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READ THESE INSTRUCTIONS FIRST

Write in soft pencil.

Do not use stapies, paper clips, glue or correction fluid.

Write your name and register number on both the question paper and the Answer Sheet (OTAS)
provided.

There are thirty questions on this paper. Answer all questions. For each question there are four
possible answers A, B, C and D.
Choose the one you consider correct and record your answer in soft pencil on the OTAS.

Each correct answer will score one mark. A mark wili not be deducted for a Wrong answer.
Any rough working should be done in this booklet,

A copy of the Periodic Table is printed on page 12.

The use of an approved scientific calculator is expected, where appropriate.

Hand in Paper 1, Paper 2 and OTAS separately.

This document consists of 12 printed pages (including this cover page).
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In which one of the following substances are the particles closest together?
A dryice

B  hydrogen gas

C lithium fluoride solution

D

molten iron

The appératus in an experiment is set up using different gases in the two inverted beakers
as shown.

gas 1— gas 2.

porous pot porous pot

I CEC N

water

Which pair of gases would cause an upward movement of the water leve! at U?

gas 1 gas 2
A CO, H:
B8 CO; Nz
C Ha CO2
D Nz Hz

Which apparatus is most suitable for measuring 24.10 cm? of dilute sulfuric acid accurately?
A beaker

B  burette

C  measuring cylinder

D

pipette
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4  Three test-tubes were filled with different gases and placed in a trough of water. After a

3

period of time, the water had risen in two of the tubes as shown in the diagram.

tube1 tube2 tube3
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Which of the following gases are in the tubes?

e T e AtET

tube 1 tube 2 tube 3
A ammonia carbon dioxide hydrogen
B ammonia hydrogen carben dioxide
Cc carbon dioxide hydrogen ammonia
D carbon dioxide ammonia hydrogen

Heptene and water can be separated using a separating funnel.

What can be deduced about the two substances from this method of separation?

o O w

Heptene and water have different boiling points.

Heptene and water have different densities.

Heptene and water have different relative molecular masses.

Heptene is an insoluble

gas and water is a liquid.
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6  The diagram shows the apparatus used to separate hexane (boiling point of 70 °C} and
heptane (boiling point of 8 °C).

. water out

Which of the following graphs would be obtained if the temperature at point T was piotted
against the total volume of distillate collected?

tomipstature/°C ggl | -

I
“of dist
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The purple colouring from a candy was extracted using a sclvent and placed at the start line
of a strip of filter paper dipped in ethanol. The colouring is known to contain two dyes with
Ry values of 0.17 and 0.67.

One of the dyes is shown on the chromatogram.

What is the position of the other missing dye?

6 solvent front

5—A

4B

3irc

2D position of orange
ethanol Py colouring at the start

1 |~ of experiment

\ 0 _.é
iy -_-"ﬂ.-_-.

Which of the following is true of the substances in a mixture that are separated using paper
chromatography?

A The siibstances must be of different colours.

B The substances must be soluble in the solvent used.
C The substances must have different densities.
D

The substances must have the same R; values in the different sclvents used.

From the solubility curves shown, which salt(s) can be prepared by crystallisation?

salt W
Fy sait X
solubility
{9/ 100 g water)
[ saltY
i temperature (°C)
A Wonly
B Xonly
C WandXonly
D XandYonly
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Some brown solid is placed in a test tube and excess water was added to it. The test tube
is shaken and the contents are filtered. A white solid is left on the filter paper. The filtrate
are heated and orange crystals are formed.

What do these observations suggest?
A The brown solid is a compound.
B  The brown solid is a mixture.

C  The orange crystal is an element.
p

The white solid is an element.

What are the similarity between the structure of 25Mg and 33Si ?
A They contain the same number of electrons.
B  They contain the same number of neutrons.
C  They have the same atomic number
D

They have the same nucleon number.

Two particles Q and R have the composition shown in the table.

particle number of electrons number of neutrons number of protons
Q 10 8 8
R 18 18 17

The particies G and R are

metal atoms.
B  non-metal atoms.
C negative ions.
D  positive ions.
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14

15

16

7

The diagram shows the lattice structure of an ionic compound made up of elements Y and
Z

@ -atomof Y
O -atomof 2
What is the formula of the compound?
A YZ B Y22 C YZ;3 D YZs

Which compound has both ionic and covalent bonds?
A ammonium fluoride |

B  ammonia

C  carbon monoxide

D

magnesium chloride

Which statement explains why magnesium oxide has a higher meiting point as compared
to sodium chloride?

A Magnesium is more reactive than sodium.
Magnesium oxide has a larger molecular size as compared to sodium chloride.

B
C  Magnesium oxide is an ionic compound but sodium chloride is a covalent compound.
D

The attraction between Na* and CI is weaker than that between Mg?* and 0%,

The structure of propanol is shown.

H H H
| 1

R
H H H

How many of the electrons In a molecule of propanol are not involved in bonding?

A 0 B 4 c 10 D 12
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17  Which pair of substances has a giant molecular structure?

diamond, iodine

B diamond, silica
C methane, iodine
D methane, iron

18 Somae information about oxide of Q are listed.
1 It has a high melting point and is insoluble in water.

2 it reacts with either hydrochloric acid or aqueous sodium hydroxide to give a salt
and water.

3 Q can form a compound with chlorine with the formula QC/a.

Deduce the identity of oxide of Q.
A ABLOs B H:0 C MgO D Zn0O

19 The table gives the electrical conductivity of three substances.

P conducts when dissolved in water only
Q conducts when solid and when molten
R does not conduct under any condition

What could be the identity of P, Q and R?

P Q R
A ammonia magnesium chloride carbon
B ammonia zinc chlorine
" ethanol ammonia | zing
D magnesium chloride zinc chlorine’

20  Which of the following shows the correct relative formula mass of copper(1l} nitrate crystals,
Cu(NOs). 3H0?

A 121 B 144 c 242 D 618
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9

The formula of an oxide of element Y is Y20.
17.4 g of Y20 contains 14.2 g of Y.

How many moles of Y does 14.2 g of the element contain?
A (32+16)x2

B (32+16)x{1+2)

C  (17.4+16)x2

D (17.4+16)x(1+2)

The complete combustion of ethane is represented by the following reaction:

C2Ha (g) + 302 (g) » 2C0: (g) + 2H0 (1)

20 cm?® of ethane reacts with 100 cm? of oxygen in a closed container.

‘What is the total volume of gas collected at room temperature at the end of the reaction?

A 80cm? B 100 cm? c 120 cm? D 140 cm?

The pH of a dilute hydrochioric acid is 2.
What will be the pH of the acid after the addition of 15 g of sodium chiloride?
A pH1 B pH2 C PpH7 D pH*10

Which of the following will react with agueous ammonium chioride to produce an alkaline
gas?

A calcium hydroxide

B  magnesium sulfate
C  sulfuric acid
D

zinc chloride
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26 The table shows the information about three different indicators.

indicator colour at pH 1 pH atc\;‘v::‘r;hecs:oiour colour at pH 12
congo red blue 5 red
phenolphthalein colourless 10 red
thymol blue red 3 yellow

Which of the following shows the comrect observations when each indicator is added

separately to a weak acid?

congo red phenolphthalein thymol blue
A blue colouriess red
B blue red yellow
C colourless red red
D red colourless yellow

26 Oxide of R is bubbled into a solution of oxide 6f Q. The graph shows the change in the pH

during the reaction.

What could be oxide of Q and R?

volume of oxide of R added /

oxide of Q oxide of R
A carbon monoxide zinc oxide
B copper(Il) oxide carbon dioxide
c nitrogen dioxide potassium oxide
D sodium oxide sulfur dioxide
PartnerinLeamning
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Element Q burns in air to give a product that dissolves in water to form an acidic solution.

What is element Q7

o O W

carbon
helium
hydrogen

iron

Which of the following is the best pair of reagents to prepare a pure sample of copper(1I)
sulfate crystais?

A

B
c
D

copper and sulfuric acid
copper{ll) carbonate and calcium sulfate
copper(1I) nitrate and sulfuric acid

copper(I) oxide and sulfuric acid

Which statement describes oxidation?

A

B
Cc
D

Electrons are gained and the oxidation state decreases.
Electrons are gained and the oxidation state increases.
Electrons are lost and the oxidation state decreases.

Electrons are lost and the oxidation state increases.

A carbon monoxide detector for a gas heater consists of a patch containing palladium
chloride crystais. When carbon monoxide is present, the crystals tum from orange to black
as the following reaction takes place.

CO (g) + PdCl (s) + HzO () - CO2 (g) + Pd (s) + 2HC! (aq)

Which element has its oxidation number increased?

A

B
C
D

carbon

chiorine

oxygen
palladium

End of Paper 1
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Section A
Answer all the questions in this section in the spaces provided.
The total mark for this section is 40.

A1 (a) Use the list of substances to answer the questions.

copper helium silver chloride
chiorine air steel
diamond iron silicon dioxide

(i) Which substance is ionic?

........................................................................................................ 1]
(i) Which substance is a compound with a giant molecular structure?
........................................................................................................ [l
(i) Which substance is a mixture containing both elements and compounds?
........................................................................................................ (1]
(iv) Which substance can be prepared by precipitation method?
........................................................................................................ 1]
(b} Draw a ‘dot-and-cross’ diagram to show the bonding in the substance in (a)(i).
Show the valence electrons only.
[2]
[Total: 6]
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A2 Complete the table.

nuclide notation of

particle number of proton number of neutron number of electron
39 .+
16K
15 17 18
[3]
[Total: 3]

A3 The table shows the variation of atomic and ionic radius of elements across Period 3,
excluding silicon and argon.

element atomic radius/ simple ion ionic radius/ number of electron
nm nm shells in simple ion
Na 0.191 Na* 0.102 2
Mg 0.160 Mg? 0.072
Al 0.130 AP 0.054 2
P 0.110 p* 0.212
S 0.102 g2 0184
“ 0.099 cr 0.181

(a) Complete the table to show the number of slectron shells in the simple ions of elements

Mgand P.

[2]

(b) Use the information from the table to explain why the radii of cations are generally
smaller than that of anions found in the same period.

(c) Suggest why there is no value stated for the ionic radius of argon.

PartnerinLeaming
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A4 The diagram shows an experimental set-up in which sulfur is formed in the reaction between
hydrogen sulfide and sulfur dioxide.

coloured solid

suifur hydrogen
dioxide [} Q sulfide
filter paper soaked with midpoint filter paper soaked with
acidified aqueous potassium acidified aqueous potassium
manganate(VII) manganate(VII)

The equation for the reaction between hydrogen suifide and sulfur dioxide is given below.
2HS (g) + SOz (g) — 38 (s) + 2H:0 (1)

(a) Draw a 'dot-and-cross’ diagram to show the bonding in hydrogen sulfide.
Show the valence electrons oniy.

12
(b) Explain why the coloured solid does not form at the midpoint of the tube.
..................................................................................................................................... 2]
(¢} Complete the table.
gaseous compound hydrogen sulfide sulfur dioxide
oxidation state of
sulfur
[2]
[Total: 6]
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A5 QOutline the preparation of a pure, dry sample of lead(Il) nitrate crystals from a named acid
and lead(IT} carbonate.

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

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

[Total: 4]
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A6 Titanium can be extracted from its ore, rutile, mainly an oxide of titanium. The graph shows
the mass of titanium metal that can be produced from pure and impure rutile.

impure ore pure ore

2

T

Paz

el

TO0

mass of
rutile ore /40¢

kg

100

EE133

o 160 200 300 400 500 500
mass of titanium metai / kg

(@) What is the mass of titanium that can be obtained from 500 kg of pure rutile?

{b) Hence, caiculate the empirical formula of rutile.

i3
[Total: 4]
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AT Boron nitride, BN, exists in two physical forms. The structures of these forms are shown.

O nitrogen

structure X structure Y

{a} Explain, in terms of structure and bonding, why boron nitride with structure X can be
used as a lubricant.

..................................................................................................................................... [3]
{(b) Suggest, with reasons, why boron nitride with structure X is unable to conduct

electricity.

..................................................................................................................................... [2]
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{c)

8

Explain, in terms of structure and bonding, why boron nitride with structure Y is used in
drill bits and cutting tools.

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

.........................................................................................................................................
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A8 Ammonia is used to make ammonium phosphate and ammonium nitrate.

(a)

(b)

(c)

{d)

Ammonium phosphate contains ammonium ion, NH4*, and phosphate ion, PO4™,
What is the formula for ammonium phosphate?

Phosphate Ions are present in the waste water from the factory making ammonium
nitrate. One way of treating the water to remove these phosphate ions is by adding
calcium ions. The calcium ions react with the phosphate ions to form a precipitate.

Write an ionic equation, with state symbols, for the precipitation reaction above.

The waste water alsc contains nitrate ions.

Explain why nitrate ions cannot be removed by adding calcium ions.

The bags of ammonium nitrate fertiliser have the following warning label on them.

Do not add fertiliser to soil that has been recently
treated with any lime-containing product.

The main lime-containing product used on farms is calcium hydroxide.

Why is it important not to add ammonium compounds to scils that have been treated
recently?

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

[Total: 6]
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Section B

Answer two questions in this section.

The last question is in the form of an either/or and only one of the altematives should be attempted.

B9

Instrumental techniques [n analysis
Flame tests for Group I elements

Flame test were used in 1850s. Robert Bunsen developed the Bunsen burner and used it fo
show that many metals give characteristic colours when they are heated in the flame. The
colour comes from light emitted by individual atoms when they become very hot. For example,

sodium gives a very intense yellow-orange colour. The table shows the flame coiours of
Group | elements.

element flame colour
lithium red
sodium yellow-orange
potassium pale violet
rubidium red-viclet
caesium blue-violet

Group | element emission spectra

Bunsen realised that, in practice, it was difficult to use flame tests to identify elements in
mixtures. In the 1860s, Bunsen worked with fellow scientist, Gustav Kirchhoff. They used a
spectroscope to split the colours of the flames into individual lines. They found that atoms of
an element each give a characteristic pattem of lines which is known as an emission
spectrum. Fig. 9.1 shows the emission spectra of some Group I elements.

Emission spectra from elements can be used as a reference. They can be compared with the
emission specitrum of a mixture so that individual elements in the mixture can be identified.

This technique is used today to analyse light from stars to work out which elements are
present in the star.

Element Emission spectrum

lithium

sodium
potassium

rubidium

400 _ 700
arbitrary scale
Fig. 9.1
PartnerinLeaming
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lon chromatography of a sample of water
In the 1950s, ion chromatography was developed. This techniques involves passing a sample
through a chromatography column, Different ions fravel through the column at different
speeds. A detector is attached to the end of the column. The results are printed out as a
graph.

The retention time is the time it takes each ion to travel through the column. lons can be
identified by retention times. The position of the peaks show the retention time of each ion.

The height of each peak (relative intensity) is proportional fo the relative amount of each
ion in the sample.

lon chromatography can be used to identify any ion, even those which contain mulltiple atoms,
such as sulfate ion.

The ion chromatography analyses of a sample of water from a natural source are shown in
Fig. 9.2 and Fig. 9.3.

Fig. 9.2 shows the ion chromatogram of positive ions in a sample of water.

E
-
by = ]
1.0 3
0.9
018 EI
|
- 0.7- -Br
0.6 _
relatve 0.5 i
intensity 0.4 : g
03 g2
~ = %’ ]
- (@} @« E
.1 %-Aa H
0+ . .
0 10 20
retention time / min
Fig. 9.2
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Fig. 9.3 shows the ion chromatogram of negative ions in a sample of water.

&

chlorid

1.0
0.9
0.8+
0.7

0-6
relative . 5-

intensity 0.4
0.3
0.2
0.1

sttt SIS

F‘-“'""'- bré;Tli'de

O 10 20
retention time / min

Fig. 9.3

(a) Bunsen said that it is difficult to use flame tests to identify elements in mixtures.

Explain why it is difficult to use flame tests to identify which Group I elements are in a
mixture.

PartnerinLearning
421




13

(b) This is the emission spectrum from a mixture.

400 700
arbitrary scale

(iy What conclusions can you make about which Group I elements this mixture does
and does not contain?

Explain your reasoning.

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

(i) What additional information would you need so that you could use the spectrum
to identify all the efements in the mixture?

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

PartnerinLeaming
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(c) Further analysis of the same sample of water that was tested by fon chromatography
was done.

() The sample was analysed to find out the concentration of sodium ions.
The first stage was to crystaliise solid salts from the water.

Give the formulae of three different sodium saits which could crystallise from the
water sample.

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

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

(i) The concentration of calcium ions in the water is 0.00420 mol/dm?.

Calculate the concentration of magnesium ions and the concentration of sodium
ions in the water.

(2]

(d) A student comments that the ion chromatograms give more information about mixtures
than the emission spectrum.

Give reasons to support his idea.

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

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

[Total: 12]
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EITHER

B10 A solution of a dibasic acid containing a polyatomic anion, X, with a concentration of
13.4 g/dm?, is titrated against sodium hydroxide solution of 0.200 mol/dm3. it is found that

15.2 cm® of this acid solution reacts exactly with 10.4 cm? of sodium hydroxide solution. The
products of the reaction are Na:2X and water.

(a) Calculate the concentration of this acid in mol/dm3.

[2]
(b) Calculate the relative molecular mass of the acid.
[2]
{c) Hence, deduce the identity of the acid and the salt produced.
..................................................................................................................................... [2]
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(d) Acid dissociation constant, K, is a quantitative measure of the strength of an acid in
solution. The table shows the Ka values of some common acids.

acid Ka

citric acid 7.4 x10*
ethanoic acid 1.8 x 10
hydrochloric acid 1.3x 108
sulfuric acid 1.0x 10°
phosphoric acid 6.9 x 10°

Using the information from the table, state and explain the relationship between the
strength of an acid and its Ka value.

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

[Total: 8]
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OR

B10 Lemons are known as citrus fruits as they contain an acid known as citric acid, CsHsO7. Citric
acid is a weak tribasic acid. In aqueous solution, the following reaction occurs.

CeHsO7 (aq) = CeHsO7* (ag) + 3H" (aq)

(a} Explain why citric acid is termed as a ‘weak tribasic acid’.

Citric acid can be used to remove rust, iron(llI) oxide. The equation for the reaction
between rust and citric acid is shown.

2CsHsC7 + Fex03 » 2CsH507Fe + 3H:0

(b}

In a separate experiment, 19.2 g of critic acid and 1.6 g of iron(III) oxide were reacted
together. At the end of the reaction, only 4.08 g of the salt was obtained.

(i) Identify the reactant in excess.

[2]

(i) Hence, or otherwise, calculate the percentage yield of the salt.

[3)

PartnerinLearing
426



BP~427

18

(iii) A student decided to add critic acid powder into a dry kettle to remove rust.
State and explain whether this method is effective for rust removal.

[Total: 8]

End of Paper 2
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2019 HS 3E Chemistry SA1 Answer

Paper 1
1 2 3 4 5 6 7 8 9 10
A C B B B A B B c B
(E) (E) M | (B (H) (H) (E)

1" 12 13 14 15 16 17 18 19 20

(E) | (B} | (B) | (E) | (H) (E) (E)

21 22 23 24 25 26 27 28 29 30

H | H | E |6 (H) € | B | (B)

Easy Hard -
Mark ‘ 15 6
Percentage 50% 20%

Paper 2

m

A1lai | silver chioride
i | silicon dioxide

lii | air

— | ] — ] —

iv | silver chloride

mf |mm

b 1-
correct
no. of
electrons
transfer
and
charges
of ions

1- correct
no. of
valence
slectrons
for all
atoms
(Ag+ ion
must be
represent
ed by
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empty
shell)
[6]
A2 19;20[1] ; 18{1] 1,1 E;E
32 P3- 1 1
15 ]
[31
A3ai2[1] ;3 [1] 11 EE
b Cations consist of 4 less electron shell as compared to anions inthe | 1 . E
same period, thus, the radius of cations are generally smaller.
C Argon atom has fully filled electron shells and thus do not form ion. 1 E
: [4]
Ada 1- E
correct
no. of
shared
electrons
1- correct
no. of E
valence
electrons
for all
atoms
b | Hydrogen sulfide (Mr = 34) has a smaller relative molecular mass/ | 1 E
lower density compared to sulfur dioxide (Mr = 64).
Therefore, hydrogen sulfide diffuses faster to the left than sulfur
dioxide to the right which resulted in the coloured solid forms nearer to | 1
sulfur dioxide.
c|-2 1 E
+4 1 E
[6]
A5 | Add excess lead(ll) carbonate while stirring into a beaker of warm
dilute nitric acid until no more can dissolve. 6 pts- 2m-E
m
Filter the mixture to remove the excess lead(ll) carbonate and collect
the filtrate, lead(ll) nitrate solution. 4-5
pis-3m
Heat the filtrate to evaporate the water until it is saturated.
2 -3 pts-
Cool the solution so that lead(ll) nitrate crystals can be formed. 2m
Filter to collect the crystals and 1-2pts-
im
wash it with a small volume of cold distilled water. an them between
pieces of filter papers.

PartnerinLearming
431




BP-~432

ABa | 300 kg of titanium 1
ABb Element Ti 0 1
Mass /g 300 000 200 000
No. of mole/ | 300000/48 = | 200 000 /16 = 1
mol 6250 125 00
Ratio 1 2
Empirical formulz Is TiOé 1
[4]
AT7a i Boron nitride with structure X has a giant molecular structure where the
" | boron and nitrogen atoms are covalently bonded to three other atoms 1
in layers of hexagonal arrangement.
A small amount of energy/force is required to overcome the weak | 1
intermolecular forces of attraction between the layers of atoms.
Thus, the layers of atoms can slide over each other easily and this leads | 1
to boron nitride being slippery, to use as a fubricant.
b | Al the valence electrons in boron are used for bonding. 1
' 1
Thus, there are no free moving electron or ion to conduct electricity.
c | It has a giant molecular structure with an extensive network / millions | 1
/ tetrahedral arrangement of boron and nitrogen_atoms are bonded by
strong covalent bonds.
1
A large amount of energy/force is required to overcome the strong
covalent bonds between the atoms in boron nitride with structure ¥,
making diamond hard.
[71
ABa | (NHs)s PO, 1
b | 2 POs* (aq) + 3 Ca* (aq) ¥ Cas(POs): () 1-
correct
formulae
of ions
and
balance
d
1 - state
symbols
¢ | The compound, calcium nitrate formed is a soluble salt, 1

thus unable to remove by filtration method.

1
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Ammonium compounds react with calcium hydroxide to release
ammonla io the atmosphere. The nitrogen element in fertiliser is lost in
the process.

BY9a

Flame colours of some metals are guite similar, e.g. Lithium is red and
rubidium is red-violet OR potassium is pale violet, rubidium is red-violet
and caesium is blue-violet [As long as the similar colour schemes are

compared]

The very intense yellow orange of sodium may affect or mask the
observation of other colours, such as the pale violet of potassium.

(6]
1

bi

Rubidium and sodium are present in the mixture while potassium and
lithium are not.

The 2 _double lines on the emission spectrum of rubidium can be
found on the given spectrum at around 400 and 650 of the arbitrary
scale.

The 1 double lines on the emission spectrum of sodium can be found
on the given spectrum at around 500 of the arbitrary scale.

However, the given emission spectrum of potassium and lithium do not
match the 3 unknown lines (550 -600] on the given spectrum.

bii

| will need the emission spectra of all Group | elements on the
Periodic Table with lines in the 550 — 600 regions.

ci)

NaCi
NaBr
NazS0.

1 (all
three
2m)

cii)

Concentration of Mg ions = 0.00420/ 0.6 x 0.15
= 0.00105 mol/dm?

Concentration of Na fon = 0.00420 /0.6 x 1.0
= 0.007 mol/dm?

[1]

(1l

lon chromatogram provides more information because it can be used to
identify more types of ions, even polyatomic like sulfate ions than
using the emission spectrum.

lon_chromatogram can also allow us to know the relative amount of of
each ions in the mixture based on the height of each Eak { relative

intensity.

(12}

EB1
0a

CacdVacid / CnaoHVnaon = 111
Caua = 0.200 x 0.0104 / 0.0152
= 0.13684
= 0.137 mol/dm? (to 3 s.{.)
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Motlar mass = 13.4/0.13684
=97.924
= 87.9 g/moi

Thus the relative molecular mass of the acid is 97.9.

The acid is dilute sufuric acid and the salt is sodium sulfate.

Strong acids have Jarger Ka values (positive power) while weaker
acids have lower Ka values (negative power).

Strong acids such as sulfuric acid have Ka values of 1.0 x 103/
hydrochloric acid 1.3 x 10% while weaker acids such as citric acid has
Ka value of 7.4 x 10/ ethanoic acid of 1.8 x 10 / phosphoric acid
6.9 x 103

*Must quote 1 corresponding values for a strong and a weak acid to
have the second mark.

010

A weak tribasic acid is a weak acid which partially ionised when
dissolved in water,

to give 3 moles of hydrogen ions for every 1 mole of the acid.

(8]
1

bi

No of moles of CsHs0, =19.2/(6x12+8x 1+ 7 x 16)
= 0.1 mol

No of moles of Fe:0;=1.6/ (56 x2 + 16 x 3)
= 0.01 mol

Mole ratio of CgHiO7: Fe:03; = 2:1

= 0.1 mol: 0.05 mol. (more than given
0.01mol)
Citric acid is in excess.

bii

Mole ratio of CeHsO7Fe : Fe:03; = 2:1

No of moles of of CsHsO7Fe =0.01 x 2
={.02 mol

Mass of CgHsO7Fe = 0.02x(12x6 + 1 x5+ 16 x 7 + 56)
=49¢

% yield of CeMHsO7Fe = 4.08 /4.9 x 100%
= 83.265%
= 83.3 % (to 3s.f.)

No, without the presence of water, the powdered citric acid do not
have hydrogen ions to react with the iron(lll} oxide in the kettle.

[8]
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Easy Hard
Mark 36 12
Percentage 51% 17%
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