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Elements M and N have the following successive icnisation energies in kJ mol-'.

1st 2nd 3rd 4111 Sth Gth 7th
M 580 1800 2700 11600 14800 18400 23300
N 1300 3400 5300 7400 11000 13000 21000

What could be the chemical formula of the compound formed by these two elements?

A MN;
B MN;
C M:N;
D M:N;

Which particle would have a half-filled set of p orbitals on losing an electron?

A g B P C p p s

Which statement about the properties associated with ionic and covalent bonds is correct?

A Some covalent compounds can serve as electrolyte in water.

B lonic bonds and covalent bonds cannot both occur in the same compound.

C  lonic compounds and metals can conduct electricity in both the solid and liquid
states.

D  Any covalent compounds that have both hydrogen and oxygen in its molecule
can form intermolecular hydrogen bond.

Some covalent molecuies react to form ions. For example, NHs reacts with HC/ to form NH," and
CF. In these reactions, the bond angles in the reactants differ from those in the ions they form.

Which of the following pairs does the first compound have a smaller bond angie about the central
atom than the corresponding ion formed?

A C0,, COs™
B AlCL, AICIS
C NHs, NH,*
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D

BFs, BFs

Which set shows an increasing trend in radius?

oo o >

Na*, Ne, F~
AP, P, CIm
Ne, Mg?*, AP
§*,CH Ar

F, G and H are consecutive elements in the third period of the Periodic Table. Among them, element G
has the highest first ionisation energy and the lowest melting point.

What could be the identities of F, G and H?

oo w >

F G H
aluminium silicon phosphorus
aluminium magnesium silicon

silicon phosphorus sulfur
sodium magnesium aluminium

Consider the oxides of the Period 3 elements.

Which property decreases from Naz0 to $i0; and also from $i0; to P4O10?

A

B
Cc
D

covalent character

meilting point

pH when mixed with water
solubility in aqueous alkali

The use of the Data Booklet is relevant to this question.

Which statement is correct for the following hydrogen halides in the sequence shown?

HC/J, HBr, HI
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The bond strength increases.
The ease of oxidation increases.

The thermal stability of the compounds increases.

The bond polarity between hydrogen of halide atom increases.
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9 Which statements about a 35.5 g of chlorine gas are correct?
1 The number of atoms is the same as the number of ions in 31.9 g of Fe,0;.

2  The number of atoms is the same as the number of electrons in 1 g of hydrogen gas.

3 The number of atoms is the same as the number of oxygen atoms in 11.35 dm? of oxygen

gas at s.t.p.
A land2only
B 2and3only
C land3only
D  All of the above

10 One brand of antacid chewing gum contains 2.5% by mass of urea. The urea present in the
chewing gum will react with agueous acid in the mouth to give carbon dioxide and ammonium
salt according to the equation below.

CO(NH2}2 (aq) + 2H* (aq) + H0 (f}) > COa(g) + 2NH,4* (ag)
urea

What is the mass of chewing gum that would be required to neutralize 20 cm® of a
0.10 mol dm™ agueous HC/ solution?

A 006g
B 012g
C 150g
D 240g
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11 Which of the following enthalpy changes are endothermic?
1 Mg)»Ar(g) +e
2 o(g+e~ Og)

3 Mg(g) + 20-(g) ~» MgChiaq)

A 3only

B 1land2Zonly

€ 1land3only

D  All of the above

12 50 em? of 0.500 mol dm-2 aqueous hydrogen peroxide were placed in a polystyrene cup and its

temperature was determined to be 23.0 °C. 10 cm? of 0.500 mol dm-2 Fe(NOs)s solution was
added to catalyse the reaction.

H202(aq) -+ H20(7) + ¥20:(g)

The mixture was stired with a thermometer and a maximum temperature of 32.2 °C was
recorded.

What was the enthalpy change of the reaction? [Assume that the specific heat capacity of the
solution is 4.18 J K-'cm3.]

A -77 kJ moi! c ~2830 kJ mol-t

B _92kJmol D _2360 kJ mol

1  The standard enthalpy changes of combustion of but-1-ene, CsHg(g) is x kJ mol'.

The standard enthalpy change of the reaction 2 C2Hs(g) —~ CHs(g) is y kJ mol™.

What Is the standard enthalpy change of combustion of ethene, CzHa(g) (in kd mol)?

X-y x X+y
A 2 B X+ 24y b 2

N

Cc
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16

Given the following reaction in a vessel:
A(g)+B(@ = 2C(g)+D(g) AH <0
Which change in conditions increases both the rate of reaction and yield of the products?

A decrease the volume of the vessel
increase temperature and increase pressure

decrease the temperature and increase the pressure

o O W

add a suitable catalyst and add a suitable solvent to dissolve C

The hydrolysis of sucrose in aqueous solution is catalysed by hydrogen ions.

Which procedure can be used to determine the order of the reaction with respect to hydrogen
lons?

A Measure the rate of the reaction several times, but with a different concentration of
hydrochloric acid each time.

B  Add a suitable indicator and watch for the time when the colour changes

C Remove samples at various time intervals and titrate against a standard solution of
sodium hydroxide.

D Measure the change in pH during the reaction.

The equilibrium between Fe®* and I may be represented by
2Fe* (aq) + 2I- (aq) = 2Fe* (aq} + I2 (aq)

in a particular mixture, the equilibrium concentration of Fe* is 0.5 mol dm-3.

What will be the new equilibrium concentration of Fe®* if 0.5 moles of pure iron(ll} sulphate is
dissolved in 1 dm? of the mixture?

A 05moldm3
B 10moldm3
C  petween 0.5 mol dm=2 and 1.0 mol dm™3

P more than 1.0 mol dm™
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17  The reaction, 2A(aq) 0 B(g), was monitored by measuring the volume of gas B formed at regular
time intervals. The volume of B is plotted against time in the graph below.

Volume of B g
fem?® e A
50 ]
45 /
40 i
35 3 4
30 ] /
a5 /
s I {
15 /
10 /
55/
0#{ e . ; o b [ i€ /MiN
0 1 2 3 4 5 6 7 8 g

Which statements are true about the reaction?

1 Doubling the concentration of A will increase the rate of reaction by 4 times.
2 The overall order of the reaction is one.

3 The rate constant is 0.462 min™.

A 1lonly

B 1land3only

€ 2and3only

D All of the above

18  N:0s; decomposes according to the equation.
N2Os — 2NO, +20;
The decomposition is first order and the half-iife of N2Os is 150 s.

When a sample containing 0.10 mol of N:Os was placed in a 1 dm?® vessel, what is the
concentration of NO; after 5 minutes?

A 0.150 mol dm™
B 0.100 mol dm™3
C 0.050 mo!l dm™

D 0.025 mol dm™2
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19  The chemical equation for the redox reaction between iron (I1) and silver (I} is given below:
Ag*(aq) + Fe?(aq) = Fe*(aq) + Ag(s)

The equilibrium constants were measured to be 3.14 mol”" dm® at 25°C and
1.2 mol™ dm? at 35°C.

Which statement is false?

A  The forward reaction is exothermic.

B The value of % is 0.318 mol dm™ at 25°C.

C The addition of aqueous sodium chloride has no effect on the position of
the equilibrium.

D  The addition of silver solid has no effect on the position of the equilibrium.

20 Which species behave as Brgnsted-Lowry acids in the following reversible reaction?

HaPO4 (ag)+ CN™{aq) = HCN(ag)+ HPO4* (aq)

A HCN and CN”

B HCN and H:POs”

c HCN and HPO,>

D H2POs” and HPOS”

21 1.6 mol of pure nitrosyl chloride gas, NOC!, was heated at 320 °C in a 2.0 dm? vessel.
At equilibrium, 40% of the NOC! gas has dissociated according to the equation below.

2NOCI(g) = 2NO(g) + Ch(g)

What is the numerical value of the equilibrium constant, K.?

A 0.07M ¢ 0213
B 0.142 D 0427
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22 Tne pH curve below shows the pH change when 0.1 mol dm of sodium hydroxide is added
gradually to 100 cm? of 0.1 mol dm- of ethanoic acid.

pH A

100 150
Volume of NaOH / cm?

The experiment is then repeated by adding 0.001 mol dm=3 sodium hydroxide to 100 cm® of
0.001 mol dm-2 ethanoic acid. A new pH curve is constructed for this experiment.

Which statement is correct about the new pH curve?

The initial pH will be lower than that of point X.

The pH at the equivalence point will be higher than that of point Y.

The pH when 150 cm? of NaOH is added is lower than that of point Z.

The equivalence point will be reached when less than 100 cm? of NaOH is added.

o0 w >

23 Which statements about a reversible reaction that is catalysed are correct?

1 The catalyst alters the pathway of the reaction.
The catalyst reduces the activation energy for both the forward and the backward reaction.
The catalyst alters the composition of the equilibrium mixture and the value of K.

A 1,2and3

B 1 and 2 only
c 2 and 3 only
D lonly
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24 Dichlorodifluoromethane, CClzF,, has been used in aerosol propeilants and as a refrigerant.

Which statement helps to explain why dichlorodifluoromethane is chemically inert?

Fluorine is highly electronegative.

g 6 @ >

The carbon-fluorine bond energy is large.

The carbon-fluorine bond has a low polarity.

Fluorine compounds are non-flammable.

25 3-phenylpropene and excess chlorine are mixed in the presence of uv light. Which compound is

a possible product of the reaction?

Q_/‘T‘

3-phenylpropene
A
Ci
C/
c

O

« O

Cl

@,

<O

Cl C/

26 The conversion of propene into propanone can be accomplished in three steps.

Which combination of reagents could be used?

Step 1 Step 2
A Br; alcoholic KOH; reflux
B Brz aqueous KOH; reflux
C HBr alcoholic KOH; refiux
p HBr aqueous KOH; reflux
PartnerinLeaming
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H*/KMnOy; reflux
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15

Malic acid, HO2CCH{OH)CH.CO:H, is found in some fruits.
Which statement about malic acid is not true?

it can undergo reduction to form alkene.
Its molecule contains a secondary alcohol group.

It can form esters with both ethanoic acid and with ethanol.

o N w P

1 mole of malic acid will react completely with 3 moles of sodium metal.

Compound X has the molecular formula C3oH140 and is unreactive towards acidified K2Cr20-.

What is the structure of the compound formed by dehydration of X?

A CHg
CH—CH==CH,
B CHs
C=CH—CH,
C

CHy—CH——=CH——CH,

Which statements are true about the following compound?

OH OH
/_O

O

—

Its molecular formuia is C1oH1404.

2 it reacts with sodium hydrogen carbonate to give carbon dioxide gas.

3 [l reacts with hot acidified potassium dichromate to form a product with 5 O atoms.

4 Itreacts with 2 mol of sodium metal to form 1 mol of hydrogen gas.
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A 1and2only
B 3and4only

HO OH

o2

HO OH

HO
OH

P

HO. OH

I

16

A polymer chain of PET is given below.

O O
" om@\’/a\/\o o T~ OW’H
0 0 . Q
ET

P

Which are the monomers of PET?

HOWOH

0 o

HOWOH

O 0
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Section A
Answer all the questions in this section, in the spaces provided.

1 Ozone, O3, is an allotrope of oxygen. It is a pale blue gas with a pungent smell.

(@) What do you understand by the term allotrope?

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

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

(o) () Draw a dot-and-cross diagram of ozone. The ozone molecule is non-cyclic and
contains a dative bond.

[

(i) Suggest a value for the bond angle in the czone molecule.

Bondangle: ........ccceeneeenen.e.
{1

(iii) The strength of both oxygen-oxygen bonds in the ozone molecule is found to be
equal. This contrasts with what is predicted by your answer in (b)(i).

With reference to two relevant bond energy values in the Data Booklet, estimate a
value for the oxygen-oxygen bond energy in the ozone molecule.
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Ozone is usually made by passing oxygen gas through a tube between two highly charged
electrical plates.

302(g) - 204(g)
The reaction does not go to completion, so a mixture of the two gases results.
The average M: of the oxygen/ozone gaseous mixture may be calculated as follows:
average M, = (mole fraction of O3) x (M; of Oz) + (mole fraction of O3z) x {M; of Oz)
The ozone in the mixture can be determined by its reaction with aqueous KI.
Os + 2KI + H0 + Iz + Oz + 2KOH
The iodine formed can be determined by its reaction with sodium thiosulfate.

2NazS,05 + I » NaS:04 + 2Nal

(¢) 800 cm?® of an oxygenfozone gaseous mixture at s.t.p. was passed into 1000 cm? of
aqueous KI (an excess). 25.0 cm?® of the resulting solution was pipetted. The iodine in this

aliquot required 23.20 cm? of 0.0500 mol dm~3 Na2S205 for complete reaction.

(i) Calculate the number of moles of ozone in the 800 cm? oxygen/ozone gaseous
mixture.

[2]

(i) Calculate the average M:; of the oxygen/ozone gaseous mixture.
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(2]

Lead forms two chlorides, PbClz and PbClL. When chiorine is passed into a saturated
solution of PbClz in NH4Cli(aq), a yellow salt, Z, is formed. Z has the following composition
by mass:

Cl1, 46.7%; H, 1.76%; N, 6.14%; Pb 45.4%

Z is ionic with a formula mass of 456. One formula unit of Z contains one type of anion and
one type of cation in the ratio 1:2.

(@) (i) Calculate the empirical formula of Z.

2]
(i) Suggest the formulae of each of the ions present in Z.
Anion: ..............
Cation: ..............
(1]
(ili} What is the oxidation state of Pb in Z?
.......................................................................................................... [1]
(iv} Suggest the shape of the lead-containing ion.
.......................................................................................................... [1]
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(e} Define the term bond energy.

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

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

(1]
{H Under certain conditions the hydrogen halides decompose into their elements.
2HX T Hz + X2 (X=CL Brorl)

{i) How does the e)itent of this reaction vary down the group?

(1]
(ii) Use bond energy values from the Data Booklet to calculate the AH for this reaction

when X = C/and when X =1

[2
(I} Use your results from (ii} to explain the frend stated in (i).

[2]
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(g} The halogenoethanes CzHsC/, C2HsBr, C.Hst differ in their physical properties and
reactivity.

(i) Suggest and explain how the boiling points of these three compounds differ.

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

(i) Describe and explain how the reactivity of the three compounds differ when heated
with aqueous sodium hydroxide.

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

................................................................................................................
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2 (a) Nitrogen and phosphorus both form hydrides with the formulae NHs and PH3 respectively.
The boiling point of NHa is 240 K and that of PH; is 183 K. Suggest an explanation for the
difference in these boiling points.

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

{2
{b) Nitrogen and hydrogen react together to form ammonia in the Haber process.
Nz(g) + 3Hzg) T 2NHs(g)
During the synthesis of ammonia, the following equilibrium concentrations were
obtained.
molecule equilibrium concentrations/ mol dm™3
N: 1.333 ’
H, 1.145
NH; 0.236
Calculate the value and state the units of K, for this reaction.
K= e
URitS: e,
(2]
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(c) Explain in detail, with the aid of a Boltzmann distribution diagram, why a catalyst is used
in the Haber process.

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

(d) (i) Write an equation and give the conditions for reaction between ammonia and
bromoethane, CHzCH:Br,

EQUALION: 11eeeeniieere et et b e e s e
(O7n 0e 111704 1= o P PP PP
[2]
(i} What type of reaction is this?
[1]
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(e) Compound A is a useful intermediate for making primary amines from bromoalkanes as
shown by the following method.

So L
LOH aNCH5EH3
¥

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

M1
(i) What types of reaction are steps 1, 2 and 37
2T o e PRSP
Y 1= ¢ I PP URURON
Sl 3. e
(3]
(iii) Suggest reagents and conditions for step 3.
[Total: 1[;%
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3 (a) A section of poly(propene} is given below.

CHy H CHy H CHy H
1 ]
C——C—C——C—G——C

| |
i-|-{ H H H FI-I H

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

11

(i) Accidents can cause damage to muscles. When a surgeon repairs a wound in a

muscle, a mesh can be inserted below the muscle tissue so that on healing the

wound is less likely to re-open and the repair is stronger. Paly(propene) is the
recommended material for the mesh.

Suggest why poly{propene) is used rather than polyester or polyamide.

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

Some of the hydrocarbon molecules obtained from crude oil are broken down by a process
called cracking.

Cracking one mole of dodecane, Ci2Has, produces two moies of ethene and one mole of
another hydrocarbon molecule.

(ii) Write the equation for this cracking reaction. Use molecular formulae to represent
the hydrocarbon molecules.

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

The ethene can be used in the production of poly(ethene).

(lii) State one reason why poly(ethens) should be reused or recycled rather than just
thrown away.

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

PartnerinLearning
More papers at Vmﬂtestpapersfree.com



BP-251

13

[l

PartnerinLeamning

More papers at wv2vv8v§estpapersfree.com




BP-252

14

(b} There are two main types of poly(ethene), low density poly(ethene) (LDPE) and high
density poly(ethene)} (HDPE).

State and explain one difference in property between LDPE and HOPE, in relation to the
structure of the polymer. Hence state one use of each type of poly(ethene).

You may use suitable diagrams to illustrate the structures of LDPE and HDPE.

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

......................................................................................................................
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......................................................................................................................
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(c) Compound X can be used to make a polymer, via the same type of process as making
poly(ethene) from ethene.

H CHs

N__/

C—C

/

H CO,CH3

compound X

(i} Draw one repeat unit of this polymer of compound X.

[1]

(i) With reference to the origin of cis-trans isomerism in alkenes, explain why compound
X does not exhibit cis-trans isomerism. Draw a constitutional isomer of X which
exhibits cis-trans isomerism.

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

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

constitutional isomer of X which exhibits cis-trans isomerism:
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[3]
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(i) Compound X can be synthesised via the reaction scheme below.

H CHgj H CH3 H CHs
\C___C/ 1, \c=c/ n \C:C/
/N /N /

H CHZOH H COzH H CO.CH3

State the reagents and conditions needed for

(d) Benzene can react with ethene under certain conditions to form ethylbenzene.

CH,CH,

O o — O

ethylbenzene

() By using bond energy values from the Data Booklet, calculate the enthalpy change
for the reaction to form ethylbenzene as shown above.

1

() Use your answer from (i) to sketch a reaction pathway diagram for the reaction
between benzene and ethene.

[2]
[Total: 20]
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Section B
Answer one question from this section, in the spaces provided.

4 The enthalpy change of combustion of propan-2-ol is ~2006 kJ mol-".

(a) Calculate the mass of propan-2-ol that needs to be burnt to bring 1.0 kg of water at 30 °C
to 100 °C. Assume that the process is 80% efficient and the specific heat capacity of

wateris 4.2Jg 1K\

3]
(b) . . L
Consider the following energy cycle involving propan-2-ol.
| 9 ;
CH3sCH(OH)YCH3(2) + 2 Ox(g) 3C0z(g) + 4H0()
C(s) + 4Hz(g) + 502(g)
(i) Define enthalpy change of combustion of propan-2-ol.
(1
{ii) What does AH,represent?
(1}

PartnerinLearing
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(if)

20

Using the foliowing data, calculate AH,.

enthalpy change of combustion of carbon = -393 kJ mol™
enthalpy change of combustion of hydrogen = —285 kJ mol™
enthalpy change of combustion of propan-2-ol = -2006 kJ mol™

[2]

Both magnesium and silicon react with chlorine to give their chlorides, which differ in
their reaction with water. Write equations for the reactions of the chlorides with
water,

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

Describe these differences, and explain them in terms of the structures and bonding
of the chlorides.

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

................................................................................................................
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(d) Inthe presence of platinum catalyst, ammonia is oxidised by air to nitric acid. The
following equation is a summary of the overall process.

NHa(g) + 202(g) - HNOs(l) +H0()

The rate of reaction was measured at different times and the results are shown in the
table below.

[NHs1/mol dm™ rate/ mol dm3s?
2.20 22.7x 107
2.00 21.1x10™
1.80 18.9x10™
1.50 15.7 x 107
1.25 13.7 x 107
0.80 8.3x10™
{i) Plot a graph of rate against [NHs]. [2]

(fi} Use your graph to find the order of the reaction with respect to [NH3].

(2]
{iil) The order of reaction with respect to oxygen is zero. Write an expression for the rate
equation.
............................................................................................................. [1
]
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[2]

PartnerinLearning
More papers at Mestpapersfree.com



BP~261

23

PartnerinLearning

More papers at ww2vv9.t5estpapersfree.com




(v) Sketch a graph to show how the rate constant varies with the concentration of oxygen
gas at constant temperature.

rate
constant

:

[0}

{1l
(vi} Sketch the shape of the graph of [NH;] against time.
A
[NH;]
-

time
[1]
[Total: 20}

PartnerinLeaming

More papers at Mtestpapersfree.com

BP-262



BP-263

25

5 (a) Highlight the key differences between thermoplastic and thermoset in terms of their
structures and properties.

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

{b) Hydrophilic polymers find important uses in the manufacture of contact lenses and wound
dressings. Their chemical structures aliow them to bond with water molecules, which
keeps them soft and flexible. Sections of two hydrophilic polymers are shown below.

OH OH OH OH

—— CH—CH,—CH—CH,— CH— CH,— CH—CH,—

H
[ [
N CH-—CH Cc N CH,—CH—CH,—N—

om0

What type of polymerisation has produced

polymer H? ...
polymerJ? ...,
[2
(c) What type of attractions might occur between these polymers and molecules of water?
(1
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{(d) Chains of polymer H can be cross-linked by reaction with a small bifunctional moiecule.

(i} Which one of the following molecules would be most suitable for such cross-linking?
{(Place a tick in one box only)

HOCH;CH:CH

H2NCH2CH;NH;

HOCH.CH.CO:H

HO,CCH;CH2CO:H

HzNCH2CHzCORH

(]

(i) What type of bond would be formed during the cross-linking?

(e) Draw the structures of the two products formed when polymer Jis heated with hot agueous
sodium hydroxide.

(2]
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(i “Acidity regulators” are food additives that have a buffering action on the pH of foodstuffs.
Mixtures of citric acid, CsH704CO:H, and its sodium salt are often used for this purpose.
(K of citric acid = 7.4 x 10~ mol dm™)

CsH04C0H 1 CsH704C0:~ + H*

(i) Explain the term weak acid.

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

(ii) The concentration of citric acid in lemon juice is 0.22 mol dm=. Assuming that no
other acid is present, calculate the pH of lemon juice.

[3]

(iil} Write equations to show how the citric acid/sodium citrate buffer system regulates the
acidity on the addition of small amounts acids or base.

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

................................................................................................................
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(iv) Calculate the pH of a solution containing 0.10 mol dm™ citric acid and 0.30 mol dm=®
sodium citrate.

[2]

(v) Define the term K, and explain why, at 25 °C, water has a pH of 7.

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

..............................................................................................................
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2020 H1 Chemistry Preliminary Examination Paper 2
Suggested Solutions

Section A

1{a} | An allotrope is a different form of the same element.

(b)) .e
Ox0:0x
- . . »
XX XX

(b)) [ accept 111°to 119°_(actual 116-117°)

(b){il}} | 0=0 bond energy: 496 kJ mol-!
0O-0 bond energy: 150 kJ mol-1

The actual oxygen-oxygen bond energy is expected to be in-between that of a single and double
bond, therefore estimate is (496+150) + 2 = 323 kJ mol™

(c}} | number of moles of thiosulfate = 23.20 + 1000 = 0.0500 = 0.00116 mol
number of moles of iodine in aliquot = 0.00116 + 2 = 0.00058 mol

number of moles of czone in the gaseous mixture
= total number of moles of iodine produced = 1000 + 25 x 0.00058 = 0.0232 mol

(ci(ii) | total number of moles of gas = 800 + 22700 = 0.0352 mol
mole fraction of ozone = 0.0232 + 0.0352 = 0.659

average M, = (1-0.659} x 32.0 + 0.659 x 48.0 = 42.5 (1dp or 3sf)

{(d)i)
| Gl H N Pb
Massin 100g/g 48.7 1.76 6.14 454
Number of moles 6.7 =1.32 L7 =1.76 §14 =0.439 A4 =0.219
355 1o 14.0 207.0
Ratio 6 8 2 1

Empirical formula is ClgHsN2Pb.

(d)(ii) | Anion: [PbCle]*
Cation: NH4*

(d)(iil) [ +4

(d){iv) | octahedral

(e) Bond energy of a bond X-Y refers to the energy required to break 1 mole of covalent bond X-Y in-
the gaseous state.
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(A1) Extent of reaction increases down the group.

(AG) | 2HX(g) Z H (g) + Xe (@)
For X = CI: AH = 2 x 431 — 436 — 244 = +182 kJ mol™’

ForX=1: AH =2 x 299 — 436 — 151 = +11 kJ mol!

(N(iii) | e The results from (i) shows that down the group. the reaction becomes less endothermic, that
is, less energy is required to carry out the reaction.

e This is due to the weaker bond strength and longer bond length of the H-X bond down the
group. Therefore reaction occurs to a greater extent down the group.

(g)X() Boiling points will increase in the order:
C2HsCl < C2HsBr < CzHsl

Due to larger number of electrons, hence larger size of electron cloud and stronger dispersion
forces.

(glit) | C—X bond polarity will decrease in the order:
CzHsCl > C2HsBr > CaHsl

This is due to decreasing electronegativity from Cl to |.

(g)(iii) | Reactivity towards nucleophiles will increase in the order:
C2H5Cl < C2HsBr < CoHsl

Due to C—X bond strength decreasing {or weaker C—X bond) from C-Clto C-i.
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2(a) s Both NHs and PH; are simple covalent molecules.

¢ NH; molecules have hydrogen bonds between molecules while PHs molecules have weaker
dispersion forces between them.

e Hence, more energy is required to overcome the hydrogen bonding, resuiting in a higher
boiling point for NH.

2(b) INH, ]2
K. = N2JH2F = 0.0268 mor? dme

2(c)

A Fe catalyst provides an altemative reaction pathway for the Haber process which requires a
lower activation energy (E;') than the uncatalysed reaction (Ea).

As represented by the shaded areas in the Boltzmann diagram, there is an increase in the fraction
of reactant particies (N2 and Hz gases) that have kinetic energy greater than or equal to activation
energy E,'. This increases the frequency of effective collisions (rate constant increases) and
reaction rate increases.

2(d){(l) | CHsCH:Br + NH; © CHsCH:2NH: + HBr
ethanolic concentrated NHa, heat in sealed tube

2{d){ii) | Substitution

2(e){f) | Amide

2(e)(il} | Step 1: acid-base reaction
Step 2: substitution

Step 3: hydrolysis

2(e){iii) { Dilute H;SO,, heat
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3(a)(i) | Alkane

(i) Poly{propene) is fully saturated, has no reactive group and is chemically inert, not
biodegradable, not affected by enzymes.

Polyester has ester linkage while polyamide has amid linkage, these linkages may be
hydrolysed by acids, enzymes.

(iii) Ci2Hzs d 2C2H4 + CgHis

{iv) To reduce carbon footprint.
To minimise plastic waste.

{b)

LDP HDPE

2m for comrect diagrams.

LDPE:

¢ Polymer chains are highly branched. They cannot pack together closely and regularly. They
are more iregularly tangled together.

¢ soft, very flexible, stretchy, used as plastic bags

HDPE:

¢ Polymer chains have minimal or no branching. They can arrange parallel to one another.
They can pack closely together, giving a more regular structure with less empty space
between adjacent chains. So there are more points of contact between adjacent chains for
intermolecular dispersion forces to form.

¢ harder, stiffer, much more rigid, used as plastic bottles, detergent bottles

@0 [T u  cn,
]
C C
|

(c)(ii} | For cis-trans isomerism, each C on the C=C should have a H atom and a R group.
One carbon atom on compound X has a 2 H while the other C has 2 R groups, Hence, the
reugirements for cis-frans isomerism.

@@ | H H
\N_/

C=C

/N

HaC COoCH3z
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3(d)(i} | AH, = BE(C=C) - 2BE(C-C) — BE(C-H)
= 610 — 2(350) = —90 kJ mol™*
3(d)(ii) | Energy

y

CeHsCHZCHs

[
L

Reaction progress
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4(a)

Mr of propan-2-of = 60;
let mass of propan-2-ol needed = m g
m

heat from buming of propan-2-ol = 0.80 x 60 x 2006 x 10% 4
heat gained by water = 1000x4.2x70J
heat from burning of propan-2-ol = heat gained by water

m
0.80 x 80 x 2006 x 10° = 1000x4.2x 70
m=11.0g
(b)(l) | Heat evolved when 1 mole of propan-2-ol is completely burnt in excess oxygen
(ii) enthalpy change of formation of 1 mol propan-2-ol from its elements in their standard states
(i) | AH, = AH (products) — AHc(reactants) = 3(0393) + 4(0285) 0 (02006) = 0313 kJ mol™
©1) | MgChe + 8H0p D [Mg(HO) ey *2 Clg
[Mg(H:0)e'eqy + Hz0p i [Mg(H20)s0H] (aqr + HaO'(aqy
SiClsyy + 4H:0p 0O Si02.2H;0p + 4 HCI (g
(c)(if) | MgClys), a giant ionic salt, dissolves in water to form hydrated magnesium ions with a slightly
acidic pH. The higher charge density of Mg?* undergoes slight hydrolysis to form a very weakiy
acidic solution of around pH 6.5.
SiClyy, a simple covalent molecule, undergo complete hydrolysis; reacts with water forming a
very acidic soiution.
(d)i) | label axis correctly
plot all points correctly on graph.
(d)(i)) | rate vs [NHs3] is a straight line passing through origin, thus rate is directly proportional to [NHsj
hence, reaction is first order wrt to NH;. _
(iif) rate = k[NHs}
(iv) Using any point on the graph,

k=18.9x10'4
1.8

k=1.06x103g"
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0 I
[O:]
{vi)
[NH;]
: -
tire
7
PartnerinLearning

309
More papers at www.testpapersfree.com




BP-276

4{d){i)

o g
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5(a) Thermoplastics are polymers that can be melted and recast almost indefinitely.

There are no cross-links between polymer chains. They are molten when heated and harden
upon cooling.

Thermoplastics are usually more flexible.

In thermosets, each polymer chain is linked to many other polymer chains by covalent bonds.
The high degree of cross-finking greatly restricts movement of the polymer chains i.e. the polymer
chains cannot move or slide past each other. The high degree of cross-linking also prevents the
risk of the product remelting when heat is applied since a lot of energy is needed to break the
many cross-linking covalent bonds. Thus the material is very rigid and hard.

5(b) H: addition
J: condensation

5(c) Hydrogen bonding

5(d)i) | HO-CCHCH.CC,H

5(d)(ii) | Ester bond

Ble) OH o)

0 HoN NHg
O Na*

OH
O Na* OH

5(f)(i} | A weak acid HA dissociates partlally in water to give H;0".

50(i) | Ka = [H)[AVIHA]
Assume x is negligible

2
X2 =74%x10"*
0.22

[H*] = x = 0.01276 mol dm™®
pH = -ig [H*] = 1.89 (3 s.f)

5(0)(31i) | CsH704CO:H + OH 0O CsH0.C0O:+ H0
CsH04CO:+ H* T CsHAO4,CO-H

5(f)(iv) | _ [47]
pH = pKa + lg_[HA]
[0.3]
- -8 il
pH=-1glg74%x107° +lg [01] 7.61

5(fi{(v) | At 25°C, Ky =[H*][OH] = 1-10~24
[H] = [OH]=v1.10" = 1.1077
pH=-lg[H']=7
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