q.

Name the two products formed when octane is burnt in excess air.

© UCLES 2020 0971/03/SP/23 [TU rn over
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(e) More petrol can be made by cracking less useful petroleum fractions.

(i) Define the term cracking.

(i) Complete the equation for the cracking of dodecane, C,,H,,, to form ethene and one
other hydrocarbon.

CiHys — CoHy + v, [1]

[Total: 13]
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