BP-~388
2020 H1 Chemistry Prelim - NJC

For each question there are four possible answers, A, B, C, and D. Choose the one you consider to
be correct.
1 Use of the Data Booklet is relevant to this question.

The relative abundance of the isotopes of a sample of germanium is given in the table below.

relative isotopic mass 70 72 74
relative abundance 205 27.5 36.5

What is the relative atomic mass of gerranium in this sample?
A 709 B 719 C 724 D 731

2 Use of the Data Booklet is relevant to this question.

A solution of manganate(VII) ions is titrated against a solution containing 0.004 mol of sodium
iodide. 20.0 cm? of 0.05 mol dm™ manganate(VII) solution is required to oxidise iodide ions to
lodine. What is the final oxidation state of manganese?

A +3 B +4 C +5 D +8

3 Which of the following reactions has the underiined species as being oxidised?

3NO; + H20 — 2HNO; + NO
2As + 3I: »2Ash

HCI + NHs - NH.C!

SbFs + F2 — SbEs

(= B T B
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4
When a 2He2+ particle is passed through an electric field, the angle of deflection is +9°. Which
of the following ions will be deflected to the same extent but in the opposite direction?

AW B W C D e

Which particle would have a half-filled set of p orbitals when it loses an electron?
A C B N c s D P

Which statement explains why the first ionisation energy of magnesium is higher than that of
aluminium?

Magnesium has a larger metallic character than aluminium.
Magnssium atom is smaller than aluminium atom.
Aluminium can form a more highly charged cation.

Dow»

The electron that is to be lost from aluminium is of a higher energy level than that from
magnesium.

Which of the following pairs have a smaller bond angle for the first species than the second
species?

1 CCl, SiCly

2 NF3;, NH;

3 S0:%, COz%

A 1only B 1and2only
C 2 and 3 only D 1,2and3
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Which of the following, in the solid state, exists as discrete molecules?

OO w >

aluminium fluoride
beryilium chioride
carbon dioxide
silicon dioxide

Hex-3-ene exists as a pair of cis-trans isomers. ¢is-hex-3-ene has a lower melting point than

trans-hex-3-ene.

Which of the following statements is comrect about hex-3-ene?

1

>

Trans-hex-3-ene has a higher melting point because there is no net dipole moment in the
molecule.

in the solid state, cis-hex-3-ene is less dense than trans-hex-3-ene.

Hex-3-ene has low melting point because little amount of energy is required to overcome

the covalent bonds.

1 only B 2only
1 and 3 only D Al of the above

Which of the following molecules will not form a hydrogen bond with another of its own

molecule?

A CHiNH:

B CHsCOCH;
C  CHsCONH:
D CH;30H
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12

- Which enthalpy change could not be correctly represented by the enthalpy diagram shown

below?
F 3
reactants
enthalpy (H) AH
¥ products
reaction pathway

A  standard enthalpy change of combustion
B  standard enthalpy change of neutralisation
C  bond energy
D lattice energy

Antimony pentachloride is prepared in the manner as shown by the equation below.
SbCi3(s) + Clo(g) — SbCis()  AH® = — 58 kd mol

Given the AH® of SbCix(s) is — 382 kJ mol, what is the standard enthalpy change of formation
of SbCls(1)?

A +324 kJ mol? B -324 kJ mol"!
C  +440 kJ mol’ D -440 kJ mol™
PartnerinLeamning [Turn over
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14

15

The kinetics of the reaction Xz + 2Y — 2XY was studied by the method of initial rates and the
experimental results obtained are shown in the table below.

Experiment | Volume of X2/ | Volume of Y/ Volume of Time/ min
em? cm? H20 / cm®
1 20 20 10 2
2 20 15 15 2
3 10 10 30 4
4 a 5 5 1

What is the value of a?

A 5 B 10 c 2 D 40

A catalytic converter reduces the amount of nitrogen oxides and carbon monoxide found in the
exhaust gases given out by a car. Which modifications would reduce the amount of nitrogen
oxides and carbon monoxides in the exhaust gases?

1 Increase the temperature of the engine
2 Increase the surface area of the catalyst in the converter

3 Increase the rate of flow of gases through the catalytic converter

A 1tonly B 2only
¢ 1and2only D 2and3only

Methanol is produced in the industry through the following reaction in the presence of a copper
catalyst and under the operating conditions of 100 atm and 250°C.
CO(g) + 2Hx(g) = CHz0H(g) AH® = - 92 kJ mot™*

Which of the following would increase the value of Kc7
A Addition of nickel catalyst

B Remove the methanol produced

C Decreasing the temperature

D  Decreasing the pressure
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17

18

19

Which of the following can increase the equilibrium yield of NO»(g) in the following reaction?
N204(g) = 2NO2(g)  AH® =+ 58 kJ mol

1 increase the pressure of the reaction vessel

2 increase the amount of N2Q; in the mixture

3 increase the temperature of the mixture

A 1and2only B 1and3only

C 2and3only D All of the above

6 moles of ethanoic acid and 6 moles of ethanoi were mixed in a 3 dm3 reaction vessel. The
mixture was found to reach equilibrium when 4.67 moles of ethyl ethanoate is formed. The
equation is as follows:

CHzCOOH(}) + CHCH20H(!) = CHsCOOCH:CHs({l) + H0())
What is the value of K.?

A 0.08 B 03 C 35 D 123

Which of the following are conjugate acid-base pairs?
1 NO3z/HNO3

2 HPO.'.Z'J’ HsPQO4
3 CH3OH/CH;0H2*

A 1only C 2oniy
C 3only D 1and3only

Which of the following will give an acidic buffer solution when dissolved in 10 dm? of water?
1 1 mol of CHzCOOH and 1 mol of HCI

2 1 mol of HCI and 1 mol of CH:COONa
3 1 moi of CHaCOOH and 1 mol of CH;COONa'

A 1and2only B 2and 3only
‘C  1only D 3only
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21

22

23

What is the pH of the resultant solution at 25°C when 50 cm?® of 0.20 mo! dm® NaOH and
20 cm® of 0.15 mol dm HC/ are added together?

A 10 B 22 c 118 D 130

Which of the following statements are correct?
1 The ionic radii of Period 3 metals decrease across the period.
2 The pH of Period 3 oxides in water generally decreases across the period.

3  The electrical conductivity of Period 3 elements decreases across the period.

A 1only B 3only
c 1 and 2 only D 1,2and3

Which of the following statements is not true for Group 17 elements and its compounds?

A lodine is soluble in organic solvents because it can form instantaneous dipole-induced

dipole with organic solvents.
B  Oxidising power of the halogens increases down the group.

12

Thermal stability of hydrogen halides decreases down the group.
D  Volatility of the halogens decreases down the group.

X and Y are elements in Period 3 of the Periodic Table. X forms a chloride that has a high
melting point. The oxide of X does not react with alkalis. Y forms a soluble oxide that does not
react with acids. The chioride of both X and Y forms a solution in water that tums blue litmus
paper red.

Which of the following could be elements X and Y?

X Y

A Na S

B Mg P

c Al S

D Na P
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24  Anorganic compound, CsHsQz, is used as a precursor to the production of polymers. It contains

25

26

2 alcohol groups. Upon reaction with excess MnO4 and H*, it forms compound A which also
has 3 carbon atoms.

Which of the following could be the molecular formula of compound A?

A C3iHgOs B CiHgOa C CaH,04 D C3HiO:

Linalool is an alcohol found in many flowers and gives out a distinct scent.

HO
\)4/\)\

Linaloot

How many o and 1 bonds are there in linalool?

o) m
A 26 2
B 26 4
C 28 2
D 28 4

The structure of a copolymer PHBV is given below.

Gy 0 oo 0

H H
n
PHBV
Which of the following is one of the monomers of PHBV?
A  HOCH(CH3)CH;CH:OH
B HOCH(CH3)CH,CHO
C HOOCCH(CHzCH3)CH.COOH
D  HOCH(CH:CH3)CHCOOH
PartnerinLeaming [Turn over
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27 Epoxy resin and nylon are both polymers. Epoxy resin is a hard plastic and becomes black when
heated, while nylon melts upon heating.
Which of the following statements is true about the polymers?

There are crosslinks in both epoxy and nylon.
Epoxy resin can be recycled but nylon cannot be recycled.
Epoxy resin has high tensile strength.

o0 w >

Epoxy resin is made up of linear polymers.

28 An amide is given below.

H,N OH
o)

What are the reagents that can be used to produce this amide?

H.NCH(CH3)COOH, concentrated H2SO4
HzNCH(CHs)NHz, HOOCCH(CH3)COOH
H.NCH(CHs)COOH, DCC

HzNGH(CHa)CH20H, H:NCH(CHs)COOH

o O >»
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29  The polymer having the repeat unit shown occurs in bacteria as cell storage material.

o
I—0—0Q0
I—O—I

g ——le

Which deductions about this substance can be made from this structure?
1 it is a condensation polymer.
2 Hydrogen bonding is formed between two polymer chains.
3 it can be made when a cﬁo| and a dicarboxylic undergo polymerisation.
A 1only
B 1and2only
C 1and3only

D 2and3only
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30 Artemisinic acid is a useful intermediate for making the anti-malarial drug, artemisin.

12

OH

o
artemisinic acid

Which statement about this compound is not correct?

A

It can be esterified by ethanol, in the presence of H" ions.
it can exhibit cis-trans isomerism around a double bond .
It has a molecular formula of C1sH220;.

It can undergo condensation with ethylamine, in the presence of DCC.

END OF PAPER
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Section A
Answer all the questions in this section in the spaces provided.

1 In the Periodic Table, the p block contains elements whose outer electrons are found in the p
subshell.

(a) Elements in the p block show a general increase in first ionisation energy as the atomic
number increases.

(i) Draw the shape of a p orbital

[]

(i) Write an equation to show the first ionisation energy of silicon.

(iii) Explain why there is a general increase in first ionisation energies of the elements

across Period 3.

--------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------------------
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(iv)i Element Ais in the p block.

The graph shows the successive ionisation energies for the removal of the first ten
electrons of A.

ionisation
energy

1 2 3 4 5 & 7 8 9 10
number of electrons removed

State and explain the group of the Periodic Table that elements A belongs to

group NUMber ....uceviiieenreicneiinnne

-------------------------------------------------------------------------------------------------------------------
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(b) Silicon is found in many compounds in the Earth's crust. Silicon has only three naturally
occurring isotopes, 28Si, 2°Si and *%i.

(®

(i)

The table shows data for 28Si, 2°Si and 3°Si.

28g; 293 30g;

Relative isotopic mass 28.0 29.0 30.0

A sample of silicon contains 92.2% 2%Si. The total percentage abundance of 29gi and
3%; in the sample is 7.8%.

The relative atomic mass, A, of silicon in the sample is 28.09.
Calculate the percentage abundance of 3°Si.

Give your answer to one decimal place.

percentage abundance of 381 = ........cciesnsininne %

[3]
Silicon reacts with nitrogen gas to form SizNa.
SiNs. Is a solid with a melting point of 1900°, 1t is insoluble in water and does not
conduct electricity when molten.
Suggest the type of bonding in and structure of SiaN4, Explain your answer.
................................................................................................................ 3]
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{c) SO: can react with ozone, O3, to form SO; in two different reactions.

U]

(if)

In one reaction, SO; reacts with O3 until a dynamic equilibrium is established.
S02(g) + Os(g) == S0s(g) + Oz(g)

State and explain the effect of an increase in pressure on the composition of the
equilibrium mixture.

------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------

............................................................................................................... [2]
In the other reaction, a different equilibrium is established at 300k as shown.
380z(g) + Os(g) == 3S0s(g) AH=+462.3 kdmol"!
Suggest a temperature needed to increase the yield of SO; at equilibrium.
Explain your answer.
............................................................................................................... [2]
[Total: 16]
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2  Magnesium silicide, Mg:Si, is a compound made by heating magnesium with sand.

(@

(b)

{c)

(d)

Draw a ‘dot-and-cross’ diagram to show the arrangement of outer electrons present in a
formula unit of MgSi. Assume magnesium silicide is an ionic compound.

{2]
When solid Mg»Siis added to water, silane gas, SiH4 is a gas at room temperature.

Construct the equation for this reaction. Include state symbols.

-------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

..................................................................................................................... [2]
The table shows the electronegativity values of carbon, hydrogen and silicon.
element carbon hydrogen silicon
electronegativity 25 2.1 1.8

{y C-Hand Si-H bonds have weak dipoles.

Use the electronegativity values in the table to show the polarity of the C-H and Si-H
bonds

C-—H Si---H

[2]

PartnerinLeaming
More papers at Wd?ﬁgestpapersfree.com

BP~406



(e)

()

(if) Explain why methane, CHs, has overall dipole moment.

--------------------------------------------------------------------------------------------------------------------

SiH, reacts in air without heating but CH. must be ignited before combustion occurs.
SiH4 + 202 — Si0; + 2H:0
CH4 + 202 — COz + 2H0

Suggest, with reference to bond energies from the Dafa Booklet, why SiH. reacts in air
without heating but CH4 must be ignited.

-------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------

..................................................................................................................... 2]
Silicon dioxide reacts with hot, concentrated sodium hydroxide.
(i}  Identify the two products formed during this reaction.
............................................................................................................. [2]
(i) Describe the behaviour of the silicon dioxide during this reaction.
.............................................................................................................. 1]

[Total: 15]
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(a) Chlorate{l) ions undergo the following reaction under aqueous conditions.

2NHs + CIO- — NaHs + CI + H20

A series of experiments was carried out at different concentrations of CIO- and NHs.

The table shows the resuits cbtained.

Experiment [CIO] [NH3] initial rate
fmol dm3 /mol dm® /mol dm™ g™
1 0.200 0.100 0.256
2 0.400 0.200 2.05
3 0.400 0.400 8.2
(i} Use the data in the table to determine the order with respect to each reactant, CIO"
and NHs.
Show your reasoning.
............................................................................ 2]
(i) Write the rate equation for this reaction.
AL wuenimsesseuenansssssssstosnrrtsrsnmss asananintysrensenanstoransssyssnsriinaatstnansssnssensarsrree 1
(i) Use the results of experiment 1 to calculate the rate constant, k, for this reaction.

Include the units of k.
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{iv)  On the axes sketch a graph to show how the value of k changes as temperature is
increased.

rate constant, k

emperature
(1]

(b) in another experiment, the reaction between chlorate(l} ions and iodide ions in agqueous
alkali was investigated.

A solution of iodide ions in aqueous alkali was added to a large excess of chlorate(l) ions
and [I] was measured at regular intervals.

(i) Describe how the results of this experiment can be used to confim that the reaction
is first-order with respect to [I].

---------------------------------------------------------------------------------------------------------------

----------------------------------------------------------------------------------------

....................................................................................................... [2]
A th'ree-step mechanism for this reaction is shown.
step 1: CIO- + H20 — HCIO + OH
step 2: I' + HCIO — HIO + CI
step 3: HIO + OH — Hz0 + IO
(i) Use this mechanism to deduce the overall equation for this reaction.
............................................................................................................. [1]
(iil) Identify a step that involves a redox reaction. Explain your answer
................................................................................................................................. (11

[Total: 10]
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10

4 Methylpropane, {CHs):CHCHs, is an isomer of butané, CHs3(CH2)2CHs.

(a)

(b)

(i}  Explain why methylpropane and butane are a pair of isomers.

---------------------------------------------------------------------------------------------------------------------------------------

(1) Identify the type of isomerism shown by methylpropane and butane.

When a sample of butane is heated to 373 K, in the presence of a catalyst, and allowed to
reach equilibrium the following reaction occurs.

CHs(CH2):CHs(g) == (CHa):CHCHs(g)  AH=-8.0 kJmol"

State and explain the effect on the composition of this equilibrium mixture when the
temperature is increased to 473 K.

-------------------------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------------------------------------------
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-{€) 1 mole of butane gas was added to a 1 dm® closed system, at a constant temperature and

pressure. The amount of butane and methylpropane was measured at regular time
intervals.

amount

{mol

)

(iil)

(iv)

10

08

08

or

06 _

0.5 P

04 5

03

02

0.1 %

0 -

tims
Labe! the graph with a { to show the time taken to reach dynamic equilibrium., M

Use the graph to find the concentration of butane and methylpropane in the mixture
at equiiibrium.

concentration of butane = ... i vieccier mol dm-?
concentration of methylpropane = ......ccocvveiivceirnnen. mol dm™
[11
Write an expression for K: for this reaction.
g
Calculate a value for K. and state its units.
K= e, UNitS = ..., [2}
(Total: 10}
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5 The increasing awareness of the diminishing supply of crude oil has resulted in a number of
initiatives to replace oil-based polymers with those derived from natural products. One such
polymer, ‘polyactide’ or PLA, is produced from corn starch and has a range of applications.

(@

(b)

The raw material for the polymer, lactic acid (2-hydroxypropanoic acid), is formed by the
fermentation of corn starch using enzymes from bacteria.

(i) Calcium hydroxide is added to the fermentation tanks to prevent the production of
lactic acid from slowing down.
Why might high acidity reduce the effectiveness of the enzymes?

----------------------------------------------------------------------

................................................................................... - )
(i) The structure of lactic acid is shown
ﬁ:ﬂzn
Comy
HO/ \ "H
CH,
What type of reaction takes place in this polymerisation?
..................................................................................... [1]

One of the reasons PLA has attracted so much attention is that is biodegradable. This
does, however, restrict some potential uses. The simple polymer has a melting point of
around 175°C, but softens between 60 — 80°C. However, its thermoplastic properties
enable it to have a range of uses in fibres and in food packaging.

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

---------------------------------------------------------------------------------------------------------------

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

---------------------------------------------------------------------------------------------------------------
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(¢) Lactic acid can also be co-polymerised with glycolic acid.

H O
HO—C—C—OH
H

glycolic acid

(Iy Draw a section of the co-polymer showing one repeat unit.

[2]

{ii) Suggest what type(s) of bonding will occur between chains of this co-polymer,
indicating the groups involved.

------------------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------

[Total: 9]
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Section B
Answer one question from this section in the spaces provided.
6 {a) Crude oilis a natural source of hydrocarbons that are used as fuels

Hydrocarbons with low relative molecular mass, M, are use as fuels in industry, in the
home and for transport.

There is a high demand for the hydrocarbons with low M.

(i) Name the process by which long-chain hydrocarbons are broken down into shorter-

chain hydrocarbons.

.................................................................................................................................. {1
(il) Give one reason why hydrocarbons with low M, are suitable for use as fuels.

............................................................................................................. [1]
(i)  Incomplete combustion of hydrocarbons can release carbon monoxide, CO, into the

atmosphere.

Write an equation for the formation of CO from the incomplete combustion of butane,
CaHs.

{b) Thiophene, CsH4S(l}, is an organic compound that is found as a contaminant in crude oil.

(i) A student carries out an experiment to determine the enthalpy change of combustion
of C4HaS(l).

Explain the meaning of the term enthalpy change of combustion.

-----------------------------------------------------------------------------------------------------------------
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15

(ii) The students uses the following apparatus in the experiment.

BP-415

fuel burner
containing C,H,S()
miass of water in copper container /g 200
initial temperature of water / °C 18.5
highest temperature of water / °C 37.5

Calculate the heat energy released, in J, by the reaction.

Assume that 4.18 J of heat energy changes the temperature of 1.0 cm? of water by

1.0°C.

Assume no heat is lost to the surroundings.

heat energy released = ................ ererens

PartnerinLeaming
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(iii) The student used 0.63 g of C4sH4S(l} in the experiment.

Calculare the enthalpy change of combustion of thiophene, AHc(C4HaS(1))- inciude a
sign in your answer.

AH(CaHaS()) = corrrimniennin s kJ mol*

(c) Proteins are natural polymers. When one particular protein is partially hydrolysed the
product mixture includes tripeptide E.

tipeptide €
0 HO )
H .
o N : NH,
o
HO

() Describe the conditions that could be used to hydrolyse E fo produce a mixture of
three amino acids. :

PartnerinLeaming
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17

(i}  Draw the structures of the three amino acids produced by this hydrolysis reaction.

BP-~417

The three amino acids should be shown in the correct form for the conditions you

have chosen in (€)(i).

[3]

(i) If a pure sample of E is obtained in aqueous solution, several different types of
intermolecular forces are possible between pairs of E molecules.

Name two different types of intermolecular force that exist between pairs of E
molecules, stating the group on the molecules where the forces are acting.

type of force/bond

pair of groups responsible

(d} Polyesters and polyamides are two important types of condensation polymer.

{2]

(i) Draw the structure of a compound that can polymerise to produce a polyamide,

without the need for a second monomer.

PartnerinLeaming
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(i) Draw the structures of two different compounds that can polymerise together to
produce a polyester with four carbon atoms per repeat unit. Name the two

compounds.

4]
[Total: 20}

PartnerinLearning
More papers at wﬂﬁgestpapersfree.com



7

18

{a) Methanol is used to calibrate the heat capacity of the calorimeter set up as shown below.

(i)  Given that standard enthalpy change of combustion of methanol is -732 kJ mol,
determine the heat capacity of the calorimeter when 2.00 g of methanol raises the
temperature of the calorimeter by 8.0 °C.

(2]
(ii) A student carries out an experiment to determine the enthalpy change of combustion
of ethanol.
Explain the meaning of the term enthalpy change of combustion,
............................................................................................................. [2]
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(i) Determine the enthalpy change of combustion of ethanol given the following data:
Mass of spirit lamp before combustion: 5.445 g
Mass of spirit lamp after combustion: 3.585 g

Initiai temperature: 29.5 °C
Final temperature: 36.5 °C

[2]

(b) The chemical equation for the combustion of propene is as shown below.
CsHs (g) + 3 Oz (g) — 3CO: (g) + 3H:0 (1)

The table below shows the standard enthalpy changes of formation of the compounds
involved in reaction. :

Compound CsHe{g) COz(g) H:0 (1) 0: (g)
AHP | kJ mot! +20 -394 -286 0

()  Explain why the standard enthalpy of formation, AH®, of oxygen is zero.

(i) Use the data from the table above to calculate the standard enthalpy of combustion
of propene

(2]
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Polyurethanes are polymers made by the reaction of a diisocyanate with a diol as shown.
R' and R? are hydrocarbon groups.

0
| i n
O=C==N—R'—N=C==0 + HO—R?*—OH - _T—R*—ris—c———o—n2—o
H H
a diisocyanate a diol a polyurethane

Lycra® is a polyurethane formed from the diiocyanate P and HOCH2CH.OH.

O\C f{}
p

(i) Give the molecular formula for P.

............................................................................................................. (1]
(ii) Draw the repeat unit of Lycra®.

[2]
(iii) Fibres of Lycra® are strong due to the intermolecular forces between the polymer

chains.

Complete the table to identify two intermolecular forces responsible for this property
and the group(s) involved.

intermolecular force group(s) involved

[2]
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(d)

(iv)

(i}

(i)

22

Name one example of each of the following types of polymer.

type of polymer example
water soluble polymer

chemical resistant polymer

[1
A metal chloride A, has the formula MC/. When 3.0 x 1072 mol of sodium hydroxide
is reacted completely with 1.0 x 1072 mol of A, 0.078g of a white precipitate, Bis
formed. When B is heated, water is lost, leaving a white residue C. C is of high
meiting point and is not soluble in water.

Deduce the identities of A, B and C.

(3]

Compound C, Na:0 and S0; are separately added to acid and alkali. Write
equations, with state symbals, for possible reactions that occur.
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For aach guestion there are four possible answars, A, B, C, and D. Choose the one you consider to
be correct

1 Use of the Data Booklat Is ralevant to this question.

The relative abundance of the isotopes of a sample of germanium is given in the table below.

relative isotopic mass - 70 72 74
relative abundance - 205 275 36.5

What is the relative atomic mass of germanium in this sampla?
A 709 B 719 B 724 D 731

[(20.5x70) + (27.5x72) + (36.5x 74)] / B4.5= 72.4
2 Use of the Data Booklet is refevant o this question.

A solution of manganate(VIl) ions Is titrated against a sclution contairing 0.004 mol of sodiurn
iodide. 20.0 cm?® of 0,05 mol dm® manganate(VII) solution is required to oxidise iodids lons to
iodine. What is the final oxidation state of manganese?

B B 4 cC +5 D +6

MnOy + BH* + xe™ > Mn®9* + 41,0
2k > 1+ 2e

Amount of MnOy* = 0.0601 mol
Amount of e gained = 0.004 mol
x=4

final oxidation state of Mn = +3

This guestion paper consists of [J§ printed pages and | blank pages.
PartnerinLeaming
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Hex-3-ene exists as a pair of cis-trans isomers. Qm.:ox.m.m:c has a lower melting point than

frans-hex-3-ane.

Which of the following statements is correct about hex-3-ene?

1 Trans-hex-3-ene has a higher melting point because there Is no net dipole moment in the
molecule, .

2 In the solid stats, cis-hex-3-ene is [ess dense than frans-hex-3-ene,

3 Hex-3-ene has low mefting point because fittle amount of energy is required to overcome

the covalent bonds. -

H 2only
D  All ofthe above

A 1only
C 1 and 3 only

Statement 1 Is incomact: frans-hex-3-ene has a higher melting polnt bacause of the closer
packing between the molecules.

Statement 2 is correct: in the solid stafe, trans-hex-3-ene has a closer packing than cfs-hex-
3-ane, thus cis-hex-3-ene is less dense than trans-hex-3-ene.

Statement 3 is incorrect: during meliing, energy is usad to overcome the intermolecular
forces of attraction between hex-3-ens molecules, not the covalent bonds.

Which of the following maolecules will not form a hydrogen bond with another of its own
molecules?

CHsNH2

CH3COCH,

CH3;CONH:

CH30H

oo/ >»

Option A and G: both molecules consist of at least one H bonded to the electronegative N,
end the N atom has a lone pair of elactrons to form a hydrogen bond with another of its own
molecule.

Option B: CHsCOGHs is a ketone and does not contain a H bondexd to the elactronegative O,
so It cannot form a hydorgen bond with another molecuje of Iis own.

Option D:; CHyOH has a H bonded to the elactronegative O, and the O atom has a lene pair
of electrons to form a hydrogen bond with another of its own molacule.

PartnerinLeaming
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Which enthalpy change could not be comactly represented by the enthalpy diagram shown
balow?

reactants

enthalpy (H) AH

praducts

reaction pathway

A standard enthalpy change of combustion
B  standard enthalpy change of neutralisation
8 bondenergy B o

D iattice energy

Since the diagram shows an exothermic reaction, the only possible incorrect enthalpy change
is bond energy (option C) because bond energy Is the energy taken In (endothermic) to break
1 mole of covalent bond.

Antimony pentachloride is prepared in the manner as shawn by the equation below.
SbCl(s) + Ch(g) — ShCl(l)  AH® = 58 kJ mol*

Glven the AH® of ShGCls(s) is — 382 kJ mor, what Is the standard enthalpy change of formation
of ShCs()?

A +324 kJ mol! B -324 kJ mol!

C  +440kJ moH! B <440kimot
AH®= AH® (SbCis(s)) - AHP (SbChis))
-58 = AHP® (ShCis(s)) - (-382)
AHP (SbCls(s)) = -440 kJ mol*
PartnerinLeaming [Turn over
490
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17 & moles of ethanoic acid and & moles of ethanol were mixed in a 3 dm? reaction vessel. The

18

19

mixture was found to reach equilibium when 4.67 moles of aefhyl ethancate is formed. The

equatien Is as follows:
CHsCOOH{N + CH3CHZOH(!) = CHyCOOCH,CHs(l) + H0(1)

What is the value of K7

A 0.08 B 03 C 35 B 123

K. = [(4.67/3711(1.333)]
=123

Which of the following are conjugate acld-base pafrs?
1 NO»/HNG,

2 HPOAHPO4

3 CHyOH/CH:OH:"

A tlonly € 2only
c 3ony B 1and3ony

Option 1: acid — HNOs ; conjugate base — NOz
QOption 2: not conjugate acid-base pair
Option 3: acld - CH3OH,* ; conjugate base — CH3OH

Which of the following will give an acidic buffer solution when dissoived in 10 dm® of watar?
1 1 mol of CHsCCQOH and 1 mol of HCI

2 1 mol of HCI and 1 mol of CHsCOONa

3 1 mol of CHsCOOH and 1 mol of CHsCOONa

w. 2 and 3 only
B 3ony

A 1 and 2 only
¢ 1only

Acidic buffer includes a weak acld and Its salt.
Option 1: no weak acld nor salt

Option 2: no weak acid

Option 3: weak acid - CH:COOH ; salt - CH;COONa

PartnerinLeaming
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20 What is the pH of the resuitant solution at 256°C whan 50 em? of 0.20 mol dm?® NaOH and

2

20 cm® of 0.15 mol dm® HC! are added together?
A 10 B 22 c 118 B 130

Amaount of NaOH = 0.01 mol

Amount of HC| = 0.003 mol

HCl is the limiting reagent.

Amount of excess NaOH = 0.01 -0.003 = ¢.007 mol
pOH = -og(0.007/(70/1000})) = 1
pH=14-1=130

Which of the following statements are correct?

1 The ionic radii of Perlod 3 metals decraase across the period.
2 The pH of Parlod 3 oxides In water generally decreases across the period.
3 The electrical conductivity of Period 3 elements decreases across the period.

A 1only B 3only
B 1end2ony D 1,2and3

Option 3: electrical conductivity Increases frorm Na to Al before it decreases. Hence, the
statement is Incorrect. :

Which of the following statements is not true for Group 17 elements and its compounds?

A lodine is soluble in organic solvents because It can form instantansous dipole-induced
dipole with organic solvents.

B  Oxdising powsr of the halogens increases down the group.

C  Thermal stabilty of hydrogen halides decreases down the group.

D Volatility of the halogens decreases down the group.

Option B: ablity of halogens to acceot an electron decreases down the group due te the longer
distance between the nucleus and valence shell slectrons. Thus oxidiaing power of the halogens
decreases down the group.

PartnerinLeaming
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27  Epoxy resin and nylon are both polymers. Epoxy resin Is a hard plastic and becomes btack when

heated, while nylon melts upon heating. Which of the following staterents is frue about the
polymers?

There are crosslinks in both epoxy and nylon.

Epoxy resin can be recycled but nylon cannot be recycled.
Epoxy resin has high tenslle strength.

Epoxy resin s made up of linear polymers.

oo >

An amide is given below.

. _m_ o
N
(o]
What are the reagents that can be used to produce this amide?

HaNCH(CH3YCOOH, concentrated H:S04
HzNCH(CH3)NHz, HOOCCH(CHa)COOH
HzNCH(CH;)COQH, DCGC

HaNCH{CH3}CHz0H, H:NCH(CH3)COOH

oOBR®w >

HzNGH{GHs)COOH + HzNCH({CHs)GOOH farms the preduct under DCC.

29 The polymer having the repeat unlt shown occurs in bacteria as cell storage material.

Which deductions about this substance can be made from this structure?

1 It is a condensation polymer.

2 Hydragen bonding is formed between two polymer chains.

3 It can be made when a diol and a dicarboxylic undergo polymerisation.

PartnerinLeaming
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30

13

E 1ony

B 1and2anly

€ 1and3only

D 2and3only

Ans: A

- The structure shows a condensation palymer (polyester).

- The polymer does not satisfy the requirements of hydrogen bonding.

- It can be made from HOCH(CHa\)CH2CCO0H and not between a dicarboxylic acid and
diol. i IR o

Artamisinic acid Is a useful intermediate for making the anti-malarial n_._.a. artemisin.

OH

More papers at www.testpapersfree.com

Q
artemisinic acld

Which statement about this compound is not correct?

A It can be ssterifled by ethano), in the presence of H* lons.
B It can exhibit cis-trans isomerism around a double bond .
C  lthas a molecular formula of C1sHzz02.

D It can undergo condensation with ethylamine, In the presence of DCC.

PartnerinL.eaming [Turn over
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Section A
Answor all the questions in this section in the spaces provided.

1 In the Periodic Tabls, the p black contalns elements whose outer electrons are found in the p
subshell.

{a) Elements in the p block show a general increase In first lonisation energy as the atomic number
Increases.

{I) Draw the shape of a p orbital

M
(li}f Write an equation to show tha first ionisation energy of silicon.

SKg) — Si* -
{g) @) +s [

(i) Explain why there is a general increasa in first lonisation energles of the elements across
Pariod 3.

Similar shlelding AND increase in proton numbar/atomic number/nuciear charge
Increased nuclear attraction

PartnerinLeaming
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{iv) Element Ais in the p block.

The graph shows the successive ionisation energies for the removal of the first ten
electrons of A

)

ionisation
anergy

1 2 38 4 5 6 7 8 9 1
number of alectrons removed

State and explain the group of the Periodic Table that elemants A belongs to
group number: 13

explanation: large increase betwsen third and fourth ionisation snergies OR large
increase after third electron removed.

2l

(b} Silicon is found in many compounds in the Earth's o..:w» Silicon has only three naturally
occurring isotopes, 28si, 275i and 3°51.

U]

The table shows data for 22$1, 2%Si and 39Si.

Z8g; 9g; 30g;
Relative isotopic mass 28.0 29.0 30.0

A sample of silicon contains 82.2% ?%Si. The total percentage abundance of 2*Si and
3051 in the sample is 7.8%.

The relative atomlc mass, A, of silicon in the sample Is 28.09.
Calculate the percentage abundance of 3%Si.

Glve your answer to one dacimal place.

_umnzo..__.._.ow_._.__au
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(d) The table shows the electronegativity values of carbon, hydrogen and silicon. 3 (a) Chlorate(l) lons undergo the following reaction under agueous conditions.
alement carbon hydrogen silicon ‘ 2NHs + CIO™ — NzHa + CF + Ho0
ol negativity 28 21 18 A saries of experiments was carried out at different concentrations of CIO- and NHa.
(i C-Hand Si-H bonds have weak dipoles. The table shows the results obtained.,
annﬂ_m alsctronegativity values in the table to show the polarity of the C-H and Si-H pe— (o] - N - e ._
. Imol dm fmol dm fmol dm® s
Om.!...i_.._m,_. m_m+||||Im. 1 0.200 0.100 0.256
2 .0.400 0.200 2.05
(21 3 0.400 0.400 8.2
{i} Explain why methane, CHs, has overall dipole moment. .
() Usae the data In the tabla to determine the order with respect to each reactant, CiO-
Tetrahedral (molacuie) and NHs.
Individual bonds dipotes/partical cherges cancel Show your reasoning.
[2) Using expt 2 and 3, [NHa] x 2, rate x 4 so order with respect to [NHs} = 2
(8) SiH. reacts in air without heating but CHs must be ignited before combustion occurs. Using expt 1 and 2, [CIO] x 2 and [NH:} x 2, as rate x 8 (=22 x} so order with respoct
to[CIO]=1.
SiHa + 202 — Si02 + 2H0 2
CHy + 202 — CO2 + 2H:0
, {(if}y Write the rate equation for this reaction.
Suggest, with referance to bond energies from the Dafa Booklet, why SiM4 reacts in air ,
without heating but CH4 must be ignited. Rate = iNH3J{[CIO) "
Sl—H bond Is much weaker than C—H bond
) Use the Eccz.a of experiment 1 to calculate the rate constant, &, for this reaction.
Lower activation snergy required Include the units of k.
2t
{9 Silicon dioxide reacts with hot, concentrated sodium hidroxide. k = 0.2566/(0.200 x o.uoo»v k=128
() Identify the two products formed during this reaction. Linits: dmfmol2s
NazSi0s
H0
2
(i) Describe the behaviour of the silicon dioxide during E_m reaction. _
Acldlc il
[Total: 15] 2
. PartnerinL.earning
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{c)

10

1 mole of butane gas was addad to a 1 dm® closad systam, at a constant temperature and
pressure. The amount of butane and methylprapane was measured at regutar ime intervals.

10

1)

2]

07 4

0.8

amount 1
imol 98 o

time
me taken to reach dynamic equilibrium.

(0]

[

{ll} Use the graph to find the concentration of butane and methyipropane In the mixture at
equlfibrium.

concentration of butare = 0.3 mol dm®

concemiration of methylpropane = 0.7 mol dm® (1

PartnerinLearning
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(i} Write an expression for K for this reaction.
K. = [methylpropane] / {butane]

il
(iv) Calculate a value for K. and state its units.
K; = valua of methylpropansa In (i} / value of butane in (i)
=0.7/0.3
=233
Ko oot T LUBS S s enennena[2)
[Total: 10]
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14

Section B

Answer one question from this section in the spuces provided.

(a} Crude ol is a natural source of hydrocarbons that are used as fuels

)

Hydrocarbons with low relative molecular mass, M, are usa as fuels in indusiry, in the home
and for transport.

There Is a high demand for the hydrocarbons with low M.

() Name the process by which long-chain hydrocarbons are broken down into shorter-
chain hydrocarbons.

Cracking

{) Give one reason why hydrocarbons with low M; are suitable for use as fuals. &
Enthalpy change of combustion is highflange energy release {per mole / per unit mass)
Or Combust/burn easily

() incomplete combustion of hydrocarbons can release carbon monoxide, CO, Into a_“m_
atmosphere.

Write an equation for the formation of CO from the incomplate combustion of butane,
CaHe.

CuiHa + 407 — 4CO + 4H:0
(1

Thiophene, C¢H4S(1), is an organic compound that is found a3 & contaminant In crude oll.

{} A student cames out an experiment to determine the enthalpy change of combustion
of CaHaS{l).

Explain the meaning of the term enthalpy change of combustion.
The energy refease when 1 mol of a substance Is completely bum in excess oxygen.

{2

Partnerinlearning
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{li} The students uses the following apparatus in the experiment.

fuel burner
contalning C,H,S(}

mass of water in copper container / g 200
initial temperaturs of water / °C 18.5
i highest temperature of water { °C 375

Calculate the heat anergy released, in J, by the reaction.

ﬂm%ﬁg that 4.18 J of heat energy changes the temperature of 1.0 cm?* of water by

Assume no heat is lost to the surroundings.
m =200 and AT=37.5-18.5
Q= mcAT = 200 x 4.18 x (37.5 — 18.5) = 15 884J
heat energy released = ........................ J
(li} The student used 0.63 g of C4HaS(1} In the experiment. e

Calculare the enthalpy change of combustion of thiophene, AH. (CsHaS(1)). Include a
slgn in your answer.

Mol of thiophene usaed = 0.63/ 84.1
AH, = ~{}1000 +n = (i)}21000 -+ (0.63/84.1)
=2120kimol'

AHACHSD) = v kJ mot

Partnerinlearning
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7 {a) Mathanol Is used to calibrate the heat capacity of the calorimeter set up as shown below.

M

(n

Glven that standard enthalpy change of combustion of methanal is -732 kJ mol”,
determine the heat capacity of the calorimeter when 2.00 g of methanol ralses the
tamperature of the calorimater by 8.0 °C.

AQeurounding = CATsumounting
Aq = —AQwaraunding

AMg= MlEE.I
Istbatance bumt
st X AH, = —CAT
2 ~732000 = -C(8)
22
C=5720JK(3s)

{2

A student carrles out an experiment to determine the enthalpy change of combustion
of ethanot.

Explain the meaning of the term enthalpy change of combustion.
The energy release when 1 mol of a substance is completsly bum In excess oxygen.

2

PartnerinLsaming
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{lil) Determine the enthalpy change of combustion of ethanol given the following data:

(b) The chemical equation for the combustion of propene i a& shiown balow.

The table below shows the standard enthalpy changes of formation of the compounds

involved in reaction.

Mass of spirit lamp befere combustion: 5.445 g
Mass of spirit lamp after combustion: 3.585 g

Haset ¥ AH, =—CAT

19

Initia! temperature: 29.5 °C
Final temperature: 36.5 "C

5.445-3.585

(15+14+17)
AH, = —990kJmol* (3sf)

CaHa (g) + 2 Oz (g) — 3CO2 (g) + 3H,0 ()

xAH, =—-5720x(36.5-29.5)

B

Compound

CsHa (g}

H:0 {1}

AHP I kd mal!

+20

CO: (g}
-394

-286

Oz (g)
0

U] Explain why the standard enthalpy of formation, AH#, of oxygen Is zaro.

Q2Ag) — O:Ag) .
Initial state = final state, .~. there is no change in the energy level, hence AHP= zero ,

AHg= zero for any elements in their standard states and most stabie allotrope.

P
—
—

{I) Use the data from the table above fo calculate the standard enthalpy of combustion

of propene

AM# = 3(-394) + 3(-242) -

{20)— 4% (0) = 1928 kJ mot-*

PartnerinbLeaming
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