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2
1 Use of the Data Booklet is relevant to this question.
How many molecules are present in 1 cm? of oxygen gas under room conditions?
A 2x6.02x10%
24000
B 1x 24000
6.02x10%
C  1x6.02x10%
24000
D 6.02x10% x 24000
1x1000
2 The proton and an electron moved at the same speed perpendicular to a uniform electric field.
What deflection is observed?
A They are deflected in opposite directions. The proton is deflected most.
B  They are deflected in the opposite directions. The electron is deflected most.
C They are deflected in the same direction. The proton is deflected most.
D They are deflected in the same direction. The electron is deflected most.
3 Which molecule contains the same numbers of bonds sigma and pi bonds?
A HCHO B Nz c HCN D H,0
4  U,Osis a catalyst, prepared by heating a uranium nitrate salt, UO2(NO3).. This salt decomposes
guantitatively to give UsOs, NO2 and Oz only.
How many moles of Oz are produced from one mole of the salt?
A Hb
B 1/2
c 2 /3
D 2
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5  5x10? mol of solution of a metallic salt was found to react exactly with 2.5 x 10 mol of aqueous
sodium sulfite. In this reaction, the sulfite ion is oxidised as follows:

S0s%(aq) + H0{}) —> SO (aq) + 2H* (aq) + 2e
What is the new oxidation number of the metal in the salt if its original oxidation number was +3?
A+ B +2 c +4 D +5
6  Shikimic acid is a naturally occurring compound found in the spice plant star anise, also known

as Japanese flower shikimi.

o) CH

HO OH
OH

Shikimic acid
What is the percentage composition by mass of carbon in shikimic acid?

A 48.3% B 48.8% c 49.7% D 50%

1 Use of the Data Booklet is refevant to this question.

Which of the following ions contains an unpaired electron?

A Ca*
B Cu®
cC K

D Ti*

8  Which of the following pairs of compounds shows the same shape and similar bond angles?
A AICl and PCls
B BeClhand COs
C 80:and CO:
D

BeCl and H:0

@YiLC [Turn Over

PartnerinLeamning
More papers at Mestpapersfree.com




9  Which of the following can form hydrogen bonding?

cC O W P

1 NHCI (s)

2  NHa()

3 CHsCH,CHzOH ()
1 and 2 only
2 and 3 only
3 only

All the above

BP-758

10  Which of the foliowing shows the sequence of the magnitude of lattice energies of the following
compounds in ascending order?

I
n
m

v
A
B8
c
D

NaC!
RbC/
MgS
BaS
LI, I, IV
IL 1, IV, I
oL Iv, LI

v, I I, 1

11 Which equation correctly describes the reaction whose AH, is the standard enthalpy change of
formation of cabon monoxide at 298K?

@YNC

A

B
c
D

C(g) + O(g) » CO(g)

C(g) + ¥ Oz(g) — CO(g)
C(s) + ¥z O2(g) —» CO(g)
2C(s) + 02(g) —» 2C0O(g)
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12 A chemical plant illegally dumped two radioactive isotopes P and Q in a landfill. The amount of P
is 4 times the amount of Q. The radioactive decay of isotopes follows first-order kinetics. The
half-life of P is 2 days whereas that of Q is 8 days. By the time the authorities found out about
this illegal dumping and analysed a sample of the waste, the ratio of P to Q was found to be 1:2.

How long was the waste in the landfill before the authorities amrived?

A 8days

B 16 days
C 32days
D 64 days

13  Which arrow on the reaction pathway diagram shows the enthalpy change of reaction for the
reverse reaction?

energy

reactants

v

extent of reaction
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14 Hydrogen and nitrogen monoxide can react to form nitrogen and steam.
2H2(g) + 2NO(g) = Nz(g} + 2H:0

The rate of this reaction is first order with respect to hydrogen and second order with respect to
nitrogen monoxide.

Which of the following conciusions can be drawn from this information?

A The value of rate constant depends on the concentrations of hydrogen and nitrogen
monoxide.

B  The overall order of reaction is two.

C Doubling the concentration of nitrogen monoxide increases the rate of evolution of
nitrogen gas by 4 times.

D Halving the concentration of hydrogen will not change the rate of reaction.

15 The following equilibrium exists in a mixture of concentrated nitric acid and concentrated sulfuric
acid.

HNOQ;3 + H280s == HaNO3* + HSO4~
Which of the statements is correct?
A HNOas is a stronger acid than H2S0..
B The nitric acid acts as an oxidising agent.
C The sulfuric acid acts as a dehydrating agent.
D

HNOQ; and HzNOs* are a conjugate acid—base pair.

16 A mixture was made by adding 10 cm® of a solution of pH 1 to 30 cm? of another solution of
pH 5. What is the final pH of the mixture?

A 186
B 25
cC 30
D 40
@ylJC [Turn Over
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7

17  The gallium hydrate hydrolyses as shown below.
[Ga(H0)** (aq) = [Ga({H:0)sOHJ** (aq) + H:O* (aq) AH = positive
Which of the following statements about the equilibrium are true?
1 [Ga(H:0)]** is more stable at low pH values.

2 Increasing the temperature will favour the formation of [Ga(H20);:OHJ**

3 Increasing the concentration of [Ga(H20)e}** will increase K. as the
forward reaction is favoured.

1 only
1 and 2 only

2 and 3 only

o o o >

All the above

18 When pressure is increased for a homogeneous gaseous system at equilibrium, the position of
equilibrium shifted to the right.

Which of the following could be the units of the equilibrium constant, K., for this system?
A mol'dm?
B  moldm?®
C molfdm?®
D

no units

19 Which property decreases from NazO to P4O+o for the oxides of period 3 elements?
A melting point
B covalent character
C  solubility In aqueous alkali
D

pH when mixed with water
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20 The proton number of the element P is less than 20.

The chloride of element P has a simple molecular structure, and is readily hydrolysed in water to
give an acidic solution.

The oxide of P is insoluble in water.

In which Group of the Periodic Table is P likely to be found?

A Group 1
B  Group 2
C Group 14
D Groupi5

21  Which of the following series does not have a decreasing trend?
A  atomic radius of P, S and C/
B  melting point of Si, Pand 8§
C ionic radius of Na*, Mg?* and A#*
D

electrical conductivity of Al, Siand P

22 Which of the following statements are true about the elements in Group 1 of the Periodic Table?
1 The ionic radius increases down the group.

2 The reducing power increases down the group.

3  The electronegativities decrease down the group.

1 and 2 only
1 and 3 only

2 and 3 only

o o W »

Ali the above
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23  sodium hydroxide reacts with chloropropane in a series of steps to produce propanoic acid.
tep 1 tep 2
CHiCH2CHCl 2> Q—P25  CHaCH.COOH

What are the identities of the reagents for step 1 and step 2, and the organic intermediate Q?

step 1 Q step 2
A CrO77f H* CHsCH-CH,OH KMnQOg4 / H*
B NaQH/ethanol CH3CH-CH. H2S04(aq)
Cc NaOH(aq) CH;CH2CH,OH Cr:074f H*
D NaBH4 CH3CH2CH2CHs KMnQOa4/ H*-

24 Which of the following pairs of compounds can be distinguished by using acidified potassium
manganate(VII) solution?

A pentan-2-one and pentan-3-one

B pentan-2-one and pentanal

C propan-1-ol and propan-2-ol

D  2-methylpropan-2-ol and pentan-2-one

25 When 2-methylbutane reacts with limited chiorine gas in the presence of uv light
monochlorinated compounds are formed.

/CH3
CH,CH,
2-methyibutane
Wﬁich of the foliowing statements is not correct?
1 Hzmolecule is a by-product of the reaction.
2 Four different monochlorinated isomers may be formed.

3 The reaction can take place if heat is used instead of uv light,

A 1only
B 2Zonly
C 1and2only
D Al the above
@Yylc [Turn Over
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26 Alcohols can be classified into primary, secondary and tertiary alcohols. How many structural
isomers are there for each type with the formula CsH:20?

primary secondary tertiary
A 3 2
B 4 2 2
c 4 3 1
(M) 5 2 1

27 Which compound can undergo a reaction when treated with hot ethanolic potassium hydroxide?
A CH:Br:
B CBrCBrs
C  (CHa)CCBr2
D CHiCBr:CHs
28 Butanoic acid was heated under reflux with a mixture of ethanol and propanot in the presence of
concentrated sulfuric acid. Which of the following is a possible product of this reaction?
A  ethyl propanoate
B  propyl butanoate
C  butyl butanoate
D

propyl ethanoate
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29 Poly(ethane) cup is attached to the pelvic girdle by bone cement in an artificial hip joint. The
formation of the cement is highly exothermic and involves polymerisation of the monomer
methyl-2-methylpropenoate, CH=C(CH3)COOCHj.
Which statements abouit this polymerisation are comect?
1 More energy is released in making two C-C bonds than in breaking a C=C bond.

2 The formation of the cement occurs by condensation polymerisation.

3 The polymer can form strong hydrogen bonds between layers.

A 1only

B 1and2only
C 2and3only
D Allthe above

30 Which of the following statement regarding the properties of high density polyethene (HDPE) and
iow density polyethene (LDPE) is least likely to be correct?

A HDPE is harder than LDPE.

B HDPE has a higher melting point than LDPE.
C HDPE has more branching than L.DPE.
D

HDPE is less flexible than LDPE.
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Answer all the questions in this section, in the spaces provided.

2

Section A

The element magnesium, Mg, is a metal which is used in many alloys which are strong and
light. Magnesium can exist as a number of different isotopes.

@)

What is meant by the term isotope?

(b) (i) Complete the table below for two of the isotopes of magnesium,

[2]

isotopic species number of number of number of
proton neutrons electrons
23Mg
14 11
[2]
[Turn over
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(ii)

3

The relative atomic mass of an element can be determined using data from its
mass spectrum. The mass spectrum of an element reveals the abundances of

these isotopes, which can be used to calculate the relative atomic mass of the
element.

The mass spectrum of a sample of magnesium, with the percentage of
abundance of each isotope is shown below.

100% - -
90% wm_...,,,..‘.m.,‘.n..mu..n..._.....ww.,...,w,.,m,T,s:a. B — f
20% e P - H
0%
0%

Percentage 50%
abundance 40%

/% 30%
20%

10%

0%

20 21 22 23 24 25 26 27 28 1%
Relative Mass

Calculate the relative atomic mass, Ar, of magnesium in the sample.
Express your answer to two decimal places.

[

(¢) Successive onisation energies for the element Magnesium are given in the table.

Element 1%t ionisation energy 2" jonisation 3 ionisation
/ kJ mol-! energy / kJ moi-! energy / kJ mol™
Mg 736 1450 7740
Al 577 1820 2740

M

eYle

Complete the electronic configuration of the following particles:

Mg 1s?

Al 1g?

[2]
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4

(1) Explain why the 1% ionisation energy of aluminium is lower than that of
magnesium.

(2]
(iii) Explain why there is a large increase between the 2™ and 3" ionisation energies
of magnesium.

BP-770

[2]
[Total: 11]

2  The main ore of manganese, pyrolysite, is mainly MnO.. A solution of SnCl; can be used fo
estimate the percentage of MnO; in a sample of pryolusite, using the foliowing method.

« A known mass of pyrolysite is warmed with an acidified solution containing a known

amount of SnCla.
‘a The excess Sn?(aq) ions are titrated with a standard solution of KMnOa.

In one such experiment, 0.110 g of pyrolysite was warmed with an acidified solution containing
2.00 x 10-3 mol Sn?. After the reaction was complete, the mixture was titrated with
0.0200 mol dm~2 KMnOs, and required 18.1 cm® of this solution to reach the end point.

The equation for the reaction between Sn? and MnO: is as follows:

MnO, + 4H* + S"®* ——> Mn?* + 2H0 + Sn*

Acidified KMnO. oxidises Sn?*. The reduction and oxidation half equations are as follow:
MnO4 +8H* + 58 —— Mn? + 4H0
Sn®* — Sn* +2e

(a) Write the equation for the reaction between MnO4 and Sn?* in acidic medium.

]
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(b) (i) Calculate the number of moles of MnO4~ used in the titration.
M1
(ii) Calculate the number of moles of Sn** that reacted with 0.110 g sample of
pyrolysite.
[2]

(iif)  Calculate the mass of MnO; in 0.110 g of pyrolysite.

(]

(v}  Calculate the percentage of MnO: in pyrolysite.

[1]

{6) In the experiment, the student did not ensure complete reaction between Sn2* and
pyrolysite and continued with the titration with KMnQ..

Explain the effect, if any, that the error wilt have on the amount of, in moles, of MnO4~
calculated in (b)(i) and thus the percentage of MnO: calculated in (b){(iv).

(1]
[Total: 7]
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3 Structure and bonding can be used to explain many of the properties of substances. Copper
and iodine are both solids with the same face-centered crystal structure which is shown below.

The particies present in such a crystal may be atoms, molecules, electrons, anions or cations.
In the diagram above, the particles present are represented by @.

(a) Copper, silicon(IV) oxide, sodium chioride and iodine are all examples of crystalline
solids, though the crystalline solid may be a different structure.

Complete the table with:
s the type of particles present in each crystalline solid
« the name of a type of lattice structure found in each crystalline solid

crystalline solid particles type of lattice structure
copper

silicon(IV) oxide

jodine

(2]

{b) When separate samples of silicon(IV) oxide or lodine are heated to 100°C, the
silicon(IV) oxide remains as a solid while the jodine tums into a vapour. Explain, in terms
of the bonding present in the solid structure, why silicon(IV) oxide remains a solid at

100°C.

BP-772

[l

{c) The acid and base behaviour of oxides, magnesium oxide, aluminium oxide and
silicon{IV} oxide, show periodic trends.

] Aluminium oxide is said to be amphoteric. Write equations to illustrate this fact.

(2]
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(i)

7

Write balanced equations, if any, to illustrate how magnesium oxide and
silicon(IV}) oxide differ in their behaviour when reacted with

I acids and bases
I water

(3]

{(d) The elements in Group 17, the halogens, and their compounds, show many similarities
and trends in their properties. Some data are given for the elements fluorine to iodine.

(B

(if)

©YlJC

HF HC! HBr HI
boiling point / °C +20 -85 -67 -35
bond energy / 562 431 366 299
kJ mol! '

Explain the trend in the boiling points of the hydrogen halides, HC/, HBr and HL

(2]

Suggest why the hydrogen halide HF does not follow the trend in boiling points
shown by HC/, HBr and HI.

[
[Total: 11]
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4 About 3,000 tonnes of ammonium nitrate, NHsNOa(s) detonated and resulted in an explosion
in Beirut, Lebanon on 5 August 2020, that killed at least 80 people and injured thousands
more. It was reported that the ammonium nitrate was stored in a warehouse without proper
safety controls.

[1 tonne = 1000 kg]

(a) Ammonium nitrate primarily breaks down into a number of gases: nitrogen, water vapour
and oxygen. Construct an equation for the decomposition of ammonium nitrate.

[

(b} Calculate the total volume of gas evolved at room temperature pressure when 3,000
tonnes of ammonium nitrate is detonated.

[2]
(c) Ammonium nitrate can be formed by the reaction of ammonia with concentrated nitric
e NHa + HNOs; ——> NH4NO3
Suggest the type of reaction and the role of NHs; in the above reaction.
type of reaction
role of NHs
(2]
(d) Draw the structure and suggest the shape of ammonium ion.
{2
[Total: 7]
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5  The oxidation of bromide ions by bromate(V) ions, BrOs, in acidic solution is represented
by the equation below.

5Br + BrO;~ +6H* —— 3B + 3H0

Experiments are conducted to investigate how the rate of reaction depends on the
concenfration of each of the three reactants. The following graph shows the result of an
experiment measuring [BrOs7] over time, while the concentrations of two reactants were
in excess and kept constant.

0.011 1
0.01 t
0.009 \3
0.008
0.007 _ ==
0.006
0.005
[BrOs] 0004
/ mol dm™ 553

0.002 £= =

0.001 ks'w

0

o 40 80 120 180 200 240

Time /s
The concentration was determined at regular time intervals as the reaction progressed.

(@) Showing all working, and clearly any construction lines on the graph. Use the graph
to determine:

(1} the order of reaction with respect to BrOs",

(2]

(i} the initial rate, in mol dm=2 s-".

[]
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10
(b} {I) The order of reaction with respect to [H*] and [Br'} is one and zero respectively.

Using your answer in (a)(i) and the info provided, write the rate equation for this
reaction.

(1]

() State and expiain the effect on the rate of this reaction when only [Br] is
increased by 2 times.

[

(c) The rate of reaction was measured as 8.20 x 10 mol dm= s' when
[Br] = 0.10 mol dm?, [BrOs7] = 0.10 mol dm=and [H"] = 0.40 mol dm=

Determine the rate constant for this reaction and state its units.

[2]
[Total: 7]

6 Crotonaldehyde is an aldehyde that has a molecular formula of C4OHs. The main use of it
is to prepare sorbic acid which is used as food preservative.

(a) (i) Crotonaldehyde is able to exhibit cis-trans isomerism.

Draw the formula of the cis-trans isomers of Crotonaldehyde in the boxes
provided.

cis-isomer trans-isomer

[2]

eYNC [Turn over
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(ii) Crotonaldehyde reacts with aqueous bromine. Name the functionai group in
crotonaldehyde that reacts with bromine and write down the observations of the

reaction.

reagent functional group present

observation

afjueous bromine

[]

(b} Fig 6.1 shows a possible reaction sequence with crotonaldehyde as an intermediate

product.

step | Hiquid
C4Hs0 C4HeO bromine C4HgOBr,
Alcohol H Crotonaldehyde Compound F
Fig. 6.1
{i) Suggest the reagents and conditions for the step 1.
reagent(s)
condition(s)
[2]
(ii) Draw the skeletal structure of compound F.
[1
@YIJC [Turn over
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(¢) In recent developments, there is increasing awareness of diminishing supply of crude
oil has placed much attention on PLA (polylactic acid) as it is biodegradable. Lactic acid
is produced from comn starch and has the structure shown below.

CO,H
Coon,
CH,

The glass transition temperature of PLA is between 60°C - 70°C and a melting point of
175°C. The Glass Transition Temperature is the temperature at which the polymer
structure turns from hard to viscous liquid or rubbery structure when heated.

M Draw the section of the PLA polymer showing 2 repeat units.

M

(i) Explain why PLA would not be a suitable packaging material for foods pickled in
vinegar.

[1]

(i)  PLAs containers are not used for hot drinks. Suggest why.

[1]

(iv)  Suggest a reason why PLA is popular packaging material, other than it is
biodegradable.

(1

@YlJC [Turn over
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(d) Another useful development is a range of polymers known as hydrogels, which are
hydrophilic and can absorb large quantities of water. The presence of side chains in the
polymers can react to form cross-linked. The hydrogel formed below, is formed from
chains of one polymer which are cross-linked using another molecule.

N
o Ng

The monomer of this polymer chain is CH:2CHCOOH.

] State the type of polymerisation used to form these chains.

[1]

(i) Draw the structure of the molecule used to cross-link the polymer chains.

[1]

(iil)  Predict if these polymers can be recycied. Explain your answer.

[2]

©YLC [Turn over
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(iv)  Not every available side chain in the polymer is cross-linked, and the amount of
cross-linking affects the properties of the hydrogel.

1  Once the hydrogel has absorbed water, it can be dried and re-used a
number of times. Suggest why the amount of crass linking has little effect
on the ability of hydrogel to absorb water.

"

O Suggest one property of hydrogel that will change if more cross-linking
takes place. Explain how the increased cross-linking brings about this
change.

{2
[Total: 17]
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Section B

Answer one question from this section, in the spaces provided.
7 (a) A hydride of nitrogen, Q, contains 12.5% of hydrogen by mass.

(iy Calculate the empirical formula of Q.

(]

(i) When Q was heated strongly, it decomposes into its elements. 10 cm® of Q gave
30 cm® of products (volumes are measured under the same conditions).

What is the molecular formula of Q7

[2]

eY1JC [Turn over
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{b) A solution of benzoic acid, CrHsO: is added to 20.00 cm? of aqueous sodium hydroxide.
The change in pH was measured and the following titration curve was obtained.

pH
14 1

i voi of
0 T T T T T T T T T T CesCOH /
] 10.00 20.00 30.00 40.00 50.00 cm?®

{) Using the titration curve, calculate the concentration of OH- at the beginning of
the reaction.

(11

(i) Suggest why phenoiphthalein is a suitable indicator for the above reaction and
state the expected colour change.

[2]

(i) Using the answer in (b){i), calculate the concentration of the solution of benzoic
acid. '

[2]
©YLC [Turn over
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(¢} The diagram below shows the energy cycle involving reactions of C;HsO, C/HsO;s and
C7Hs02,
CrHeO()) + CrHeOa(s) + 1502(g) » 2C/Ha0x(s) + 1504(g)

AH? AMHE,
AH%
14C(s) + 6Ha(g) + 1704(g) » 14C04(s) + 6H0()

AH?; carbon = -393.5 kJ mol™
AH®: hydrogen = —285.8 kJ mol™’
AH% CHsO{) =  —87.0 kJ mol

AH% C7HgOa(s) = -367.0 kJ mol™!
AHE. C7HsO4(s) = —3228 kJ mot!

()  Use the energy cycle and data above to calculate the value for AH?, AH% and
AH?S.

[3]
(i)  write an equation that links AH®, AH%, AH and AH%,.

il

(i) Hence or otherwise, calculate the standard enthalpy change of reaction, AH?,.

f1]
©YLC [Tum over

PartnerinLeaming

More papers at w%v%v.!testpapersfree.com

BP-~783




18

(d) Caprylic acid dissociates as shown below.

CHa(CH2)sCOOH === CH3(CH:)sCOO~ + H'

() Write an equilibrium expression, K, for this reaction.

[1]

() The reaction mixture is allowed to reach equilibriurn. The equilibrium
concentrations of H* and CH3(CH2)sCOO~ are found to be 6.31 x 10-° mol dm™.

Given that the K. value for the equilibrium is 3.08 x 107, calculate the initial
concentration of caprylic acid.

2]

() Agueous sodium chromate(VI) contains yellow CrO4* ions. These chromate(VI) ions
exist in equilibrium with dichromate(VI) ions as shown by the equilibrium below.

2CrOs(aq) + 2H*(aq) w===> Cr07(aq) + H0(})
yeliow orange

() Describe and explain what you would observe if dilute acid was added to a portion
of the equilibrium mixture shown above.

[2]
eYC
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(ii} When the equilibrium mixture is cooled, the solution becomes more orange.

Is the forward reaction endothermic or exothermic? Explain your answer.

[2]
[Total: 20]

eYIlJC [Turn over
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8 (a) () A gaseousaromatic hydrocarbon, X, was subjected to combustion analysis. X on

complete combustion gave 0.814 g of carbon dioxide and 0.208 g of water. What
is the empirical formula of X?

(2]

{ii) A 0.245 g sample of X has a volume of 51.8 cm? at standard temperature and
pressure. Determine the molecular formula of X.

[
(b) Ethanoic acid is a2 weak acid with a sharp smeli.

() Expiain what is meant by a weak acid?

[1]

(i} A 0.150 mol dm™ of ethanoic acid has a pH of 3.1. Given that sulfuric acid is a
strong acid, calculate the pH of sulfuric acid of the same concentration.

{2

eYLC [Turn over
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(c} In humans it is important for blood to be maintained at a pH between 7.35 and 7.45.
One of the ways it does this is by using a buffer of COx(aq) and HCO3(aq).

During vigorous exercise the muscle produce lactic acid. Lactic acid is transported by
the blood to the liver to be broken down.

Write equation(s) to explain how the CO»(aq)/HCOs(aq) buffer system helps to maintain
the pH of blood between 7.35 and 7.45 during exercise.

[2]
{d) Aqueous iron(IlI), Fe** exists as [Fe(H20)]**, which Is a yellow solution. The complex,

[Fe(H20)(SCN)J?, is formed when a solution of SCN- is added as shown in the
following equation.

[Fe(H20)]**(aq) + SCN-(aq) === [Fe(H:0)s(SCN)I*(aq) + H0())
yellow colourless blood-red

(i) Write an equilibrium expression, K;, for this reaction.

[
50.0 cm? of aqueous iron(III} is mixed with 25.0 cm? of 0.05 mol dm— SCN- solution.

At equilibrium, the concentrations of SCN- and the complex, [Fe(Hz0)s(SCN)]?* is
5.45 x 10~ mol dm~ and 3.36 x 10~° mol dm™ respectively.

The numerical value of the equilibrium constant, K, for the reaction is 0.302.

(ii} Calculate the concentration of Fe®* at equilibrium.

1]
®YNC [Turn over
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(iii) Calculate the initial concentration of Fe®* in the mixture.

[2]

{(iv) Hence calculate the amount of Fe* in 50 cm? of the stock solution.

[

{v) The reaction mixture is allowed to reach equilibrium. NaHPQ,, which reacts with
iron(III), is then added to the equilibrium mixture.

Describe and explain what you would observe after NaHPO4 was added.

2]

©YlJC [Turn over
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(e} A student used the apparatus shown to carry out experiments to determine the standard
enthalpy change of combustion of methyl ethancate, CH;COOCH.

thermometer

Mass of copper can = 250 g

An initial experiment was carried out using methyl ethanoate. This ester was burntin a
spirit burer underneath a copper can so that the flame from the burner heated 300 cm®
of water in the can.. It was found that 0.980 g of ester was required to raise the
temperature of the water in the can by 10.0 °C.

(i) Caiculate the heat gain by the water given that the specific heat capacity of water
is 4.18 J g'K™. Take the density of water to be 1.00 g cm™.

(]

(fi) Given that the total heat energy gain is 13.5 kJ, calculate the heat capacity of the
copper can used in this experiment.

(1]

eY1JC [Turn over
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(iii) Given that the AH?% of methyl ethanoate is 1592.1 kJ mol™, calculate the total

theorstical heat energy In kiJ released by the mass of methyl ethancate burnt in
this experiment.

[

(iv) Calculate the percentage efficiency of heat transfer in this experiment.

(1]
[Totai: 20]
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2020 JC2 H1 Chemistry 8873 Preliminary Examinations — Worked Salutions

3 Which molecule contains the same numbers of bonds sigma and pi bonds?
A HCHO B Nz c HCN D H2C
Answer: C
4  UsDsis a catalyst, prepared by heating a uranium nitrate salt, UO2{NOa)2. This salt decomposes
quantitatively to give U;Qs, NO2z and Oz only.
How many moles of NO; are produced from one mole of the salt?
A1 \w
8 1,
c 2 \w
D 2
@YIIC ) 2
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2020 JC2 H1 Chemistry 8873 Preliminary Examinations — Worked Solutions

5% 10 mol of solution of a metallic salt was found to react exactly with 2.5 x 10 mol of aqueous
sodium sulfite. In this reaction, the sulfite ion is oxidised as follows:

S0s* (ag) + HO () —> SO (aq) + 2H" (ag) +2e
What is the new cxidation number of the metal in the salt if its originai oxidation number was +37
5

A+ B +2 C +4 D +

Shikimic acld Is a naturally cccurring compeund found in the splce plant star anise, also known
as Japanese flower shikimi.

o} OH

HO H
OR

Shikimic acld

Whet is the percentage composition by mass of carbon in shikimic acid?

A 48.3% B 48.8% c 49.7% D 50%

BYJC 3
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2020 JC2 H1 Chemistry 8873 Preliminary Examinations —Worked Solutions

44 Which equation correcily describes tha reaction whose AH, Is the standard enthalpy change of
formation of cebon monoxide at 298K?

A C{g)+0(g) — CO(g)

Clg) + % O:(g) - CO(0)
C(s) + % O:(g) > CO(g)
2C(s) + Ozlg) —» 2C0O(g)

o ow

12 A chemical plant llegally dumped two radioactive isotopes P and Q In & landfill. The amourt of P
is 4 fimas the amount of Q. The radivactive decay of isotopas foliows first-order kinetics. The
half.Iife of P is 2 days whereas that of Q Is B days. By the time the authorities found out about
this fllegal dumping and analysed a sampie of the waste, the ratio of P to Q was found to be 1:2.

How long was the waste in the landfill before the authorities armived?

A Bdays
B8 16days
C 32days
D 64 days

evuc §

PartnerinLeaming
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2020 JC2 H1 Chemistry 8873 Preliminary Examinations — Worked Sclutions

43 Which arrow on the reaction pathway diagram shows the enthalpy change of reaction for the
reverse reaction?

energy

extent of reaction

14 Hydrogen and nitrogen monoxide can react to form nitrogen and steam.
2Hz(g) + 2NO{g) > Nz(g) + 2H:0

The rate of this reaction Is first order with respect to hydrogen and second order with respect to
nitrogen monoxide.

Which of the following conclusions can be drawn from this information?

A The value of rate constant depends on the concentratlons of hydrogen and nitrogen
monoide.

B The overall order of reaction is two.

C  Doubling the concentration of nitrogen monoxide increases the rate of avolution of
nitrogen gas by 4 imes.

D Halving the concentration of hydrogen will not change the rate of reaction.

GYlC 7
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2020 JC2 H1 Chemistry 8873 Praliminary Examinations — Worked Solutions 2020 JC2 H1 Chemistry 8873 Preliminary Examinations ~ Worked Solufions

BP-798

. 20 ber P i less than 20.
18 When pressure is increased for a homogeneous gaseous system at equilibrium, the position of The proton number of the element P is less |
equilibrium shifted to the right. The chioride of elsment P has a simple molecular structure, and is readlly hydrolysed In water to
idlc so! .
Which of the following coutd be the units of the equillbrium constant, Ko, for this system? give an acidic solution
A £ dim® The oxide of P is insoluble in water,
mot" dm
In which Group of the Perlodic Table is P likely to be found?

B  moldm®
¢ moPdm?® A Groupt
D  no units B Group2
, , C Group 14
D Group 15

21 Which of the following series does not have a decreasing trend?
A atomic radivs of P, S and G/
melting point of 8I, P and §

B
19  Which property decreases from Na2O to P4Oy for the oxides of period 3 elsments? C  lonlc radius of Na*, Mg* and AP*
a o

electrical conductivity of Al, Sl and P

A melting point
B  covalent character

C  solubility in aqueous atkall

D  pH when mixed with water

oYIIC 11
eYIJC _ 10
PartnerinL.eaming
Partnerini-earning 540

939

More papers at www.testpapersfree.com



BP-799

4]
Bujwesupeuped
€L MA@
sAOQeeUlllyY Q@
Auozpue, o
Auez g
Ao v

YBIF AN Jo pesisul pesn s Jeey J| eoe(d BYE) UBD UODBRIBYL £
‘poULIC) 8 ABLU SIBLLICS] PABULOIYIOUOW JUSISlp inoy 7
‘uoorael atf jo Jonpoud-Aq e s anosiow 2 |

IBLGY JOU S SIUSUSIES BUmOo) 6L} JO YO

euznqiiyew-z

EHO%HD
\ £
HO-0%H
e
HO

*peLLLIO] 8B SpUnodLLICD PeJeuLO|LOOLOL

qyfy An Jo eoueseid ey W seB BUNOIUD eI YIM SI0EB) SUEINGALIGW-Z UBYM  SZ

suo-z-uemed pue [o-z-usdoidigearz  a

jo-z-uedoad pue jo-j-uedoud o

leugjued pue auo-z-uzusd g

euc-g-uejued pue suo-z-ugued v
ZUonnjos (1A )ejeuvetuew

winissejod payiploe Buisn Aq peysinBunsip q uso spunoduloo Jo sied Buwmolioy eyl Jo yoan P2

suoINoS pasop ~ suopeuWENs AlBulwlield ££88 ANSweyD |H ZOr 0Z0T

+H / YOuN

(R}
BunuesjupeuBed

(43

EHOFHOEHOHOD

HEeN

OMAB

a

H 03D ROPHIFHOHD (be)LioeN 2

{be)rOS?H THOHOHD ouRYIB/HOBN | €

+H 1 roun HOHDPHO®HD H (10HD v
g des [o] | deis

1 ejepaisiu sjueBio ey pue ‘z des pue | dejs Joj sjuebes: oy Jo SaRRUSP] BLY BJE JBUM

D

£ -
HOODHOMHO <5

T L ders

10FHOEHORHD

-pioe siouedoad aanpoud 63 $deje Jo 5aUE B U] uedosdoioiyo LM sjoesl epioIpAy WNPos oz

dno1b ey umop eseesap sepaeBauocnoeP eyl €
‘dnouB sy} umop saseasou) semod Bupnpeasyl

*dnosb ey) UMOp SESBAUDLY SNIPEI DU Sy

Ano g pue z
Ao g pue |

Ao Z pue |

"~ onoqe 8 IV

2

« m O o

291921 JIPONBA 8y JO | dnoID) Ul SHUSLISS ey INOTE 6nJ) B sjusLUslels BUMOKO) 8 JO YSIUM  ZZ

SUORN|OG PeXIO — SUDReUWEXT AreurLad £198 ANSIWBYD LH ZOr 0202

More papers at www.testpapersfree.com




BP-800

2020 JC2 H1 Chemistry 8873 Preliminary Examinations — Worked Solutions

28 Alcohols can ba classified Into primary, secondary and tertiary alcohols. How many structurat
isomers are there for each type with the formula CsHy 07

i primary sacondary tartiary
A 3 3 2
B 4 2 2
c 4 3 1
D 5 2 1

27 Which compound can undergo a reaction when treated with hot sthanolic potassium hydroxide?
A CH3Brz
B CBriCBrs
C  (CHs)CCBr:

D

CHSCBrzCHa

aYLuc 14

PartnerinLeaming
943

2020 JC2 H1 Chemistry 8873 Preliminary Examinations — Worked Solutions
28 Butanoic acid was heated under reflux with a mixture of ethanol and propanel In the prasence of
concentrated sulfuric acid. Which of the following is a possible product of this reaction?
A ethyl propancate
propyl butanoate

B
C  butyl butanoate
D

29 Poly(ethane) cup is attached to the pelvic girdle by bone cement in an artificial hip joint. The
formation of the cement Is highly exothermlic and involves polymerisation of tha monomer
methyl-2-methylpropencate, CHa=C(CHs)COOCH,.

Which statements about this polymerisation are corect?
1 More energy is released in making two C~C bonds than In breaking a C=C bond.
2 The formation of the cement occurs by condensation polymerisation.
3 The polymer can form strong hydrogen bonds betwean layers.
1 only
1 and 2 only

2 and 3 only

doc o w »

All the above

@YLIC 15
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2
Section A

Answer all the questions in this section, in the spaces provided.

1 The element magnesium, Mg, is a metal which is used in many alloys which are strong and
light. Magnesium can exist as a number of different isotopes.

(a)

(b}

eYuc

What is meant by the term isofope?
Atoms of the same element with same number of proton/proton number,

different number of neutrans / nucison number

(2]
{}  Complate the table below for two of the isotopes of magnesium.
isotopic species number of number of number of
proton neutrons aleclrons
12Mg
14 11
Isatople species number of proton [ number of [ number of
neutrons alactrons
Mg 12 12 12
2emgt 12 14 1
{2
[Turn avaer
PartnerinLeaming

847

(i) The reiativa atomic mass of an element can be determined using data from its
mass spectrum. The mass spectrum of an element reveals the abundances of
thess Isotopes, which can be used to calculate the relative atomic mass of the
element.

The mass spectrum of a sample of magnesium, with the percentage of
abundance of each Isotope is shown below.

100%

20% 78.6

80%

0%

60%
Percentage 50%
gbundance 0%
1% 30% -
20%

10%

0%

20 21 22 23 24 25 26 27 28
Relative Mass

Calculate the relative atomic mass, Ar, of magnesium in the sampla.
Express your answer to two decimal placas.

Ar= [(24x78.6) + (25x10.11) + (26x11.29)] / 100
= 24.33 (2 decimal places)

Ml
{c} Succassive ionisation energles for the elemant Magnesium are given in the table,

Element | 1* lonisation energy 2 jonisation 3" lonisation
1 kJ mol! energy / kJ mo!™ energy / kJ mol?
Mg 736 1450 7740
Al 577 1820 2740

()] Complete the alectronic configuration of the following particles:

Mg 18  2s5%2ptas?

Al 1s? 2522p93823p"

QYL [Turn over
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« the name of a type of lattice structure found in each crystaline solld

crystalline solid particles type of lattice structure
copper
sillcon(IV) oxide
iodine
Crystaliine solid parflcles type of lattice structura
Copper cations and electrons Giant metaliic
Silicon{lV) oxide atoms Giant molecular
macromalecular
lodine molecules Simple molacular

{2}

(b) When separate samples of sllicon(IV) oxide or jodine are heated to 100°C, the
silicon(1V) oxide remains as a solid while the lodine tums Into a vapour. Explain, in terms
of the bonding present In the solid structure, why silicon(ITV) oxide remains & solid at
100°C.

Large amount of energy is required to break these strong Si-O bonds hetwsen the
atoms, thus the malting pofnt of Si0z is high, it remaing as a solid at 100°C.

i

(¢) The add and base bshaviour of oxides, magnesium oxide, aluminium oxide and
sllicon{TV) oxide, show periodic trends.

U]

U]

eYLIC

Aluminium oxide is said to be amphoteric. Write equations to fustrate this fact.
AlOs + 6H = 2AP* + 3H.0

ALOq + 20H" + 3,0 -» 2AHOH)~

2

Write batanced equations, if any, to ifustrate how magnesium oxide and
slficon(IV) axide differ In their behaviour when reacted with

1  acids and bases

MgO + 2H* > Mg + H,0
Si0; + 20H > SI0#~ + HA

O waler
MgO + HaO > Mg(OH);

5i0; is insoluble In water [not needed; no marks awarded]

131

[Turn over
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7

{d) The elements In Group 17, the halogens, and their compounds, show many similarities
and trends in their properties. Some deta are given for the elements fluorine to iodine.

(i

@Yc

HF HC? HBr HI
bolling polnt / °C +20 -85 -87 -35
tond enargy / 662 431 366 299
kJ mol-!

Explain the trend In the bolling points of the hydrogen halides, HCI, HBr and HL

« HC! HBr and H1 has simple molecular structures and are polar.

» peamanent dipole — permanent dipole forces of attractions

« as well as instantaneous dipole — induced dipole interactions{id-id) exist
batween thelr molecules.

« From HCI HBr and HI, the number of elactrons increases, resulting In a
larger electron cloud gize / larger more polarisable electron cloud.

Hence, more energy s required to overcome the stronger id - id between

_Simole molecules interactions during bolling.

@
Suggest why the hydrogen halide HF does not follow the trend in bolling points
shown by HC/, HBr and HIL

HF has strong hydrogen bands batween the HF molecules. Thus, while the
electron cloud size is smallar, it has a much higher bolling point than those of

the othars because much more energy I3 required to gvercoms the strong
hydrogen bonds between the HF molecules.

[Total: 11}

[Turn over
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10
(b) () The ordar of reaction with respect to [H*] and [Br] s one and zero respectively.

Using your answer in (a)(1) and the info provided, write the rate equation for this

reaction.
Rate = k[Br]°[BrO=[H"]

Rates = k[BrOs[H']

Y}

{li) State and explain the effect on the rate of this reaction when only [Br] is
increased by 2 times.

Rate remains unchanged as rate is independent of [Br],

i

{¢) The rate of reaction was measured as B.20 x 10° mol dm?® s when
[Br] = 0.10 mol dm3, [BrQy1 = 0.10 mol dm~and [H*] = 0.40 mol dm™

Datermine the rate constant for this reaction and siate its units.
Rate = k[BrOs][H*]

B.20x 108 =k x0.10 x 0.40
k= 2.05x 10+

units of rate constant= mol'dm’s™*
2l
[Total: 6]

6 Crotonaldehyde has a malecular formula of C4OHs. The main use of [t is to prepare sorblc
acid which Is used as food preservative.

{a) Crotonaldehyde is able to exhibit cis-trans Isomerism.
Draw the formula of the cis-frans isomers of Crotonaidehyde In the boxes

provided.
0
v
H H H C
Ne—o? 4 oo N\,
I//O\. /0\ _._//0\\ /
-~ -~
W “u W | H
H H
Cis-isomer Trans-isomer
2
(=) hle {Turn over
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1

()} Crotonaldehyde reacts with aqueous bromine. Name the functional group in
crotonaldehyde that reacts with bromine and writa down the observations of the

reaction.
Reagent Functional group Cbservation
present
decolourisation of
Aquecus bromine alkene orange solution

&}
{b) Fig 6.1 shows a possible reaction sequence with crotonalkiehyde as en intermediate

product.
: step ! liquid.
C4Hs0 >  CaH0 bromine  ¢,HgOBr,
Aleohol H Crotonaldehyde Compound F
Fig. 6.1
()] Suggest the reagents and conditions for the step |
raagent(s) K2CraOy, dilute HaS04,
condition(s) heat with immediate distillation
[2]
(iny Draw the skeletal structure of compound F.
Br
Br. \O
U]
eYlJC {Turn over
PartnerinLeaming
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Not every available side chain in the polymer is crogs-linked, and the amount of
cross-linking affects the properties of the hydroget.

I  Once the hydrogal has absorbed water, it can be dried and re-used a number of
times. Suggest why the amount of crogs linking has litle effact on the abiiity of
tydrogel to absorb water.

The number of avallable sites {(presence of —OH group) to farm hydrogen
bonds with water remains the same.

[

H  Suggestons property of hydeagel that will change If mora cross-linking takes placa.
Explain how the increased cross-linking brings about this change.
With more crogs-iinking, the hydrogs! will bacome harder/more rigid/brittie.
The cross links are strong covalent bonds which holds the layers together,
and will not break easily.

Or more compact/higher density due to more extansive bonds between
layers.

[Totat: 17]
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eYIJC

Answer one question from this section, in the spaces provided.

SectionB

{a) A hydrids of nitrogen, @, contalns 12.5% of hydrogen by mass.
{) Calculate the ampirical formula of Q.
N H
Mass in 100a/y 875 12.5
Amount / mal 6.25 12.5
Simplest ratio 1 2

Emplrical formula: NH:2

1

() When Q was heatad strongly, it decomposas Into its slements. 10 cm® of Q gave

30 om? of praducts (volumes are measured under the same conditions).
What Is the molecular formula of Q7?

L.et the matecular formula be (NHz)n

{NH2n 3 n/2 Nz + AH;

10 em® 30 cm?

1mol 3mol

Mole ratio of reactant : product=1:3

n: 15n=1:3

n=2

Molecular forrmula : NaHs

&

[Turn over
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d) Caprylic acid dissociates as shown below.
{d) Capryl 8 (a) {) Agaseous aromatic hydrocarban, X, was subjected to combustion anatysis, X on

" complate combustion gave 0.814 g of carbon dicxide and 0.208 g of water. W
CHa(CHz)COOH === CHy(CH:)CO0" + H is the empirical Egc_m of X7 o s et
CHy + (x+y/4) O2 = xCOa + yf2 H:0
() Write an equilibrium expression, K., for this reaction. b ) O e
mOImAOINvaOO#I?_ . n{C) = n(CO2) = 0.814/44 = 0.0185 mol
n{H) = 2 % n(Hz0) = 2 x 0.208/18 = 0.02311 mol

K. =

[CH3{CHz),COOH]
M c H
) Amount / mol 0.0185 0.02311
(H) The reaction mixure Is allowed to reach equlibrium. The equillbrium Mole ratio 0.0185/0.0185 =1 | 0.02311/0.01856 = 1.25
Simplest ratic | 4 5

concentrations of H and CHa(CHz%COO" are found to be 8.31 x 105 mol dm.

Given that the K. valie for the equillbrium is 3.08 x 105, calculate the initial Emplrical formula of X = CaHs

concentration of caprylic acid.
(2

A 0.245 g sample of X has a volume of 51.8 cm? at standard temperature and

5 . -pressure. Detarmine the molecular-formuta of X.
>\/\/}i é LH n(X) = 51.8/1000 + 22.7 = 0,002282 mol
mol dm® = - M{X) = 0.245 + 0.002282 = 107 .4

Let the iniflal concentration of caprylic acid be X mol dm. )

Initial X 0 i
Change “831x 105 [+631x10° | +631x10° Let the moloculer formula of X be (CaFlek
| Change . = e n+ 5n = 107.
Equilibrium X-6.31 % 105 | 631x10° 63110 Sam = 107.4
n=2 .
2.08x10% = % Therefors the molecular formula of X = CsHao.
X = 0.000192 mol dem'3 -

2

{e) Aqueous sodium chromate(V) contalns yellow CrO.* ions. These chromate(VT) fons {b) Ethanoic acid is a weak acid with a sharp smell.

axist in equilibrium with dichromate{V1) ions as shown by the aquitibrium below. ()  Explain what ls meant by 8 weak acid?
A wesk acld is a proton donor that dissoclates partially / A weak acld dissociates
2Cr0a(ag) + 2H'(aq) ——= Cr:0+*{aq) + H:0(}) _partially to product H*(aq)
yellow orange
A

(i) Describe and explain what you would observe if dilute acid was added to a portion t

of the equifibrium mixture shown above. () Given that a 0.150 mol dm= of athanoic acid has a pH of 3.1.

When dilute acid is added, the equilibrium will shift right to remove excess acid.

Hence, an orange solution is observed. Calculate tha pH of sulfuric acid of the same concentration.

[H*1 = 2 x[sulfuric acid] = 2 x 0.150 = 0.30 mol dm"?

2]
pH = Jog (0.30) = 0.523
(i) When the equilibrium mixture is coaled, the solution becomes more orange.
Is the forward reaction endothermic or exothermic? Explain your answer. 2
When the solution ls cooled, the equiibrum will favour the exothermic reaction
to produce more heat. When the solution becomes more orange and less
yellow, the equilibrium has shifled right.
Henca, the equilibrium Is excthermic.

2

[Total: 20]
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Givan that the total haat energy gain is 13.5 kJ, calculate the heat capacity of the

copper can used in this experiment.
Heat energy gained by copper can = 13500- 12540

=960 J
960
Heat capacity of copper can= g =95 J K

Ml
Given that the AH, of methyl sthanoate s 1592.1 kJ mol™, calculais the total

theorstical heat anergy in kJ released by the mass of methyl athanoats buent In

this experiment.
0.
Heat snergy releassd = 7re x 1692.1= 21,1 kJ

M

Calculate the parcentage efficlency of heat transfer In this expariment.
13500
Percentage afficiency of heat transfer = 27100 x 100 % = 64.0 %

ooom
[Total: 20]
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