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Section A [70 marks]

Answer all questions in the spaces provided.

1 Fig. 1.1 shows part of the Periodic Table with some elements shown.

H
C

Na | Mg Al | Si

K | Ca Fe Cu | Zn

Rb

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

Using the symbols in the diagram, give one element which

@)

(b)

(c)

(d)

(e)
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has a giant molecular structure,

forms a chloride that is soluble and with excess sodium hydroxide solution; the

white precipitate remains insoluble,

[Total: 5]



2  Silicon is a Group 14 element and is the second most abundant element in the Earth’s crust.
It can be extracted by heating sand (silicon dioxide, SiO;) with carbon to temperatures
approaching 2200 °C, producing carbon monoxide as a side product.

Naturally occurring silicon is composed of three stable isotopes and the mass spectrum of the
isotopes are as shown in Fig. 2.1.

relative 92.21
abundance/
%

4.70 3.09

| 1 *= isotopic mass
28 29 30

Fig. 2.1

(a) Write a balanced chemical equation for the reduction of sand into silicon.

................................................................................................................................ [1]
(b) Using the relative abundance of the 3 isotopes of silicon, calculate the relative
atomic mass of silicon.
relative atomic mass of silicon = ................ [2]
(c) Using the information in Fig. 2.1, explain why the isotopic mass for the 3 isotopes
of silicon is different.
................................................................................................................................ [2]
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(d) Use ideas about bonding and structure to explain the high melting point of sand.

[Total: 7]

3  Fig. 3.1 shows the set-up used to investigate the relative reactivity of metals A, B, C and D.
The metal strips and copper were first cleaned with sandpaper. Various metal strips were
connected in turn with the copper sheet and the voltage recorded.

{v)
R 3
clip

metal strip
under test

filter paper moistened
with sodium choride
solution 7z

copper sheet

Fig. 3.1

Table 3.1 gives the results of the investigation.

Table 3.1
metal under | direction of electron flow voltage
test in the external circuit recorded/ v
A AtoCu +1.40
B B to Cu -2.22
C AtoC +0.77
D AtoD +0.28
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(a) Arrange the four metals A, B, C and D in decreasing order of reactivity.

(b) Which of these metal(s) is/are less reactive than copper?

Explain your answer using concepts of tendencies of electron flow.

[Total: 3]

4  Six samples of metal carbonates are heated strongly until there is no further change in mass.

Table 4.1 shows the mass of solid remaining at the end of the heating.

Table 4.1
metal carbonate mass_before mass after
heating /g heating /g
calcium carbonate 2.00 1.30
copper(ll) carbonate 2.00 0.95
iron(ll) carbonate 2.00 1.12
magnesium carbonate 2.00 1.29
sodium carbonate 2.00 2.00
zinc carbonate 2.00 1.24

(a) State and explain, with the use of information from Table 4.1, which of the above

carbonates is the least thermally stable.

(b) Explain why sodium carbonate has no change in mass as compared to the other

carbonates in Table 4.1.
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(c) Metals are extracted from the metal carbonates by different methods.

Suggest and explain the methods that would be suitable for the extraction of
metals from the metal carbonates listed in Table 4.1.

................................................................................................................................ [2]
(d) Apart from the ease of thermal decomposition of metal carbonate, explain why the
mass of solid obtained after heating is different for each metal carbonate.
[2]
[Total: 7]

5 Transition elements are a block of metals found in Group 3 to 12 of the Periodic Table. Some
information about the transition elements in Period 4 are shown in Tables 5.1 and 5.2.

Table 5.1
element Sc Ti \ Cr Mn Fe Co Ni Cu Zn
dZ?;:X’ 299 | 450 | 596 | 7.20 | 7.20 | 7.86 | 8.90 | 890 | 8.92 | 7.14
'".e'““? 1541 | 1660 | 1890 | 1857 | 1244 | 1535 | 1495 | 1455 | 1083 | 420
point/°C
Table 5.2
element Sc Ti V Cr Mn Fe Co Ni Cu Zn
common +5 +6 :g +6
oxidation +4 +4 +5 +5 +5 +4 +4 42
states that +3 +3 +4 +4 +3 +3 +2
. +3 +4 +1
occurin +2 +3 +3 +2 +2
+2 +3
compounds +2 42 +2

(a) State one characteristic property of a transition metal that is not shown in both
Tables 5.1 and 5.2.
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(b) Two students were discussing their observation on the elements shown in Tables
5.1 and 5.2. The following are excerpts from their conversation.

Student A, “All elements shown are transition metals.”

Student B, “There are two metals shown that should not be considered as
transition metals.”

(i) Which two metals is Student B referring to?

(i)  Using relevant information in both Tables 5.1 and 5.2, explain why Student
B thinks in that way.

[Total: 5]
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6 Redox reactions are commonly found in biological and industrial reactions.

(a) During strenuous exercises, parts of the human body may experience low oxygen
levels, causing glucose in the human cells to be broken down into lactic acid to
provide energy for the cells.

The process of breaking down glucose into lactic acid involves many reactions.
One of the reactions is shown in Fig. 6.1. [NADH represents Nicotinamide Adenine

Dinucleotide]
O O O O
N/ \/
| + NADH +H* = | + NAD*
(|3 =0 ) HO — (|:— Ho
CH, CH,
pyruvate lactate

Fig. 6.1

(i) State which substance is reduced in the equation.

Using relevant information from Fig. 6.1, explain your answer in terms of
hydrogen.

..................................................................................................................... [2]
(i)  State the reducing agent.

..................................................................................................................... [1]

(b) The chemical equation between cyanide solution (sodium cyanide) and the gold
present in the ore is shown below:
4Au + 8NaCN + Oz + 2H,O — 4Na[Au(CN),] + 4NaOH

Use oxidation states to explain why this reaction is a redox reaction.
................................................................................................................................ [2]

[Total: 5]
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7 Hydrogen peroxide is unstable and decomposes to form oxygen gas and water. At room
temperature, the reaction can be very slow but the reaction can be sped up by heating the
mixture.

(&) Explain, in terms of collisions between particles, why a higher temperature affects
the rate of reaction.

................................................................................................................................ [2]
(b) Manganese dioxide can be used as a catalyst for the decomposition of hydrogen
peroxide. A student investigated the effect of the particle size of manganese
dioxide on the rate of the reaction. She added 3 g of fine manganese dioxide
powder to 25 cm?® of 0.4 mol/dm?® hydrogen peroxide solution in a conical flask and
measured the volume of gas produced every minute for 10 minutes. She then
repeated the experiment with 3 g of coarse manganese dioxide granules.
Fig. 7.1 shows the results she obtained.
60 ] T T T R =
50 /
!”
volume of 40
gas/ cm?®
201
101
0 1 2 3 4 3] 6 7 8 9 10
time/ minutes
Fig. 7.1
Key:
graph type type of manganese dioxide
(i) Indicate in the key, the type of manganese dioxide used for the
corresponding graph in Fig. 7.1. [1]
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10

(i) Describe and explain the difference in the shapes of the two graphs
obtained.

(iii) Sketch on Fig. 7.1, the graph obtained if 25 cm?® of 0.2 mol/dm® hydrogen
peroxide is decomposed using 2 g of coarse manganese dioxide granules
as catalyst. The reaction completes at 4 minutes. [1]

(iv) The concentration of hydrogen peroxide is often described as volume
strength.

This relates to the volume of oxygen that can be produced from a hydrogen
peroxide solution.

volume of oxygen produced = volume strength x volume of hydrogen
peroxide solution

Using relevant information from Fig. 7.1 and the formula above, calculate
the volume of oxygen produced if 18 cm? of hydrogen peroxide solution was
used.

volume of oxygen produced ...................ccen...... cm® [1]
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(v) Another student carried out an experiment to investigate the effect of
concentration of hydrogen peroxide solution on the reaction rate.

The results are shown in Fig. 7.2.

0.25

0.20

0.15

0.10

relative rate/ s?

0.05

0.2 0.4 0.6 08 1.0 1.2

concentration of hydrogen peroxide
solution iodide/ moldm-3

Fig. 7.2

Using relevant information in Fig. 7.2, calculate the time taken, in s, for the
reaction when the concentration of hydrogen peroxide solution used was

0.6 mol/dmé.

time taken .......ocvvveeeeeee, s [1]

[Total: 8]
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8 The electrolysis of concentrated aqueous hydrochloric acid was carried out using the

apparatus as shown in Fig. 8.1.

carbon ‘ ‘ }> carbon
electrode X |~ electrode Y

: S
oo o — tube P
—
gas syringe / beaker
concentrated - :-: agueous
aqueous potassium iodide

hydrochloric acid

Fig. 8.1

(a) Construct the half equations, with state symbols, for the reactions at the
electrodes.

electrode X

(b) The gas discharged at electrode Y is bubbled into a beaker containing aqueous
potassium iodide.

With the aid of a balanced chemical equation, describe what you would observe
in the beaker.

(c) After the electrolysis was allowed to proceed for some time, it was observed that
a new product was formed at carbon electrode Y.

(i) Suggest the identity of this new product.

Explain your answer.
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(ii)  After allowing the electrolysis to carry on for a while with the new gas
identified in 8(c)(i) coming out from tube P, it was found that 30 cm?® of gas
was collected in the gas syringe in Fig. 8.1.

Deduce and explain the volume of this new gas produced at electrode Y as
identified in 8(c)(i).

..................................................................................................................... [2]
(iii) Determine the number of moles of electrons that have passed through when
30 cm? of the gas, as identified in 8(a), was collected at the gas syringe.
number of moles of electrons........................ [2]

[Total: 10]
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9 Organic substances are commonly found amongst us.

(@) Table 9.1 shows the names and structural formulae of some hydrocarbons with 5
carbon atoms.

Table 9.1
no. of
carbon alkane cycloalkane alkene
atoms
H H
H H H H H H \C/ H H H H H H
R A Sl W R N N
H—C—C—C—C—C—H C C C=C—C—C—C—H
R £y N | | 1]
5 H H H H H v e—c. P |[H H H H
W\ T
H H
pentane cyclopentane pentene

(i)  Using the information from Table 9.1, explain why pentene and cyclopentane
are isomers, but pentane and cyclopentane are not.

(i) Describe a chemical test that can be used to distinguish between
cyclopentane and pentene.

test
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(b) Pentene can go through a series of reaction to form a sweet-smelling liquid, as
shown in Fig. 9.1.

H H H H H R
N | | | | ——  pentanol
C=C—C—C—C—H

/ || | \ HHHHO
R

H
0B H—C—C—C—C—C—OH
R I
pentene HHHH
S methanol, heat
with concentrated
pentane sulfuric acid

T

Fig. 9.1

(i) State the reagents and / or conditions required for the following reactions.

R
S [1]
(i)  Draw the full structural (displayed formula) of T. [1]
full structural formula of T:
(iii)  State the chemical name of T.
...................................................................................................... [1]
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(c) Styrene exists as a colourless oily liquid at room temperature. Fig. 9.2 shows the
structure of styrene is shown below.

)
O
Fig. 9.2

For this question, it may be assumed that the benzene ring (Q) is inert.

When styrene is exposed to air, heat or light, it quickly undergoes addition
polymerisation to form a hard, rubber-like solid, poly(styrene).

(i) Draw poly(styrene), showing at least 2 repeat units. [1]

(i) Describe one environmental problem that poly(styrene) poses.

[Total: 9]
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10 Alcohols can be classified into different types - primary, secondary or tertiary alcohols,
according to the number of alkyl groups bonded to the central carbon atom to which the
hydroxyl functional group is attached to.

An alkyl group consists of carbon and hydrogen atoms. It is formed by removing one hydrogen
atom from the alkane chain. The alkyl group will then attach to a carbon chain, forming a
branch. An alkyl group is usually represented using the symbol R.

Examples of alkyl groups can be methyl (-CHs), ethyl (-C2Hs), propyl (-CsH7), butyl (-CaHo),
etc.

Table 10.1 shows the different types of alcohols and their structures.

Table 10.1
no. of alkyl groups
type of alcohol attached to the \
g carbon atom with structure
hydroxyl group
|
primary 1 R- t|:— OH
H
?
secondary 2 R- Ell - OH
H
R
tertiary 3 R- (‘3 — OH
R

Some examples of the different types of alcohols are shown in Fig. 10.1 and 10.2.

I
 H-C-H;
o -
H-G-Cre-OoH RO E-On
i H HIH . _HIH
propan-1-ol propan-2-ol
Fig. 10.1 Fig. 10.2

Each dotted box in Fig. 10.1 and Fig. 10.2 shows one alkyl group. Propan-1-ol contains one
alkyl group, hence it is a primary alcohol and propan-2-ol, having two alkyl groups attached
to the carbon atom with the hydroxyl functional group, is a secondary alcohol.
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The boiling point of an alcohol is affected by the number of alkyl groups attached to the carbon
atom with the hydroxyl group.

Table 10.2 shows the boiling points of three different alcohols with molecular formula C4H100.

Table 10.2
alcohol butan-1-ol butan-2-ol 2-methylpropan-2-ol
o 1o " g
structure H_C\:-?-C_?—OH H-C-C-C-0OH H—C|2—|C—OH
| [
H HH H H H H H CHs
boiling
point/ °C 118 99 82

Alcohols can behave as weak acids and react with sodium metal to form alkoxides and
hydrogen gas. Some examples of the reactions between alcohols and sodium metal are
shown.
2C,Hs0OH + 2Na — 2C,HsO'Na* + H»
ethanol sodium ethoxide

2C3H;OH + 2Na — 2CszH;O'Na* + H»
propanol sodium propoxide

The acidity of an alcohol is also affected by the number of alkyl groups attached to the carbon
atom with the hydroxyl group.

The strength of an acid is indicated by pKa. The smaller the value of pKa, the stronger the
acid. The larger the value of pKa, the weaker the acid.

Table 10.3 below shows the pKa values of the three alcohols from Table 8.2 and a few
carboxylic acids.

Table 10.3
substance pKa
butan-1-ol 16.1
butan-2-ol 17.6

2-methylpropan-2-ol 19.2
ethanoic acid 4.77
butanoic acid 4.82

(&) Which alcohol shown in Table 10.2 is a tertiary alcohol? Explain your answer.
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(b) Draw the structure of a secondary alcohol with the molecular formula CsH120. [1]

(c) (i) Describe the trend in the boiling point and the number of alkyl groups
attached to the carbon atom with the hydroxyl functional group in Table
10.2.

..................................................................................................................... [1]
(i) Suggest a reason for your answer in (c)(i).
..................................................................................................................... [1]
(d) State one similarity and one difference between the reaction of an alcohol with
sodium compared to the reaction of a carboxylic acid with sodium.
similarity:
difference:
............................................................................................................. [2]
(e) Describe the relationship between the number of alkyl groups attached to the
carbon atom with the hydroxyl group and the acidity of the alcohol.
............................................................................................................. [1]
(f)  With reference to Table 10.3, suggest the substance that will react most vigorously
with sodium.
Using information from Table 10.3, explain your answer.
............................................................................................................. [2]
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(g) Butanoic acid can be produced from butanol using a laboratory reagent.

(i) Name a suitable reagent for the above reaction.

(i) Describe the observations for (g)(i).

[Total: 11]
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Section B [10 marks]
Answer one question from this section.

11 (a) Fig. 11.1 shows citric acid ionises when it is dissolved in water.

G%C _O0—H G“‘*‘c O

0 H—I{'!":—H 0 H—(I:—H
C——C—O0—H %G—CII—D—H + 3H*

H—0 H—fIJ—H 0 H—fI:—H

o” " ~o—n o” o

Fig. 11.1
Two conical flasks, X and Y, both contain 100 cm?® of 0.50 mol/dm? of different
acids. Flask X contains dilute sulfuric acid while Flask Y contains citric acid.

Excess iron was added into both flasks. The gas produced was collected and
measured. The following observations were made and recorded in the table.

observation 1 | Effervescence of colourless gas was more rapid in flask X.

observation 2 | The volume of gas collected from flask Y is larger.

Explain observations 1 and 2.

observation 1
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(b) Bath bombs are a mixture of dry ingredients, packed lightly into various shapes.
The label shows some common ingredients found in a typical bath bombs.

- Ingredients:
AP sodium hydrogen carbonate, citric
’ acid, titanium dioxide, tin oxide,
Ry benzyl alcohol

Suggest why a bath bomb will produce effervescence when dropped into water.

(c) A sample of agueous citric acid was titrated with agueous potassium hydroxide to
obtain potassium citrate salt, which decomposes at 230 °C.

Describe, in steps, how you would obtain pure dry crystals of potassium citrate
from its solution.

(d) Outline a simple experiment which you could carry out to determine whether a
mixture with water contains an ionic or a covalent compound.

Your answer should also describe the observations that would lead to the
conclusion.
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(e) A student investigates the amount of silver that forms on the negative electrode

during the electrolysis of aqueous silver nitrate using carbon electrodes.
The following shows the half-equations at the electrodes.
Anode: 40H(aq) > 2H20(l) + Oz(g) + 4e

Cathode: Ag*(aq) + e 2> Ag(s)

Table 11.1
experiment | temperature | duration of current | concentration | mass
/°C electrolysis | passed of solution/ of
I's through mol/dm?3 silver
solution/ A /g
1 25 100 9.65 1.0 0.108
2 30 100 9.65 1.0 0.108
3 25 100 9.65 0.5 0.108
4 25 200 9.65 0.5 0.216
5 25 100 19.3 1.0 0.216

Table 11.1 shows how the mass of the silver formed is affected by four factors.

Suggest how the mass of the silver formed is affected by the four factors.

Use evidence from the table to explain your reasoning.
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12 (a) Halogens can react with hydrogen to form hydrogen halides.

The following equations show the formation of hydrogen halides, hydrogen
chloride and hydrogen fluoride.

reaction 1: Hz(g) + Clz(g) — 2HCI(g)
reaction 2: Hx(g) + F2(g) — 2HF(g)

Fig. 12.1 shows the energy profile diagrams for reactions 1 and 2.

reaction 1

energy/kJ
A

Ea=679 kJ

H2(g) + Cl2(9)

AH =-185 kJ

2HCI(g)
>
progress of reaction
reaction 2
energy/kJ
A
Ea =595 kJ
Ha(g) + F2(0)
AH =-543 kJ
2HF(g)
P

progress of reaction

Fig. 12.1

2024_4-G3_ PRELIMS_ CHEMISTRY _PAPER 2



25

(i) Explain why the activation energies for both reactions are different.

..................................................................................................................... [2]
(ii) Calculate the energy released during the formation of bonds for both
reactions 1 and 2.
energy released forreaction 1: ...............oooiinll. kdJ
energy released for reaction 2: ................cooiin. kd [2]

(iif)  From your results in (a)(ii), state whether the hydrogen chloride bond or
hydrogen fluoride bond is stronger.

..................................................................................................................... [1]
(b) Respiration, combustion and photosynthesis are important processes in the
carbon cycle.
Describe how the carbon cycle regulates the amount of carbon dioxide in the
atmosphere.
[3]
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(c) Avocados contain amino acids like glycine, alanine and serine as shown.

| ) |
H2N— IT‘»—COEH H2N—(|3—CC)2H H2N—C‘3—COEH
H CH, CH,OH
glycine alanine serine

A polyamide is made from repetitive sequences of —glycine—alanine—serine—.

Draw the structural formula of one repeat unit of this polyamide. 2]

[Total: 10]

End of paper
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@)

(b)

(i)
[1]

(iii)

...................................................................................................................... [1]

[1]

[2]

[1]

[Total: 10]
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