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1

2

Use of the Data Booklet is relevant to this question.

A typical solid fertiliser for use with household plants and shrubs contains the
elements N, P and K in the ratio of 15 g : 30 g : 15 g per 100 g of fertiliser. The
recommended usage of fertiliser is 14 g of fertiliser per 5 dm3 of water.

What is the concentration of nitrogen atoms in this solution?

A 0.015 moidm™3
B 0.030 mol dm-3
C 0.075 mol dm™2
D 0.149 mol dm™3

Compounds J and K each contain 40.0% carbon by mass.

What could J and K be?

J K
A hexose, CsH1206 starch, (CeH100s)n
B pentose, CsH100s hexose, CsH120s
C pentose, CsH100s sucrose, Ciz2H22011
3] starch, (CeH1005)n sucrose, C1z2H22011

The equations for three reactions are given below.

Clz(g) + 2H20(l) + SO2(g) — 2HCl{aq) + H2504({aq)
Clz(g) + H25(g) ~» 2HCH{g) + S(s)
2H2S(g) + SO2(g) — 2H20(l) + 3S(s)

What is the correct order of strength of the three reacting gases as reducing
agents?

strongest weakest
A hydrogen sulfide sulfur dioxide chlorine
B sulfur dioxide hydrogen sulfide  chlorine
C chlorine hydrogen sulfide  sulfur dioxide
D chlorine sulfur dioxide hydrogen sulfide
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4 Beams of charged particles are deflected by an electric field.

In an experiment, protons are deflected by an angle of +15° In another
experiment under identical conditions, particle Y is deflected by an angle of +5°.

What could be the composition of particle Y?

no. of protons | no. of neutrons | no. of electrons
A 1 2 1
B 3 3 5
C 4 5 1
D 4 5 3

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

The graph shows the successive ionisation energies of element X and element Y.
Both elements are in Period 3.

4

key
-euwe glement X

elementY

ionisation
energy

1 1 ] | 1 1 T 1 1 1
g 1 2 3 4 5 6 7 8 9 10
number of electrons removed

Which statement is not correct?

A An atomn of element Y has three electrons in the 3p subshell.
B The ion of element of X is smaller than that of Y.
C Y is more electronegative than X.

D The total number of occupied orbitais in Y* is one less than that in an atom of
X.
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6 Which molecule has the largest overall dipole moment?
H CH, CHj
\C=C B 0O0=—C
H/ \CH3 CH,
cl HsC Cl
0=—C D C==C
Cl cl CHy

7 Which types of bonding are present in lithium nitrate, LINO3?

W N -

ooOow >

ionic
covalent
co-ordinate (dative covalent)

1 only

1 and 2 only
2 and 3 only
1,2and 3

Which statement is not correct?

=

The hydrogen bonds in ice are more regularly arranged than in water.

Two electrons from each oxygen are involved in forming hydrogen bonds in
ice.

All the bond angles surrounding each oxygen atom in ice are 109.5°.
The open structure of ice causes ice to be less dense than water.
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5

The table gives the lattice energies of sodium chloride and magnesium oxide.

sodium chloride magnesium oxide
lattice energy —~787 kJ mol-*! —3795 kJ mol™*

Which of the following statements are true?

1 Sodium chloride has a longer bond length than magnesium oxide.

2 Both magnesium ion and oxide ion have smaller ionic radii than sodium icn
and chloride ion. -

3 Sodium oxide is predicted to have a more exothermic lattice energy than
sodium chloride.

1 only
1,2and 3
1 and 2 only

oO0Ow>

2 and 3 only

The standard enthalpy change of combustion of but-1-ene, C4Hs(g), is x kJ mol*.
The standard enthalpy change of the reaction 2CzHa(g} — CaHa(g) is y kJ mol™.

What is the standard enthalpy change of combustion of ethene, C2Hs(g)?
X -1
A §+ y kd mol
B x+¥ kJmott
2
c -";—y kJ mol-"

D X=¥ «Jmot
2
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6

Use of the Data Booklet is relevant to this question.

A butane burner is used to heat water. The M: of butane is 58.
e AH| ¢ of butane is —2877 kJ mol-".
s 250 g of water is heated from 12 °C to 100 °C.

¢ The bumer transfers 47% of the heat released from the burning fuel to the
water.

Assume that the butane undergoes complete combustion and none of the water
evaporates.

What is the mass of butane that was burnt?

A 0071g B 1859 C 394¢g D 448¢

Excess magnesium powder is added to 25 ¢cm? of dilute hydrochloric acid. The
total volume of hydrogen gas evoived was measured.

in a second experiment, magnesium powder of the same mass was used. This
was added to 25 cm? of dilute ethanoic acid. The total volume of hydrogen gas
evolved was measured.

If the same concentration of acids were used in both experiments, how will the

initial rate of reaction, total volume of hydrogen evolved and initial pH in the
second experiment compare to that of the first experiment?

total volume of

initial rate of reaction hydrogen evolved - initial pH
A decrease no change ' higher
B decrease decrease lower
c no change decrease higher
D no change no change lower
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13 The Maxwell-Boltzmann distribution for a gas at constant temperature is shown
below.

fi = number
of molecules

8 U S

Y

molecular energy

If a catalyst is added to the reaction, what happens to the number of molecules
for energy X, Y and Z?

X Y V4
A higher lower lower
B higher higher higher
Cc lower lower lower
D no change no change no change

14 The percentage yield and rate of chemical reactions is an important
consideration in industrial applications like the Haber Process.

Nz + 3Hz [T 2NHs

Which of the following changes made to the Haber Process increases both the
rate and percentage yield?

A Increase in temperature

B Add a catalyst

C Increase in pressure

D Increase the volume of reaction vessel
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15 At 500 K, 0.80 mol SO2 and 0.30 mol Oz were introduced into a 10 dm3 vessel.
The amount of SO3 formed at equilibrium was 0.50 mol.

8

2502(g) + O2(g) = 280s(g)

What is the value for Kc?

A

B
C
D

16 A specified volume of water was heated. The different values of the ionic product
of water, Kw, was obtained at two different temperatures.

0.0180
33

56

556

Temperature / °C

25

62

Kw / mol2dm-8

1.0 x 10-™4 1.0 x10-"2

Which of the following is true for water at 65 °C?

A

B
c
D

It is neutral and its pH is 7.

It is neutral and its pH is less than 7.

It is not neutral and pH is less than 7.
It is not neutral and its pH is less than its pOH.
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17 15.0 cm? of 0.100 mol dm=2 NH3 was titrated against 0.100 mol dm= HCI. The
following pH-volume graph was obtained.

pH
LAY
14 —

12 ]

v

0 5 0 15 %0 2 30

volume of HCI added / cm?

Which statement about the titration is correct?

A buffer exists at point A.

The solution at point B contains NHa.

Methyl orange indicator can be used for this titration.
The solution at point C only contains HCI.

W N

1and 3
1and 2
3and 4
4 only

o0 m>P
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18 Which of the following graphs best represents the variation in melting points of
the oxides of period 3 elements (Na to 8)7?

A Melting point Melting point
| \q
oxides across Period ! oxides across Penod
C  Melting point Melting point

AN

oxides across Period

B

oxides across Period

19 A diagonal relationship is said to exist between certain pairs of diagonally
adjacent elements in the second and third periods of the Periodic Table. The

compounds of Be and B display similar physical and chemical properties with
- those of Al and Si respectively. -

Which of the following conclusions can be made?

1 Both BeClz2 and BCls produce white fumes in moist air.
2 BeO reacts with HCI but B203 does not.

Both BeO and B20s3 react with water to form basic solutions.

w

1,2and 3
1and 2
2 only

OO0 o>

3 only
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1

20 W, X, Y and Z are elements in Period 3.

21

W has greater electrical conductivity than Y but lower first ionisation energy than
X. Y has higher melting point than W, and Z has a greater atomic radius than W.

Based on the above information, which of the following correctly identifies these
elements?

W X Y Z
A Al P Si Mg
B Na Mg S Si
C Si S Al Na
D Si Mg P Na

in which molecules do all the carbon atoms lie in the same plane?

1 2,3-dimethylbut-2-ene
propane

w M

benzene

1,2and 3
1and 2
2and 3
1and 3

g0 w>»

22 The derivative of drug cortisone has the formula shown.

OH
O

0
What is the molecular formula of the compound?

A Ci7H2003 B Ci7H2203 C Ci1sH2203 D C18H2403
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23 In the substitution of 2-methyibutane with bromine, a mixture of mono-brominated
compounds were obtained.

What is the statistical ratio of the two mono-brominated compounds with the
highest yields?

A 1:6 B 1:4 c 1:3 D1:2

24 Aqueous silver nitrate was added at the same time to separate solutions of

chloropropane and iodopropane. The signs of a precipitate were first seen in the
sample containing iodopropane.

Why did a precipitate appear in iodopropane first?
A The chloropropane also reacted with the aqueous silver nitrate but gave a

soluble product.

B The chloropropane reacted more slowly because the carbon-chlorine bond is
less polar than carbon-iodine bond.

C The chloropropane reacted more slowly because the carbon-chlorine bond is
longer than carbon-iodine bond.

D The iodopropane reacted more quickly because the carbon-iodine bond is
weaker than carbon-chlorine bond.

25 Which alcohol can be dehydrated to give a mixture of products?

H H H H H H CH,

cH
H H H H H H H
H H H H CH,

C H—C—C—C~—OH D H—C—C—OH
H CH.H H CH,
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26 A sample of pentan-1,5-diol is completely oxidised by acidified KMnOa.

What is the mass of the product formed from oxidation of 1.00 g of
pentan-1,5-diol?

A 0962¢g

B 1.12g
C 127g
D 137¢g

27 The diagram shows the structure of compound Z.

~ A

r 4

What is the product of the reaction between compound Z and an excess of
NaBH4?

OH OH oH OH
0 0 O OH
C/\[)K/u D/Y"\)

28 Ethyl propanoate is heated under reflux with aqueous sodium hydroxide. The
alcohot produced is then reacted with 2-methylpropanoic acid to make a second
ester. What is the structural formula of this second ester?

0

0
CH,~—CH,—O0—C—CH—CH, CHaﬂ-Ci-lz—-CH,--O—g—-CH-—CH,

A B
CH, CH,
o 0
c t:t-i:,—(:——t)—cﬂz—c|:H—r:.H3 D CH3—-CH2-C—0—CH2—CI:H—CH3

CH, CH,
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29 Which monomer will react to give a polymer with the repeat unit shown below?

el ton
—+C—C—C—C—C—C—H
T T R
H H H CH3 H HC C C c
|
i Lo

1 CHz=CH-CH= _
2 CHs—-CH=CH-CHs
HaC H
/
Cc=C H

1 only
tand 3
2and3
1,2and 3

o0 w >

30 Poly(methyl methacrylate) is used to make hard contact lenses. Part of its
polymer chain is shown.

Which statement about poly(methyl methacrylate) is correct?

A small molecule of water is lost when polymerisation took place.
Its monomer includes a dicarboxylic acid and a diol.

It can undergo alkaline hydrolysis.

It can form hydrogen bonds between two polymer chains.

o0 o>
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(a)

(b)

2

Section A

Answer all questions in this section in the spaces provided.

In each of these reactions, different chlorine-containing compounds are formed in
a redox reaction.

State the oxidation number of chlorine in each of the chiorine-containing species
for the following eguation.

2NaClOz + Clz = 2CIO2 + 2NaCl
Species | Oxidation number | Species | Oxidation number
Reactants | NaClOz Clz2
Products | ClO2 NaCl

(2]

6.13 g sample of the salt KCIOs was dissolved in water. The solution was
acidified and made up to 100 cm3. A 10 c¢m3 portion of this solution was

completely reduced by 12.5 cm? of 0.200 mol dm2 Hz0z(aq).

(i) Calculate the final oxidation number of chlorine.

H1 Chemistry 8873/02 NYJC J2/20 Prelim
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3
(i)  Using your answer in (b)(i) and the table in (a), deduce the chlorine- |  For
containing product of this reaction. Sy
................................................................................................................. [1]
(i) Hence, construct a balanced equation for the reaction between H202 and
acidified ClOs~.
................................................................................................................. [1]
[Total: 7}
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2(a) H20:2 is unstable and slowly decomposes in the presence of light to form water exa;‘,?;efs
and oxygen. The decomposition of H202 is an exothermic reaction and the | ussony
numerical value for the enthalpy change of decomposition of H20:2 is

98.2 kJ mol-'. The activation energy of the forward reaction is +75 kJ mol-1.
2H202 —» 2H20 + O2

(i) Draw the reaction pathway diagram for the decomposition of H202 on the
axes below.

v

[2]

In the presence of a catalyst, the activation energy of the reaction is lowered by
50 kJ mol. "

(i)  Determine the activation energy of the backward reaction when a catalyst
is added and label this in the diagram in ().

(1]
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5
(b) The graph shows how the concentration of Hz202 changes with time.
[H202] / mo! dm~2
0.03 a\
N
002 AUEEER
0.01 | _ \\‘\ _ :

5 10 15 20 25 30 time / min

(i) Deduce, showing your working, the order of reaction with respect to H20x.
Hence write the rate equation for this reaction.

----------------------------------------------------------------------------------------------------------------------
......................................................................................................................
......................................................................................................................

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

(i) By drawing a tangent at t = 0 min, calculate the initial rate. Hence,
calculate the rate constant for this reaction, stating its units.

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

----------------------------------------------------------------------------------------------------------------------
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6
(iii) Sketch a graph of rate of reaction against [H202] for this reaction. xa e
use oy

[

(c) With an aid of a labelled diagram, explain the effect on the rate of the reaction
when the temperature was increased.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
R R L L L T

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

[Total: 12]
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3(a)

7
(i) The boiling points of three chiorides are given in the following table.
compound boiling point / °C
magnesium chloride 1412
aluminium chloride 178
phosphorus pentachloride 166

Explain the differences in the boiling points of the above compounds in
terms of structure and bonding.

......................................................................................................................
- n e E o R e e E R A NS Ae A SN SR ar A AN FEEENS KA EAAAEEETEFYATIANCEEANETUNTAEEEEE TS LRARSATARA KA AR RSR AR KR ERSRREeS
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................
......................................................................................................................

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

(ii)  Explain the reaction of magnesium chloride with water, suggesting the pH
of the resulting solution and writing equations, where appropriate.

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

......................................................................................................................
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8

{iii) Using relevant data from the Data Booklet, explain why the resulting
solutions of magnesium chloride and aluminium chloride with water give
rise to different pH values.

----------------------------------------------------------------------------------------------------------------------
......................................................................................................................

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

(b) A solid mixture X containing magnesium oxide, magnesium chloride, aluminium
oxide and silicon chips was required to be separated. The following procedure
was carried out on the mixture.

Solid Mixture X

Step I
Hz0, filter
Filtrate A Residue A
Step II
excess
NaOH, filter
Filtrate B Residue B
Step ILI:
excess HMCI,
filter
Filtrate C Residue C

(i) Write the balanced equations of the reactions that occurred in steps It and
111, given that only one reaction occurred at each step.

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

(ii) State the substance(s) present in

Residue A

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

Residue B

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

Residue C

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

Filtrate C
[Total: 12}
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9

4 Coffee is an acidic beverage as the brewing process releases acids from the

coffee beans. The perceived acidity in coffee drinks is found to correlate to its pH.

The table below shows some of the weak acids that are commonly found in a
typical medium roast coffee.

acid structure Ka / mol dm=2
ethanoic acid CH3COOH 1.8 x 108
HO COH
o
/ .
chlorogenic acid | H© OJ\/@ 4.0 x 10~
OH
OH
OH
| o O, (Ka1) 7.2 x 1074
citric acid Ho (Ka2) 1.7 x 107®
on O (Kea) 4.1 x 107
o (Ka1) 4.0 x 10
malic acid HC2CCH2CH(OH)CO2H
2CCHZCH(OR)COz (Kaz) 7.8 x 108
HO CO,H
quinic acid 40 x10*
HO OH
OH

(@ i)

(in)

Explain the meaning of the terms acid and weak acid, in terms of the
Bransted-Lowry theory of acids.

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

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

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

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

By considering the Ka values, suggest which acid will contribute the most

to the acidity in coffee (ignore the effect of Kaz and Ka3). Explain your

answer.

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

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

..................................................................................................................
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(b)

10
(iii) Malic acid is a diprotic acid.

Write an equation to represent the second acid dissociation, Ka2 of malic
acid, and hence write an expression for Kaz.

......................................................................................................................
----------------------------------------------------------------------------------------------------------------------

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

.................................................................................................................. [2]

(iv) Suggest a reason why the value of Ka2 of malic acid is smaller than its Kai
value.
.................................................................................................................. 1]

It was found that the acid present in the largest quantity in coffee beans is
chlorogenic acid, C1sH1s0s. It is believed to be the main acid that causes the
coffee acidity and it is also partly responsible for the bitterness in coffee.

HO CO,H

HO 0

CH
OH

OH
chlorogenic acid

An experiment was conducted to determine the concentration of chlorogenic acid
in the coffee drinks that were brewed by coffee powder of different grind sizes.

The foliowing results was obtained when the coffee powder was brewed for 5 min.

coarse grind fine grind | extra fine grind

[chiorogenic acid] / mg dm-2 700 1060 1180

(i) With reference to its structure, suggest a reason why chiorogenic acid can
dissolve in water when the coffee powder was brewed.

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

......................................................................................................................
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1
(i) State and explain the relationship between the grind sizes and For
concentration of chlorogenic acid in coffee drinks. ey
.................................................................................................................. 2]
(i) A cup of coffee brewed using the fine grind coffee powder was found to
have a pH of 3.04.
Assuming that the acidity is due to chlorogenic acid only, calculate the
concentration of the acid in mol dm=2and hence the degree of ionisation of
chlorogenic acid.
[3]
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{c)

(d)

12

The percentage by mass of chlorogenic acid in the different types of coffee
powder is shown below.

Green Robusta

Roasted Arabica

Instant Coffee

% by mass of
chlorogenic acid

8.8

2.3

5.8

In the experiment in (b), 10.0 g of fine ground coffee powder was brewed in
200 cm? of water. The chlorogenic acid in the coffee powder was assumed to
dissolve in water completely during the brewing.

Calculate the percentage by mass of chlorogenic acid in the coffee

U
powder used.
[1]
(ii) Hence, state the type of coffee powder used in the experiment.
.................................................................................................................. 1]

Excessive quinic acid has been associated with unfavourable sourness when
brewed coffee is left on a heater plate. it was also found that the concentration of
quinic acid in coffee increases inversely with chlorogenic acid.

HO CO,H

HO CO,H

0
HO o NF
OH HO OH
OH OH
OH
chlorogenic acid quinic acid

Y

brewed coffee was left on a heater plate.

Suggest a reason why the concentration of quinic acid increases when

.....................................................................................................................
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(e)

13
(i)  Suggest the structure of the other product obtained together with quinic
acid.
Assume does not react in this reaction.

OH
OH

1

Draw the product obtained and state the type of reaction when quinic acid reacts
with the following reagents.

HO CO,H

HO OH
OH

quinic acid

(i) NaOH(aq), room temperature (ii) Ethylamine, DCC

Type of reaction: Type of reaction:

[4]

H1 Chemistry 8873/02 NYJC J2/20 Prefim [Turn over
PartnerinLeaming

More papers at V\Mestpapersfree.com

BP-470

For
examinet’s
use only




f

14

Quinic acid can be converted into shikimic acid using a biocatalyst.

CO,H

HO OH
OH

shikimic acid

Suggest a simple chemical test that can check if the conversion is successful,
stating clearly the reagents and conditions, and the expected observations.

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

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

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

..............................................................................................................
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5 Polyurethanes are polymers composed of organic units joined by urethane links.

The reaction of a diisocyanate with a diol to form polyurethanes is as shown.
R! and R2 are hydrocarbon groups.

|
0=C=N—R'—N=C=0 *+ HO—R!*—OCH > C—N-—R'—N—C—0—R2—0

|

H H
a diisocyanate a diol a polyurethane

Lycra® is a polyurethane which is made up of two monomers, methylene diphenyl
diisocyanate and propane-1,3-diol.

SN P
N 7
”“@"%@_“ HO—CH,—CH,—CH,—OH

methylene dipheny! diisocyanate propane-1,3—diol

(@) Propane-1,3-diol can be synthesised using glycerol. The following synthesis
pathway shows how propane-1,3-diol is formed from glycerol.

step 1

HO/\‘/\OH e T N0

OH
glycerol “,

propane-1,3-diol

Suggest the type of reaction and the reagents and conditions involved in step 1
and step 2.

Step 1:
1YPE OF FBACHON. .vvv vereeeeenrierrceiniesae e s esrr e re st
reagents and CONAItONS. ..........oovierriiiiiiii
Step 2:
type of reaction.........ccoovevii e PP PRI

reagents and CONIIONS. ... ....oumimuimriiiir [4]
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16
(b)  With reference to the structure and bonding of polyurethane, predict whether |, .Fo
fabrics made of Lycra® are prone to creasing after they are washed and dried. use only

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

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

[Total: 6]
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(a)

17
Section B

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

The elements in Group 17 of the Periodic Table often form stable compounds
with both metals and non-metals.

When Clz{(g) is passed over hot iron, FeCls(s} is formed.

)

(i)

(iii)

The iron and chiorine in FeCls exist as the Fe** and CI- ions.

State the full electronic configuration of an iron ion, Fe**, and a chloride
ion, CI-.

Use the Data Booklet to state and compare the values of the atomic and
jonic radii of chiorine.

Explain why they differ.

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

However, when I2(g) is passed over hot iron, the following reaction occurs.
Fe(s) + I2{g) — Felx(s)

State what you would observe during the reaction between Fe and l2.
Explain why Felz(s) is formed rather than Fela(s).

(0 Y= = n17- L1Le ) £ TR PSP

EXPIANALION. .. -eececerterre e e et st s

----------------------------------------------------------------------------------------------------------------------
......................................................................................................................

......................................................................................................................
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(b)

18

HOF is the only known molecule that contains only the elements hydrogen,
oxygen and fluorine.

HOF is an unstable compound and decomposes to form HF and O-.

(i)

(iii)

HOF(l) — HF(g) + V2 O2(g)} AH, =-139 kJ mol!

Draw a ‘dot-and-cross’ diagram to represent the bonding in a molecule of
HOF. |

[]

- Using values from the Data Booklet, calculate the enthalpy change of the

reaction, 7z Ha(g) + ¥z F2(g} —» HF(g).

(2]

Using AHg (H20) = —285.8 kJ mol' and the above given and calculated
values, fill in the boxes in the energy cycle below.

Hence, calculate the enthalpy change of the reaction, AHy.

Hz0(1) + F2(g) ——---bf HOF() + HF(g)

|

Ha(g) + %202(g) + F2(g) » 2HF(g) + %02(9)

[2]
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(c)

19

Hydrogen reacts with iodine in a reversible reaction.
Ha(g) + l2(g) = 2HI(g) AH = +26.5 kJ mol~"!

An enclosed vessel containing 2.50 mol of hydrogen and 2.00 mol of iodine was
allowed to reach dynamic equilibrium. The equilibium mixture was found to
contain 3.38 mol of hydrogen iodide.

{)] Explain the term dynamic equilibrium.

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

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

.................................................................................................................. [1]
(ii)  Use the information given to compliete the table below.
Amount / mol Hz(g) + l2(g) = 2HI{g)
Initial
Change
Equilibrium
(2]

(i) Write the expression for the equilibrium constant, K.. Use your answers in
the table above to calculate the value of K.

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

......................................................................................................................
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(iv)  Explain the effect on the position of equilibrium and the value of Kc when | For
use onty
I the temperature is increased.

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

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

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

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

[Total: 20]
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21

Poly(ethene) is one of the most widely produced plastics in the worid. It is formed
by the polymerisation of ethene.

(i)

(if)

(iii)

Describe the bonding in ethene in terms of orbital overlap. You may draw
a diagram to illustrate your answer.

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

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

Describe the changes in chemical bonding that occur during the
polymerisation of ethene.

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

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

The C-C bond angle in ethene changes when the polymer is formed.

State and explain how the C-C bond angle differs between a molecule of
ethene and the polymer.

bond angle changes from .................... (o U
EXPIANALION......oecece e s
.................................................................................................................. [2]
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22

Poly(ethene) exists as low density poly(ethene) (LDPE) which has a lot of
side-chains, and high density poly(ethene) (HDPE) in which there are fewer and
shorter side-chains.

(iv) Explain, with the aid of diagrams, why the presence of side-chains causes
a difference in density in poly(ethene).

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

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

(v)  Suggest one difference in their physical properties.

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

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

(vi) Poly(ethene) bags pollute the environment for a long time because they
are non-biodegradable. Suggest why.

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

......................................................................................................................
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(b)

23

Over the years, there has been considerable research into biodegradable
plastics such as poly(glycolic acid) (PGA). Along with its thermoplastic properties,
PGA has been manufactured into various medical applications. An exampie is in
surgical sutures which is used to close the edges of a wound and to repair
damaged tissue. It degrades as a wound heals. The repeat unit for
poly(glycolic acid) (PGA), is shown below.

0

n

(i) Draw the displayed formula of the monomer for PGA.

[2] |

(i)  Suggest the reagent and condition needed to prepare PGA from the
monomer identified in (i) in the school laboratory.

.................................................................................................................. [1}
(i) Suggest how PGA degrades as the wound in the body heals.
.................................................................................................................. [1]
(iv)  Suggest why PGA would not be a suitable containers for food.
.................................................................................................................. [1]
Ht Chemistry 8873102 NYJC J2/20 Prelim [Turn over
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24

Poly(ethene)} and poly(glycolic acid) are synthesised from their respective
monomers by different reactions.

(i) State the different types of reaction that ook place in the polymerisation.

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

(i)  Suggest one difference in the polymerisation reactions identified in {c)(i).

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

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

.................................................................................................................. 1]
The table shows the melting points of three polymers.
polymer melting point / °C
poly(ethene) 135
poly(glycolic acid) 230
nylon 6,6 269

The repeat unit for nylon 6,6, is shown below.

0
MNH\/\/\/\ ;}’
NH

o

Explain the differences in melting point of these three polymers in terms of
intermolecular forces between the chains.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
----------------------------------------------------------------------------------------------------------------------------------
..................................................................................................................................

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

[Total: 20]
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Nanyang JC J2 Preliminary Examination 2020
H1 Chemistry 8873/01
Paper 1 MCQ Answers

1 B

Thera Is 15 g of N per 100 g of fertliser.

15
n{N) in 100g *m_.—___ww?._ﬂ.m
-, {N) In 14g fertiliser A%ﬂa&z?i% mol
0.500 mol is dissalved In 5 dm®.

_ 0.1500 3
Hance conc of N afoms = 5 =0.0300 mol dm
2 B
% mass of C in hexose

12x6 =12 _400%

6x12.0+12x1.0+6x16.0 180

% mass of C in pentose

12x5 H.BHaD.o_ﬁe

5x12.0+10x1.0+5x16.0 150

3 A
Clz +2H20 +S02— 2HCHH2504

Cl is reduced from 0 in Clzto -1 in"HCl while
S is oxidised from +4 in SOz21o0 +6 in H25804.

S0z is a stronger reducing agent than Cla.
Clz + H:5 - 2HCI + 8

Cl is raduced from 0 in Clzto -1 in HCI while
S Is oxidised from -2 In H2S fo 0 in 8.

H:S is a stronger reducing agent than Clz.

2H75 + 80z -» 2H20 + 38

S Is reduced from +4 in SOzto ¢ in § while
S s oxidised from -2inHzSto 0 in 8,

HzS is a stronger reducing agent than SOa.

4 C
For protons, charge 1
mass
angle of deflection = k charge
mass
+15 = k(1)
k=15

For particle Y which Is deflected by an angte of
+5°9,

charge _, 5 _ 1

mass 15 3

Predim 2020 H1 Chemistry Paper 1 Answers

5 ¢€

From tha graph, X has T valance elactrons, is In
group 17 whils Y has 5 valence elactrons, is in
group 15.

XisClandYis P.

A Corect. Phosphorus: 132 282 2p° 3s2 3p°.

B Correct. The ions of X and Y are X~ and Y*
respactively. X~ 1s? 2s* 2p° 3s? 3p® and
Y 18° 282 2p® 392 3pt
X-and Y* are isoslectronic. X has a larger
nuclear charge than Y* as X- has more
protons than ¥*. The outermost electrons
are mare attracted to the nucleus of X-.

C NOT comect. Cl is more electronegative
than P,

D Correct Y*: 15? 25? 2p® 382 3p? and X: 1s?
2s? 2p% 3s? 3p5. One of the p orbital In Y*Is

nat occupied.

€E B

C~C and C-H bonds are non-poiar.

C=0 bond is polar and there is no

cancellation of dipole moment.

Henee, there is a net dipole moment.

c C=0 and C-Cl bonds are polar.
There is some cancellation of dipole
moment. The overall dipole moment
is smaller than that in option B.

D Both C-Cl bonds are polar and
orientated opposite to one another,
There Is cancellation of dipole
moment. The overafl dipcle moment

w >

Page 2 of 7
8 B
,,jwﬂ
:@V.w....s " }._w ”,_
W ] .\:wa

A: In the liquid sfate, the molecules have
enough enargy to ovarcomse the hydrogen
bonds. Hence, they are able to roll and
slide over one ancther. Thers is no

regular arrangement of the water molecules.

e e e e e e e o] ..ww....ﬂeﬂﬁniw_omﬁa—am wﬁma QNO—J... Ogm—.- are

invoived in forming hydrogen bonds in ice.

C: The structure of ice consists of a giant
lattice of H2O molecules with aach oxygen
atom surround tetrahedrally {109.5°) by four
hydrogen atoms. 2 of these hydrogen
atoms are covalently bonded and the other
2 hydrogen atoms arg attracted via
hydrogen bonding.

D: The open lattice in ice possess many
emply spaces betwsen molecules and
there are less molecules per unit volume in

ive, causing ice to be less dense than water.

p| n| e |chargs | mass nn.“_.wmo
Al1]|2]1 0 3 | deflotion
Bla|a|s] =2 | s :w
cla|s|1] +8 | o +w
p[a|s|a]| + 9 +m

NY.JC 2020 H1 Chemistry 8573 P1 Answsrs  PartnerinLeamning
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Is zaro. 9 D
'z
7 D __.m_p__a +..-_

Lattice energy measures the strength of

+ - lonie bonds.
0 1 NaCl and MgO are ionic compounds, we

Li ﬁ do not measure bond length.

N 2 Mg?*, OF lons have higher charges and
O\ /.O smaller ionic radil than Na* and CI hence

NY.IC 2020 H1 Chemislry 8873 P+ Anawers

MgO has a more exothermic latice snergy
than NaCl.

3 O% has higher charge and smaller ionic
radius than CI, hence Na:0 has a more
axotharmic lattice energy than NaCl.
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20 A

W has graater eloctrical conductivify than Y
(compare electrical conductivity Al > Mg >

Na > 5i > P or S) Ellminate Option C

W has lower first ionisation energy than X.
(compare first ionisation energy P > Si >
Mg > Al > Na) Eliminate Option D

Y has higher melting point than W.
{compare melting point Si > Al > Sa > Na >

Na) Optlons A and B are correct

Z has a greater atomic radius than W.
{Atomic radll decreases across the period,
element Z must be earliest in the period)

22 D
CiaHz403

21 A

1 BC O

Correct. The shape Is trigonal planar with
respect to each of the circled carbons.

23 D
) _m_.n
H—-C—H*
Tm_.ah._ _m_n _.__n
HeG—S—95
Ha Hp He Ha

There are 4 possible ways you can
substitute a hydrogen atom with bromine.
Hydrogens with same chemical
environments are labelled above.

Pralim 2020 H1 Chemistry Papar 1 Answers PageBof 7
Hence the 2 products with highest vield is
3:6(1:2).
24 D 26 C
A is Incorrect as chloropropane will react | Ho q
more slowly with the aqueous silver nitrate
but gave an |nseluble product, AgCl. —_— on
OH
B is incomact carbon-chlorine bond is more CyHy g0,y CHO
L il ]

polar than carbon-iodine bond. However the
rate of hydrolysis s not dependant on the

polarity of the bond.

C Is incorrect as chloropropane reacted
more slowly because the carbon-chlorine
bond is shorter than carbon-odine bond.

" Hemce the carbon-chiorine bond s stronger

and needs more energy to break. Rate of
raaction is slower.

Therefore all the & carbons will lie in the | Monobrominated Number of H that
same plane. product can be substituted
to get the same
2 Corract. Since there are only 3 carbon product
atoms in propane, the three of them will lie _m_
in Eo same plane. H=C~H é
| v Y
| o
:\u rr BB H H H
w« :
v__x-wf__ y u
3 Correct. Benzene is & planar molecule, _.Tn_ul m.l..,,_ui:mt:
having the shape of a hexagon. H - H H
t
. H—~C=H . 2
The Structure of Benzene _m. i w. B
=|n|.m..|lmli_wr=
C=C .q.ﬂug_uanﬁ _.__ H H H
xbond  trigonal planar georetry _m_
—— 3
m,x M, :_._ Br
HorGmm G e G
e T A
£ orbitals - 50° 1o the plung ¢ L, . H
™NYJIC 2020 H1 Chemisiry 8873 P1 Answers
PartnerinLeaming

569

A wil give only one product.
\\//I\\\\\‘

B will give rise to two products that are
structural isomers

NS ] _Hﬂw;

H
The second
product on the right will give rise fo a pair of
cis-frans . isomers, however they are not
taken Iinto account as the question only
asked for structural isomers which oxo_cam
cig trans isomer.

€ and D will both give the only one product
after dehydration.

PR

NYJC 2020 H1 Chemistry 3873 P1 Answers

M(CsH202) = 104.0
M{CsHeO4) = 132.0

A{CeH1202) = 1.00 / 104.0 = 0.008615 mo!
- m{CsHeQu) = 0.000615 x 132021279 ..

27 A

In the reaction with NaBHs, ketons will be
reduced to secondary alcohol and aldehyde
will be reduced to primary alcohol. Alkene
will not be reduced.

28 A

Ethyt propanoate will undergo hydrolysis
with aqueous sodium hydroxide as shown,

\\\l/.o_wd,.m/\

The alcohol produced will be ethanol which
will then react with 2-methylpropanoic acid
to
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2

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

1 In each of these reactions, different chiorine-containing compounds are formed in
a redox reaction.

{a) State the oxidation number of chlarine in each of the chlorine-containing species
for the following equation.

2NaClOz + Clz - 2CI02 + 2NaCl

Specles | Oxidation number | Specles | Oxidation humber
Reactants | NaClO2 Clz

Products | ClO2 NaCl

{2]

NaClOz: +3, ClOz: +4, Clz 0, NaCl: -1
[2] for 4 correct, [1] for 2 correct,

(b) 6.13 g sample of the sali KCIOs was dissolved in water. The solution was
acidified and made up to 100 cm3. A 10 cm® portion of this solution was

completely reduced by 12.5 em3 of 0.200 mol dm™ Hz0z(aq).

{I)  Calculats the final oxidatlon number of chiorine.

613
s+ n(KCIOs) in 100 cm? = 35 1335 5+76.003 = 5-000 X 1072 mol

S
. n{KCIO3) in 10 cm?® = 5.000 x 102 x 7= 5.000 x 10-° mol
. n{Hz0z) = 0.0125 x £.200 = 2.500 x 10~ mol

From data booklet, [O] Hz202 — Oz + 2H* + 2e-

Method 1:
- n(e") lost by H202 = 2 x 2.500 x 10~ = 5.000 x 10~* mol

n(e") lost = n{e’) gained by KCIOz = 5.000 x 10~ mol

5.000x 107
. n{e~) gained by per mol of KCIOs = 5 oo es = 1

Since the initial oxidation number of Gl in ClO3~ = +5 and 1 mole of electrons was
gained

. Final oxidation number of chloring = +5 ~ 1 = +4

H1 Chemistry BBT3/02 NY.IC J2/20 Prelim
PartnerinLaarming
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Method 2:

Initlal oxidation number of Cl In ClOa~= +5
» CF+(5-x)e = CM

¢ n{e")} gained by CIOs~ = 5.000 x 10-3 (5~ x}
n{e") lost by Hz0; = n{e’) gained by ClO3~ = 5.000 x 10~ mol
5.000 x 102 (5~ x) = 5.000 x 102

. —x=1
=4
B points—3 m,3toSpoints —2m, 2 points—1m

(i) Using your answer in (b){l) and the table in (a), deduce the chiorine-
confaining product of this reaction.

S0z 1]

(lify Hence, construct a balanced equation for the reaction between H202 and
acidified ClO3~.

2C10y + 2H" + Ha0z -» 2C102 + 2H20 + O [1]

[Total: 7]
H1 Chemisiry BST3/D2 NYJC J2/20 Prailm [Turn over
Partnarinl.eaming
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6
(lii) Sketch a graph of rate of reaction against [H202] for this reaction.

rate of reaction / mol dm-3 s
F 3

» [Hz02] / mo dm=

[1] for shape and correct x and y axes

{c}  With an aid of a labelled diagram, explain the effect on the rate of the reaction
when the temperature was increased.

3
Numbser of T

particios

Tz

E, Kinetic energy

MW,/H Linsd ragion represents no. of particies with enengy > E.at femperatire T,

g%&&%%ﬂi.&é%éw?&
l temperature T,

[1} for labelled dlagram

= When temperature was increased, the average kinetic energy of the reactants

increased. )
« More reactants will have energy greater than or equals to.the activation energy.
e The frequency of effective collislons increased. Rate constant increased, hence

rate increased.

3 points [2]; 1 — 2 points [1]

H1 Chamistry 8B73/02 NYJC J2/20 Prefim
Partnerinteaming
517

examiners
use oty

3a) (0

7
The boiling points of three chlorides are given in the following table.
compound boiling point / °C
magnesium chloride 1412
aluminium chioride 178
phosphorus pentachloride 166

Explain the differences in the bolling points of the above compounds in
terms of structure and bonding.

MgClz has a glant loni¢ structyre.

More energy is required to overcome the strong lonlc bonds between the
Mg* and C"ions.

Thus, MgClz has the highest boiling point.

Both AICI: and PCls have simple molecular structures.

Less energy is required to overcome the weak instantaneous dipole-
induced dipote férces between molécules. ’

At the boiling point, AICI; exists as a dimer, AlzCls (Mr = 266.7), which has
a larger number of slectrons / larger slectron cloud than PCls (Mr = 208)
and is more polarised.

More energy is required to overcome the stronger Instantaneous dipole-
induced dipole forces between AlzCls molecules than that between PCls
molecules.

Thus, AlzCls has a higher bolling point than PCls.

Structure, bonding, particles for MgClz

Structure, bonding, particies for AlCIs and PCls

Energy required

AICIs dimeriges

larger electron cloud / larger no. of electrons than PCls
Stronger id-id for AlzCls

6 pts —[3]
45 pts ~ [2]
23 pts—[1]

Explain the reaction of magnesium chloride with water, suggesting the pH
of the resulting solution and writing equations, where appropriate.

The resulting pH is 6.5. [1]

Mg?* has reiatively high chargs density and it undergoes glight hydrolysis
is abie to polarise the water moiscules,

(resulting in breakage of O—H bond to form H3O* ion, which is acidic.)
MgClz(s) + 6H20{l) = [Mg(H20)e]?*(aq) + 2CI° (aq)

[Mg(H20)e]* (agq)+ H20(1) Y IMg(Hz0)s(OH)]*(aq)+Hs0*(aq)

Ipts—[2), Zor 1 pts—[1]

Ht Ghemistry 8873/02 NYJC J2/20 Prelim [Turn over
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(a)

10

Coffee Is an acidic beverage as the brewing process releases acids from the
coffee beans. The perceived acidity In coffee drinks is found to comelate to its pH.
The table below shows some of the weak acids that are commaonly found in a
fypical madium roast coffes.

acid structure Ka / mol dm™=2
ethanoic acid CHaCOOH 1.8x 10"
HO COH
o]
s
chlorogenic acld | H° o 4.0 x 104
GH on
OH
A P (Ka1) 7.2 x 104
citric acid oH (Kaz) 1.7 x 10°5
HO™ ™4 (Kas) 4.1 x 10-7
(K1) 4.0 x 104
malic acid HO2CCH2CH(OH)COzH (Kez) 7.8 x 10°8
HO COH
quinic acid 4.0 x 10~*
HO OH
OH

m Explain the meaning of the terms acid and weak acid, in terms of the
Bransted-Lowry theory of acids.

An acid is a proton donot. [1]
, forming less HsO*, [1]

A weak acid s a proton donar that partially ionises

A_,: By considering the Ka values, suggest which acld will contribute the most
ta the acidity in coffee (jgnore the effect of Kaz and Kas). Explain your
answer.

Citric acid. [1]
value is the largest. hence it is the strongest acid. The extent of

H1 Chemistry BET3/02 NY.JC J2/20 Prelim
PartnerinLeaming
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(b)

1
{iii) Malic acid is a diprotic acid.

Write an equation fo represent the second acid dissociation, Kez of malic
acid, and hence write an expression for Kaz.

~Q2C-CH2CH{OH)-CO2H + Hz0 & ~02C-CH2CH(OH)-CO2~ + HaQ* [1}]

[0,CCH,CH{OH)CO,] [H,0"]

= 1
K. {"O,CCH,CH{OH)COH! M
(iv) Suggest a reason why the value of Kaz of malic acid is smaller than its K
value.
It is el statically unfavourable to remove a proton from an anion

than a neutral molecule. [1]
It was found that the acid present in the largest quantity in coffee beans is
chiorogenic acid, CieH1aOs. It Is believed to be the main acld that causes the
coffeé acidity and 1t 15 alsd partly respdnsible for the bftterness in coffas.

HO GO,H

o
HO o #
&M
OH
H

chlorogenic acid

An experiment was conducted to determine the concentration of chlorogenic acld
in the coffee drinks that were brewed by coffee powder of different grind sizes.

The following results was obtained when the coffee powder was brewed for 5 min.

coarse grind fine grind | extra fine grind

{chlorogenic acid] / mg dm™2 700 1060 1180

)] With reference to its structure, suggest a reason why chiorogenic acid cen

dissolve in water when the coffee powder was brewed.
Energy releage from the formation of hydrogen bonds between

chiorogenic acid molecules and water molecules is more than energy
absorbed to overcome hydrogen bonding between chlorogenic acid
molecules and between water molecules. [1]

H1 Chemistry 8873/02 NY.JC 42/20 Prelim [Tum ovar
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14 15

. inic aci b i .
()  Suggest the structure of the ather product obtained together with quinic oxaiars {  Quinic acid can be converted into shikimic acid using a biocatalyst

acid. irmer oy COH

Assume oH does not react in this reaction.

HO OH
OH

OH

shikimic acld

s Suggest a simple chemical test that can check if the conversion is succassful,

HO stating clearly the reagants and conditions, and the expectad observations.

OH Add Brz in CCls to a small sample of the reaction mixture. [1]
OH [1] If conversion Is successful, orange-red Brz decolourises.
If conversion Is not successful, orange-red Brz2 remains. [1}
Draw the product obtained and state the type of reaction when quinic acid reacts e . : : R
with the following reagents.

HO COM
HO OH
OH
quinic ecid
{ij NaOH(aq), room temperature {§i} Ethylamine, DCC
0
HO CO; Na HO z\_._
HO OH HO; OH
OH (1 OH []
Type of reaction: Type of reaction:
acid-base [1] condensation {1}
H1 Chemiatry 8873/02 NY.JG J2/20 Pretim —.n-.ﬂ-.—u over
H1 Chemistry 8873/02 NY.IC 2/20 Prelim
PartnerinLearning 1nm..w=m!._=_.om§_=u

58S

More papers at www.testpapersfree.com




BP-496

88g
Bujuseupauymy

Jaao winyl uAjBIg OZ/ZT FAN ZO/ELES ABIWeUD LH

Wew | - sjujod Z isysew z — sujod ¢

el 'pepp §| |BlolBW BUE USUAA
“TBUS JBUIAOT SLF Ui SpucK] uabaIpAl Liic]
Sanoeow Jejem ey pus UBYOT oq M Al jussesd esem jey) SUBLED
USGMIS] SPUCH UGDOIPAL 8y} 1em s [epelels ay) Usum .
"BUEE8I0 0] BUDH S| gRiAn .

‘poup pue paysem aie Asyf) Joye Buisesin o) auoid eie GEIOAT JO spel SIUqe)
Jayiaym 1oipeud ‘sueyiaunAjod jo Bulpuoq pue sunjoru)s eu) ©) esuslsiel LM

Ly

(@

Ao eent
S, FHLIXD

189
Bujuesupeuped
WiRld GZRT AN ZO/ELE8 ARsjwens (H

[1] eunyeseduws) wool 1
Pdad '(BYzH Jo yeey ‘sAelen N ‘(B)zH lo aumeiadwe)] Wool JouBLjew L} *HEEN
Jo (belrHaeN Jo aimesadwe) Wocl Jeue AIp Ul vHIy] suoijpuod pue sjuabieal

[1] vononpey uopoee yo edA}

zdeg

[L] Do 021 18 POSTH DUOD SS80XE JC D, 0SE 1 SO SUORIPUCD pue sjuebeel
[1] uogeulw|3 uogoee) Jo odky

| doyg

T dejs pue
| do)s Ul penjoAu) SUOIPUDD pue sjuabes. el pue uoloeal Jo adfy ay} ysebbng

jo1p-¢' | -euedoud

HO s AOH = HO o~ 20

z dejs
; joueak|B
HO
HO %, OH ~s—— HO. OH

‘JoseoA|B woy peuuo; §) [0|p-&' j-euedold moy SMOUS Remuyied
sisoyiuks Bumoyoy eyy ‘josedflB Buisn pesjseyjuAs oq ues oip-¢'|-euedoid

10Ip—¢' |1 —eusdoud gjeueAoos)p Auaydip aus|fyjew

R JP S O
\0\ )
& N

Y
]

‘|oIp-£ L -euedaid pue ejeuRAos!p

_thusydip suejALjew ‘s1Bmoucw om] Jo dn epeuw si YoM euBLanAjod e s{ 58104

eueyjemAjod e ajeueAoosip &

-
OI«KIQI!@'ZIJE'Z'%
o}

0

lope

-gdnoJ6 uoqeooipdy aue ;o pue o
-uMOYs Se s| seueyieanAjod uuo) ©) |0jp B Uim 2)BUBAJOSIP B JO UOjOBS) BUL

gy eueLzan AG paulol spun djuebio jo pesodiwed ssewfjod a1e ssueyeiniiod

9l

(e)

More papers at www.testpapersfree.com

€ HO—M—OH + O==0==N—i—N=0=0



BP-497

(=)

18

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

The elements in Group 17 of the Periodic Tabie often form stable compounds
with both metals and non-metals.

When Clz(g) is passed over hot iron, FeCla(s) is formed.

M

(i)

(iti)

The Iron and chlorine in FeCls exist as the Fe** and CI- ions.

State the full slectronic configuration of an iron ion, Fe®, and a chloride
ion, CI-.

Fa* « 152 282 2pb 352 3p8 3d5[1)
Cl-: 152 252 2p® 382 3pt{1]

Use the Data Booklet to state and compare the values of the atornic and
fonic radii of chlorine.

Explain why they differ.

For chiorine, the fonic radius (0.181 nm) is larger than the atomic radium
(0.099 nmy). {1]

Anlons are bigger than thelr respective atoms because of the extra

repulsion of the added electron(s). Since the nuclear charge remains the

same, the outermost electrons are now less attracted to the nucleus. [1]

Ioimé_.. when lz(g) is passed over hot iron, the following reaction occurs.
Fe(s) + l2{g) —» Fala(s)

State what you would cbserve during the reaction between Fe and la.
Explain why Felz(s) is formed rather than Fela(s).

Purple gas disappears / decolourises [1]
lodine Is not a strong enough oxjdising agent compared to Clz [1]
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HOF is the only known molecule that contains only the elements hydrogen,
oxygen and fluorine.

HOF is an unstable compound and decomposes to form HF and Oz,

U]

m

(i)

HOF(1) —» HF(g) + % Oz(g) AHy =-139 k! mot’

Draw a ‘dot-and-cross' diagram to represent the bonding in a molecule of
HOF.

xx.o

HXO ¥ F$

Using values from the Dala Bookiet, calculate the enthalpy change of the
reaction, % _._n@ + % Fz(g) - _.__AE

LG5 ,..‘.:_o_L _.__ comact final ans

Using AMHp (Hz0) = ~285.8 kJ mol' and the above given and calculated
values, fill in the boxes in the energy cycle below.

Hence, calculate the enthalpy change of the reaction, AH,.

HOM *Fg)  —t's  HOF() * HF(g)

~285.8 kJ mol-
~139 k) mrol-t

Ha(g) + %0s(g) + Falg) ————— 2HF{g) + %0:(g)
~285 x.2 k. mot

nonmo»msm_ answer :_ allow mﬂﬂ rordil)
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{lii The C-C bond angle in ethens changes when the polymer is formed.
State and explain how the C-C bond angle differs between a molecule of
ethene and the polymer.
120" to 109.5° [1)

due to the change from a trigonal planar carbon (or carbon with 3 bond
pairs and 0 lone pair) to a tetrahedral carbon (or carbon with 4 bond pairs

and 0 lone pair) [1]

Poly{ethene) exists as low density poly(ethene) (LDPE) which has a lot of
side-chains, and high density poly(athene)} (HDPE) in which there are fewer and
shorter side-chains.

(iv)  Explain, with the aid of dlagrams, why the presence of side-chains causes
a difference in density in poly{ethene).

LOPE

Polymer chains are highly branched. They cannot pack fogether ¢
and regulatly or are more iregularly tangled together.

The emply space betwsen polymer chains resulting in weaker
insta dipola-induced di between chaing.

Polymer chains have minimal or no branching. They can pack closely
together, giving a more regular structure with less empty space between
adjacent chains.

[1] for diagram and [1] for packing and IMF
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23
(v)  Suggest ona differance in their physical properties.

LDPE is softer while HDPE is harder [1]
or LDPE Is mora flexible whiie HDPE Is stiffer

(vl) Poly(ethene) bags poliute the environment for a long time because they
are non-biodegradable. Suggest why.

its bonds are non-polar or polythene is non-polar (or there is absence of
olar ester or amide bonds), hence they cannot be broken down by
microorganisms or enzymes. [1]

Over the years, thera has been considerable research info biodegradabie
plastics such as poly{glycolic acid) (PGA). Along with its thermoplastic properties,
PGA has been manufactured into various medical applications. An example is in
surgical sutures which is used to close the edges of a wound and to repalr
damaged tissue. it degrades as a wound heals. The repeat unit for
poly(glycolic acid} (PGA}, is shown below.

LA

n Draw the displayed formula of the monomer for PGA.

H o
| W
Q- Gome G
:\ ! /o
H o
H

[1] for glycolic acid and [1} for showing afl bonds

({li} Suggest the reagent and condition needed to prepare PGA from the
monorner identified in {I) in the school [aboratory.

goncentrated HaS04, heat under refiux for 3 few hours 1]
(iii) Suggest how PGA degrades as the wound in the body heals,

The ester functional group / linkage / bond in PGA undergoss hydrolysis or
reacts with water. [1]

{lv) Suggest why PGA would not be a suitable containers for food.

Acld present in food would hydrolyse PGA. [1]
or Hot contents would soften tha container as PGA Is a thermoplastic.

H1 Chemistry 887/02 NYJC J2/20 Prelim [Turn over
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