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step1:  Z2Th + In > %BTh

Law of conservation of mass, addition of one
neutron increase nucleon number by 1, does
not change the number of protons, element
remains as Thorium.

Steps 2&3: %3Th — — 233U
Decomposition of Q to uranium-233 does not
involve addition of any new particles. Since
two steps are involved, each should involve
the decomposition of a neutron to a proton.
o lp+ e
Therefore for each step, the proton number
increase by 1, nucleon number remains the

same.
Hence: Z3Th — %5iPa — 23U

Neutron number of 233Pa = 233 - 91 = 142

3 B

Solid Ga exist as covalent Gaz dimers,
Ga-Ga molecules. There are weak
instantaneous dipoles — induced dipoles
aftractions between the dimers which
account for the low melting point. No strong
covalent bonds need to be broken when Ga
melts. Hence B is used to explain the low
melting point of Ga but C is not.

Liquid Ga can be considered as having
strong metallic bonding with high boiling
point due to the number of delocalised
valence electrons present. Hence A is used
to explain the boiling point of Ga.
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Bicycle tyres are generally engineered to
work even at 0°C and below. (You can cycle
in winterl)

5 B

Using PTX =nR, we can see the gradient of a

plot of pV against T gives nR.

For gas D, nR = 498.6/600 = 0.831. Amount
of gas D is 0.831/8.31 = 0.1 mol.

Since gradient for gas E is roughly double,
amount of gas E is 0.2 mol.

From calculations of amount,

34.02 g of SiCls and 12.82 g of SO2 both
gives 0.2 mol. 3.100 g of P and 0.2000 g of
Hz both gives 0.1 mol. Hence C and D are
wrong.

E is a gas at 300 K. Hence 0.2 mol of SOz
(gas at rtp) is more likely fo be gas E than
0.2 mol of SiCls (liquid at rtp).

NB: 0.2 mol of SOz has a pV < 498.6 due to
negative deviation from ideal gas behaviour.
Presence of significant instantaneous dipole
— induced dipole attractions cause real
gases to exert a smaller pressure than
expected.

2 C

Comparing 3" IEs,
Cd?*: [Kr} 4d'°
Rb2*: [Ar] 3d10 452 4p5
Sr2+: [Ar] 3d"0 452 4pf or [Kr]
Xe?*: [Kr] 4d'° 552 5p#
Across each period, IEs increase. The
species with the noble gas configuration has
the highest IE. Therefore 3 IE of Rb < 3 |E
of Sr
Down the group, IEs decrease. Hence, for
ions with noble gas configurations, we'd
expect the trend:

[Kr] < [Xe]
where [Xe] is [Kr] 4d'0 552 5p¢, for 3" IE, a
2+ ion with this configuration is Ba?*.
Hence Cd?* < Ba?* and Xe?* < Ba?*,
Since Ba?* < Sr?*, Sr?* has the highest 3 IE.
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4 D

First, assume volume of the tyre is a
constant at its maximum as long as internal
pressure exceeds external pressure. i.e. the
tyre will expand to its full volume and
remains at its full volume when pintemal >
Pexternal.

Simplifying pV=nRT gives %ﬁ = TLDQ_L::gg:g:

- Tluggage
pluggage" Pseatevel Teea ievel

B (273 +2)

Pluggage™ 6.8 x (273 +30)

Pluggage™ 6.17 bar
In the luggage hold,
difference in pressure =6.17 — 0.47 = 5.7 bar
Hence, within the maximum aliowed
difference of 6 bar. Tyre will neither deflate
nor burst.

A is wrong. When temperature decrease
from 30°C to 2°, pressure will also decrease
as pressure is proportional to temperature.

6 A

Als correct. 1 mol of CO2(g) is formed from
1 mol of C(graphite) which is a solid at
standard conditions and ! 02 gas.

B is wrong. AHreut is for 1 mol of water
formed between the reaction of an acid and
an alkali.

C is wrong. The equation given is for AHlhyd,
enthalpy of hydration.

D is wrong. The equation given is for 15t EA
+ 2 EA of sulfur.

8 D

A cannot prove order wrt CN-. As rxn
proceeds, [CN-] remains relatively constant
as it is in huge excess. To deduce order wrt
to CN". we look at how rate changes as [CN7]
changes. Since [CN"] does not change, any
change in rate is not due to CN".

B is the opposite of A. It would allow us to
determine order wrt CN-. However, the
graph of [(1-bromoethyl)benzene] is plotted
instead. We cannot determine order wrt CN-
when the rate appears to be zero.

C is wrong. When the same concentrations
of [CN] and [(1-bromoethyl)benzene] are
used, the decrease in concentrations must
follow the same shape i.e. since we know the
graph of [(1-bromoethyl)benzene] against
time follows 1%t order kinetics with constant
half-lives, the graph of [CN] against time
must follow the same overall first order
kinetics with constant half-lives.

D is therefore the correct answer. Another
way to understand why the shape of the
graph of [CN”] against tme will show
constant half-ives is to recognise the
mechanism as Sn1. In the slow step, [(1-
bromoethyl)benzene] decreases following
first order kinetics. Any carbocation formed
immediately reacts with CN~ in the fast step.
Hence the decrease in [CN-} will mirror the
decrease in [{1-bromoethyl)benzene].

7 D
AG} | AS]
SO4(l) + HO() — HaSO4aq) - +
Chy(g) + 2I"(aq) — Ix(aq) + 2CI"(aq) - -
MgCOs(s) — MgO(s) + COxAg) + +
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9 B

The operating conditions of Haber process is
500 °C and 60 atm in the presence of Fe
catalyst. A mid-high temperature is used to
increase rate of reaction.. Very high
temperatures shift POE to the left, favouring
backward endothermic reaction to absorb
heat energy and resuilting in poor yield. Low
temperatures cause the equilibrium to be
established too slowly. A relatively high
pressure of 60 atm is used to shift POE to
the right to reduce total amount of gas
particles. 500 atm is too high resuiting in the
need for very thick steel containers and high
costs.

.6~d9
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10 C

pKw = pH + pOH

A: pH=1.[H30*=0.1 mol dm™3.
[HCI} = 0.1 mol dm™

B: pH = 1. [H30*]=0.1 mol dm™3.
[HCI] = 0.1 mol dm™2

C: pH=13.pOH=135-13=05
[NaOH] = 10°° = 0.316

D: pH=13.pOH=145-13=15
[NaOH] = 107° = 0.0316

Hence, C has the highest concentration of

ions.

1 C
First, calculate the pKa values.
Ka pKa
A 6.3 x 10 22
B 2.0x 10 4.7
c 6.3x10° 7.2
D 2.0x10™ 9.7

To determine Kaz, use the H~H equation.
RN
PR =Pha™ 91,P0,]
At maximum buffer capacity, [HPO4#7] =
[HzPO47], pH = pKaz. Hence, we need to find
the point in the graph where [HPO4?] =
[H2PO47).

10 4.,

cs

Fraction of species

From graph, when [HPO4?"] = [H2PO47], pH
~7.2.

12 D
CH3sCOCO2H + OH™ — CHsCOCO2™ + H20
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At equivalence point, a weakly alkaline
solution where pH > 7 is formed. Hence
answer is D.

13 A

Chiral Piane of
Carbons Symmetry

Br. CH
1 ¢ 3 Yes No

3

L

All three molecules rotate plane-polarised
light as all does not have a plane of
symmetry.

c—=C=C No No

14 B

A is correct. This can be seen from step 2.
The monomers, CHz=CHz, are added
together to form  the  polymer,
{CHa)sC-0O—(CH2CH2)nCH2CHz*, using free
radicals (CHs)sC-O-.

B is wrong. The formation of free radical in
step 1 involves homolytic fission where the
two electrons of the O-0 bond goes back to
each O atom, (CH3)sC-0O-.

C is correct. in a propagation step, a free
radical, (CHs)sC-0O- reacts with a molecule,
CH2=CHa to form a free radical intermediate,
(CH3)sC-O-CH2CHze, which can further
propagate the reaction.

D is correct. Two free radicals combine
together, destroying both radicals so that
both can no longer propagate the reaction.
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Type of reaction

OH

reduction

o
B electrophilic
addition
o
c A m m oxidation
OH OH

free radical
substitution

15 B

pulegone

16 D

1 is wrong. The benzene carbons have a
bond order of 1.5.

2 is wrong. The central carbon is sp?
hybridised. It is not planar.

3 is correct.

benzene

Both C1 and N are sp hybridised. Lobes in
white overlaps. Lobes in black does not.

17 A
A — 0 L LI . oH
NaCN, ethanal, heat 1
k 2-methylpropancic acd
F o e —— o — OH
,0,0y(aa) N
Q20 (D G —
16H0)
18 C
Factor | Explanation Favours
. Bulky groups block the .
Steric approach of nucleophiles Primary RX
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Protic solvents with —OH
Sol groups stabilise ionic .
mM<m=~ reactants; hence mm_n_oam :i.?o&
ect | increasing activation groups
energy
Less energy required to
Ww%._ break C-1 bonds than C- | 1 r22cts faster
Cl bonds an K-
Therefore the reactivity

Reactant Steric Solvent Bond

A /_\/~ 1° v -OH cl v
B J\/g 1 v =o.u\o: ccl

c | Nty |

e

D | ~~"al1° vV -OH c-cl

19 C

A has 0 degree of unsaturation. Cannot be
alkene.

B has 1 degree of unsat which is a carbonyl
compound. Cannot have alkene.

C has 2 degree of unsat. One is a carbonyl,
hence the other must be the alkene.

D has 4 degree of unsat, therefore benzene
ring is present as a phenol. Cannot have
alkene.

20 D
[+ "o H
nucleophiic addiion o
H o+ HN —_— N
oH H
on OH
condensation ﬂ%‘.

H ellmination HO
X, -
Ho + N N
H H
oM 'OH
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+

L

Since overall charge is +1, Fe has a charge
of +4.

Fe is [Ar] 3d® 4s?, hence,

Fe** has electronic configuration [Ar] 3d*
Hence both students J and K are correct.

NYJC 2022 H2 Chem 9729 Pt Answer
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(c)

3

(ii) Complete the sketch on page 2 to predict the boiling point of HF. Explain your answer.

HF has hydrogen bonding between molecules. Hydrogen bonding is stronger than id-
id hence more energy required to overcome hydrogen bonding. HF has the highest
boiling point. [1]

Zinc nitrate decomposes at 300 °C whereas barium nitrate decomposes at 600 °C.

A 20.0 g sample containing a mixture of zinc nitrate and barium nitrate was heated at 350 °C
until no further change occurred. A brown gas and another gas that relights glowing splint
were evolved. The remaining white solid weighed 11.3 g.

(i) Draw the dot-and-cross diagram for zinc nitrate.
N + x% |
HOH oL

N: N xsu.o:o. “sa

Balanced charges — 1 mark; correctly drawn nitrate ion — 1 mark
{21

(i) Use data from the Data Booklet, explain why zinc nitrate decomposes at a much
lower temperature than barium nitrate.

lonic radius of Zn2*(0.074 nm) is much smailler than Ba?*(0.135 nm)

« Both have same ionic charge +2 hence charge density (thus olarisin
power) of Zn?* is higher.

« Electron cloud of NOs-is polarised to larger extent in Zn{NOa)s.

e« N-O bond is weakened to larger extent.

e Hence Zn(NO3); has a lower thermal stability/greater ease of thermal

decomposition and thermal decomposition temperature is lower.

Se: 3 marks: 4e: 2 marks; 2-3e : 1 mark

For
Examiner's
Use

[Turn Over

H2 Chemistry 97258/02 NYJC J2/22 PX

(iif)

)

4
reerrrre e bae s re s rereeeeetesesesnnenransensenne [3)
Write an equation for the reaction that occurred when the sample is heated at 350 °C.
Zn(NOz)z— ZnO +2NO2 + Y202[1] oo M

Will not accept if it is Ba(NOs)z as barium nitrate will not decompose ma. 350 °C.
Calculate the percentage composition by mass of zinc nitrate in the sample.

Let mass of barium nitrate = x g
mass of zinc nitrate = (20.0 - x) g
mass of zinc oxide = (11.3-x) g
amount of ZnO = amount of Zn(NOs)2
113-x 20.0-x

654+16.0 65.4+2(14.0)+6(16.0)

11.3-x _20.0-x
814 189.4
2140.22 — 189.4x = 1628 — 81.4x
108x = 512.22
s X=4.742

o mass of Zn(NOs), = 20.0 - 4.742 = 15.257 g

16.267

200 x 100% = 76.28% = 76.3%

e % bymass =

4e: 2 marks; 2,3 : 1 mark

[2]

[Total: 15]

H2 Chemistry 8729/02 NY.JC J2/22 PX [Turn Over

For
Examiner's
Use
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7
Ksp of CaCz204 = [Ca?*][C204%] = (0.010) [C2042] = 2.34 x 107°
minimum concentration of C2042- needed for the precipitation of Ca®*
- 2.34x10°®
0.010
=2.34 x 107 [1]
Ksp of Ce2(C204)a = [Ce¥T{C2042 ] = (0.01 0)2[C204*} = 6.60 x 103
minimurn concentration of the oxalate ion, C204%- needed for the precipitation
of Ce®*
. 6.60x10™
(0.010)
=1.88 x 1079 [1]
2
Using your answers in (b){ii) and data from Table 2.1, calculate the pH of solution A
that is required to precipitate the maximum amount of Ce*.
To prevent Ca?* from precipitating as CaC20s, the solution must contain
enough H* to give a maximum [C204>7] of 2.34 x 10~ mol dm=3. 1]
Using the equilibrium constant for the dissociation of oxalic acid from Table
2.1, we can then calculate the required [H*]in solution A.
10°% = [H*FIC,0.T - [H1(2.34x107)
[HO,CCO,H] 1.0
[H*] = 6.095 [1]
pH = —g(6.095) = — 0.785 [1], ecf allowed
{3]
[Total: 10]

For
Examiner’s
Use
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(a)

ﬂ W-Wﬂ:-}
The ideal gas law treats the molecules of a gas as point particles with perfectly elastic *
collisions. However, many gas molecules do not follow the ideal gas law. Instead of the ideal
gas equation, Johannes D. van der Waals suggested a modification to take into account
molecular size and molecular interactions. The equation is usually referred to as the van der
Waals' equation and it is shown as follows:
N,V
—Pi—-b)=RT
[p+a(z ) 1(—-b)
Constants a and b are called van der Waals' constants. They have positive values and
are characteristic of the individual gas. If a gas behaves ideally, both a and b are zero, and
the van der Waals’ equation approaches the ideal gas equation pV = nRT.
Constant a provides a correction for the intermolecular forces. Constant b adjusts for
the volume occuplied by the gas particles and is a correction for finite molecular size and its
value is the volume of one mole of the atoms or molecules.
The van der Waals’ constants of some gases are shown in Table 3.1.
Table 3.1
Gas a (dm® atmmoi?) | b (dm® mol™)
N2 1.37 0.0387
NHa 4.17 0.0371
NoHs 8.46 0.0462
In an experiment, 34 g of NHa occupies a 7 dm? bottle at 77 °C.
)] Calculate the pressure of NHs in this bottle, in atm, using the ideal gas equation.
34 x 8.31 x (77 + 273
p= k.\.o M vuw,ﬁ kPa = 8.20 atm [1]
7 x 10°
(1
(i) Calculate a value of the ideal gas constant, R, with units dm?® atm K- mol! at s.t.p.
1 bar = 0.9869 atm
R = 09869 x 227 _ 1 45506 = 0.0821 dm? atm K-' mot-! [1]
1 % 273
(1
H2 Chemistry 9729/02 NYJC J2/22 PX [Turn Over
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Using the data in Table 4.1 and data from the Data Booklet, draw a Born-Haber cycle
to calculate a value for the third electron affinity of nitrogen. Show your working clearly.

For
Examiner's
Use

The last stage in the process involves reacting lithium nitride with water. A solution containing
ammonia and lithium hydroxide is produced.

equation 4

The ammonia produced can be removed by heating the solution. Evaporation of the
remaining water gives solid fithium hydroxide, which can be recycled in the electrolytic cell.

(iv)

The standard Gibbs free energy changes of formation, AG#, of several compounds are listed
in Table 4.2.

12

Examiner's

LiN(s) + 3H,0(l) — 3LIOH(aq) + NHs(g)

The following equation represents the overall equation for electrochemical lithium
cycling process.

N+ __ H: 0 — __ O+ NH3

Complete the balancing of the above equation. Show your working clearly.

(2) x 3: BHOR ——BLi + 5 0z + 3H,0
(3) 6T N; > 24BN
(4) X 2: 2LisNF 6H,0 —> 6LIOH + 2NH,
Overall equation: Nz + 3H,0 — 302+ 2NH; [1]
i1

Table 4.1
value / kJ mol!
sum of 1%t and 2" electron affinity of N +680
lattice energy of LisN —4830
enthalpy change of sublimation of Li: +161
Li(s) — Li(g)
enthalpy change of reaction for the following _330
reaction: 6Li(s) + N2(g) — 2LisN(s)
energy / kJ mol™
Ar
3Li*(g) + N*(g)
3(+519) + (+680) + 3" EA of N
3Li(g) + N(9)
»
3(+161) + ¥2(+944) LE(LiaN)
0 3Li(s) + ¥aN2(g)
-330/2 = -165
v LiaN(s)

All 4 correct levels —[2]; 2,3 correct levels points — 1]

165 = 3(+161) +14(+944) + 3(+519) + (+680) + 3¢ EA of N + (—4830)

3 EA of N = +1473 = +1470 kJ mol™ [1]

H2 Chemistry 9729/02 NYJC J2/22 PX

(3]

[Turn Over

\J)

(vi)

Table 4.2
compound AG# [ kJ mol™!
LIOH(s) 439
LisN(s) 137
H20(1) 237
NHa(g) -17

Using your equation in a(iv), calculate the standard Gibbs free energy change, AG®,
when 2 mol of ammonia are produced.

AGP= AGP(products) — AG(reactants)
AG#Pfor elements = 0
AG® for the production of 2 mot NHz = —17(2) — (~237)(3) = +677 kJ mol™ [1]

M

Calculate the standard Gibbs free energy change, AG®, for the Haber-Bosch process
shown in equation 1. By considering the stability of the reactants and products,
explain why this value is different from that calculated in a{v).

AG® for equation 1 = ~17(2) = ~34 kJ mot™ [1]

H2 Chemistry 9729/02 NYJC J2/22 PX [Turn Over
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A m For
e
Basic nucleophiles such as hydride ions, H- can also be used for the
ring-opening of epoxides. Sn2 mechanism usually predominates with these reagents.
(ii) Draw the structural formula of the major product formed when 1,2-epoxypropane
reacts with LiAlH,.
AV i
LiAIH,
- CH;—C——H
H,C O/ Irulowv 3 _
CHj
CHj
(]
(i)  Compound Y can be formed via a four-step synthesis with epoxide X as the starting
material. Draw the structures of the reaction intermediates and state the reagents and
conditions for each step.
A
\ H(OH o] CH
HC——CHy CH(OH)CHg ﬂo\ 3
LiAiH, step 2
H,0"
Epoxide X
CgH,,0
k step 3
HO—C(CH4)COOH n_uIw
step 4 HO—C—CN
-—
Compound Y
step 2: KoCr207(aq), H2S04(ag), heat under reflux [1]
step 3: HCN, traces amount of NaCN, 10 - 20 °C[1]
step 4: dilute HSO4, heat under refiux M
(iv) Asmaliamountofa sweet-smelling side product, CisHzOs, is formed in step 4.
Draw the structure of this side product.
0
L g
7Y
n._.w/ O\ 0
CHal| M
o]
[Total: 24]
H2 Chemistry 9729/02 NYJC J2/22 PX [Turn Over

5(a)

a O Mx-mu“.o\n
(i) Complete the electronic configurations for copper atom and its copper(II) ion. *
Cu 182 2522p®3s523p®3d'%s’ .......
Cu?* 1522s22p%3s23p83d%.....oovviiciiinecee 1]
(i) The copper used for electrical wiring must be very pure. An impure copper bar
containing silver and zinc impurities is purified by electrolysis. Describe the electrode
reactions that take place and explain in detail how each of the two impurity metals is
removed.
impure copper _ pure copper
anode
\ CuSO4aq)
e
. _
Reaction at anode: Cu — Cu?* + 2e and Zn— Zn** + 2e
Reaction at cathode: Cu? + 2e — Cu
[1] - equations
o Since E(Zn?/2Zn)is more negative than E(Cu?/Cu), Zn will aiso be oxidised at
anode to form Zn?* and migrate to the cathode.
o Zn2*will not be reduced at the cathode since E(Zn®*/Zn) is more negative than
E(Cu?*/Cu) (or E(Cu?*/Cu) is more positive than E(Zn?*/Zn))
o Since E(Ag'/Ag) is more positive than E(Zn?*/Zn), Ag (and any other less reactive
metals e.g. Au) will not be oxidised.
o Ag drops off the electrode as the copper around dissolves, and fall to the bottom of
the electrolytic tank to form anode sludge.
4 points; 2 marks; 2 — 3 points: 1 mark
e teteeetebesessreesesstsesirsesessesibsereieeseinatsiasiariesesartessaenesareneesiats [3}
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A phenoxide ion is formed which is soluble in aqueous solution as it is able to form
extensive ion-dipole interaction with water molecules (energy released in forming lon-
dipole interaction between phenoxide ion and water molecules is sufficient to
overcome the ionic bonds between Na* and phenoxide ion) hence a colourless
solution is formed after reaction. If an alcohol was present, no reaction occurred and
the expected observation is two immiscible layers as the alcohol is bonded to a non-
polar bulky benzene ring (present as C:H = 1:1) and forms predominantly id-id
interactions.

{21

Deduce the moiecular formula of the white solid formed in reaction 2.

Reaction 2 involves the ES bromination of phenol to form either a di- or tri-substituted
product.

Assuming di-substitution, Mr = 7(12.0) + 5.0 + 16.0 + 35.5 + 2(79.9)
= 300.3

Assuming tri-substitution, Mr = 7(12.0) + 4.0 + 16.0 + 35.5 + 3(79.9)
=379.2

Molecular formula of the organic product: C7HsOCIBrs. [1]

M

Explain clearly how the formation of this compound shows that compound W is an
aromatic compound rather than an aliphatic compound.

Consider the change in molecular formulae of W (C7H70Cl) — C7H«QCIBrs,

There is a loss of 3 H atoms and they are replaced b 3 Br atoms. This shows that
substitution must have occurred. Aliphatic alkenes will undergo addition reaction and
there is no alkyl sidechain in W for the substitution of 3 H atoms, since the side chain
is a -CHzCl group. 1]

W must be an aromatic compound to undergo electro hilic substitution reactions
o To prevent the ring of delocalised electrons from breaking OR
« To prevent the loss of aromatic stability. (either pt 1mk)

Which other reaction confirms that W is aromatic? Explain your answer.

reaction 3;
side-chain oxidation occurs when the carbon containing side-chain is attached to an

aromatic ring. [1]

SRR ()

For
Examiner's
Use AOV

0]

(i)
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You now have enough information to determine the structural formula of W.

Draw the fully displayed structure of W.

M

o}

! H
O_\
€l (no other structures possibie)

Correct side-chain, displayed structure {1]
{21

Explain clearly why you have placed each of the two functional groups in their
particular positions.

Based on the answer in (c)(i), tri-substitution of benzene occurs because -OHis a

strong electron-donating group. It increases electron-density in the benzene ring. It
activates the ring towards electrophilic substitution. Hence Br will be substituted onto
the benzene ring at the 2,4 and 6 position. As such the substituent group ~CH,Cl must
be in the 3" positi

The chiorine atom must be in the aliphatic side-chain and not attached to the benzene
ring because W undergoes nucleophilic substit tion (reaction 1).

if chiorine atom is attached directly to the benzene ring, the p orbital of Cl will overlap
with the = orbital of benzene ring causing the lone pair of electron on Cl atom to be
delocalized into the benzene ring, strengthening the C-C! bond, and W will not be
able to undergo reaction 1. [1]

eevereeenereeesssrssnnsensen [2]

[Total:12}

Examiner's
Use
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(i)

Applying Hess’ Law,
AHy = —3867 ~2(286) — (-4163) = —276 kJ mol™

1 mark for the energy level diagram (balanced equations, correct arrow direction,
arrows labelled correctly) and 1 mark for calculating AH correctly

Suggest which isomer, hexa-1,3-diene or hexa-1,5-diene, is more stable using data
in Table 1.2. Explain your answer by considering the type of orbitals present in the
carbon atoms of the isomer. 2]

Hexa-1,3-diene is more stable as its enthalpy change of hydrogenation is the least

exothermic. [1]

Carbons 1 to 4 are sp? hybridised, hence the unhybrisided p orbitals from carbons 1
to 4 are adjacent to each other and can overlap to form a delocalised x electron cioud,
giving rise to resonarice stability.

Hence hexa-1,3-diene more stable. [1 for the underlined key phrases]

Choose a suitable isomer of hexadiene from Table 1.1 and devise a three-step

synthetic route to synthesise buta-1 ,3-diene. 5]
CH.
\/\/\ HaC \/\ 2
step 1 step 3
OH

OH

step 1 KMnOs(aq), H2504(aq), heat under reflux
step 2 | LiAIH4 in dry ether
step3 | excess conc. H2S0a, 170 °C or Al,O3, 350 °C

1 mark for correct choice of suitable hexadiene

2 marks for drawing the intermediates (2 of them) correctly

2 marks for stating the R&C correctly; need minimum of 2 correct R&C for 1 mark
Allow for ECF for R&C

[Turn Over
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4

When buta-1,3-diene undergoes electrophilic addition reaction with 1 mo! of HBr, a mixture
of two products, A and B is formed. Both A and B have molecular formula of CsH7Br.

\ 8
\/\ + HBr /
B
A exhibits cis-trans isomerism while B contains a chiral centre.
(0] Draw the structures of A and B. [2]
A B
H,C
NN /OI»
Br \ CHj :u
Br 1]
(i) By referring to your structure in (b)(ii), explain how cis-trans isomerism arises in A.

2

Cis-trans isomerism arises in A due to the presence of restricted rotation about the
C=C double bond [1] and that each C in the C=C is bonded to 2 different groups of
atoms [1].

Kinetic and thermodynamic factors decide the type of addition product that is obtained. A is
known as the kinetic product as it is formed faster while B is known as the thermodynamic
product as it is formed more slowly and is also more thermodynamically stable than the
kinetic product.

(i)

in a single set of axis, sketch and label two reaction pathway diagrams for the second
step of the mechanism to form A and B respectively. The carbocation intermediates
used to form A and B occupy the same energy level. Use Ea1 and Eq to label the
activation energies and AH and AH; to label the enthalpy changes to form A and B

respectively. [2]
-1 .
m:wai kJ mol The kinetic product shid have a smaller Eq and
1 a less exothermic AH and vice versa for the
thermodynamic product.

1 mark for each reaction pathway diagram;
total is 2 marks

carbocation
intermediate /

»

» reaction pathway
[Turn Over
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7
(d) Coumarin, CsHsOa, is a colourless crystalline solid with a sweet odour resembiling the scent
of vanilla. it is formed when compound T, CeH7OsBr is treated with triphenyl phosphine
followed by a strong base.
Both coumarin and T are neutral.
When heated with aqueous sulfuric acid, T gives U, C7HsO2 and V, C2H302Br.
U reacts with 2 moles of aqueous bromine to give a white ppt and forms a silver mirror with
Tollens' reagent.
Both T and U do not rotate plane-polarised light.
Both U and V “pop” with a lighted splint when treated with Na metal.
Deduce the structures of compounds T, U, V and coumarin, explaining the observations
described. 71
T undergoes intramolecular wittig reaction to give coumarin (not a marking point)
« Both coumarin and T contain ester functional group as they are neutral.
The ester functional group in T undergoes hydrolysis when heated with aq. H2S0a.
« U contains a phenol functional group which reacts with 2 mo! of Bra(aq) via electrophilic
substitution reaction.
« One substituent occupies the 2™ or 4" position relative to the henol functional group as
U only reacts with 2 mol of Bra(ag).
« U contains an (aromatic) aldehyde functional group which undergoes oxidation reaction
with Tollens’ reagent.
« Both T and U do not have chiral carbon to rotate plane-polarised light.
 The phenol functional group in U and the carboxylic acid functional group In V undergoes
reduction reaction when treated with Na metal to form Ha(q).
6 bullets — 3 marks, 4-5 bullets — 2 marks, 2-3 bullets — 1 mark
OR
marking observations type of explanations
point reaction
1 Both coumarin and T | NA Both coumarin and T contain ester
are neutral functional group
When hneated with | hydrolysis ester functionat group in T
aqueous sulfuric acid,
T gives U, C+HsOz and
V, C.H30:Br.
2and 3 U reacts with Z moles | electrophilic | U contains a phenol functional group
of aqueous bromine to | substitution | One substituent occupies the 2™ or 4%
give a white ppt position relative to the phenol functional
group as U only reacts with 2 mol of
Bra(aqg).
4 and forms a silver | oxidation U contains an (aromatic) aldehyde
mirror with Tollens’
reagent.
Both T and U do not | NA Both T and U do not have chiral carbon
rotate plane-polarised
light.
Both U and V “pop” | reduction The phenol functional group in U and the
with a lighted splint carboxylic _acid_functional group in V

H2 Chemistry 9728/03 NY.JC J2/22 PX [Turn Over

8
when treated with Na produces effervescence of Hp(g) when
metal. treated with Na metal.
—0
1. P(Ph), AN
Q -
2. strong base
0 o~ o
Br
compound T coumarin
O
o
Br
OH HO
U v

Each correct structure is awarded 1 mark.

[Total: 25}
H2 Chemistry 8728/03 NYJC J2/22 PX [Turn Over

More papers at www.testpapersfree.com



BP-~115

J9AQ winj]

Xd 222 Or AN £0/62.6 Ausiusud zH

3ew | sjutod g isyjew g :syuiod ¢
“SUIpUAd Uy} 858q JBBUOHS € S| suippadig o

“sH Uim Buipuoq sAgep 1o} STTEIEAE SI0W a8 SUOLIB0 JO Jred auoj

auy) souay ‘Pey AIBT §59] a.e suosoe]s o Jred 8Uoj 8y} eousH ‘(,ds) suipuAd
10 jey} vey JSORTRYD-S J1oMO] € SEU BUpHadid Ul N JO |20 PUGAY ey e
‘posIpUgAy (ds e

aulpusdid

N

I
H

[2] “aulplAd pue suipuadid jo Ayoiseq sAgejel
3y} ujejdxe ‘sousy “supuadid uj woe usbonu Jo uonesipugAy jo edA) sy} o)elg

siews |
‘8j00Ad ueyy sseq Jsbuoss yonw e aupuAid
SeqeLW SILL ", H YIM puog sAep wio) o} sjqejiee si auiptaAd uo Jied suojay) e
S|noajow auy jo sUB(d 8l ] Jejrojpusdiad “WalsAs onewose sy} jo yed jou st i
0s ‘|ejiqi0 pasipughy .ds e seidnaso auipukd Ul SUOKOTIS JOo Jied Buo| Y] e
Jo
yew |
“aulppAd ueyy eseq Jexeam yonw e sjouAd sexew
SIUL "H Uim puog eapep uuoy o} Ajjigelieae sy Buisessosp ‘Bun pajaqwew
-9A4 8y} Jo swoje 8y Jo |fe uo pasiedolsp st ejonAd uo sed suo; )
“(weysAs anewote sy} jo ped Bupjew)
‘leyiqso d pasipugAyun ay) sadnooo ojousAd ul suosjose Jo ned suoj syl e

uoneool aied auo] sy} Bupnjou sfeNqIo sy jo Buliaqey 108000 ~ yew |
1enguo d + uoesIpugAy ,ds jo Bumelp 198100 — Hew |

woje | uo Jed suo| sujejucy \v&

0}

()]

J9A0 wanj) Xd 2272r OFAN €0/62.6 Aisjwaug gH

[€]
"sapise. woje usBionu uo suosjasle Jo Jfed suo) By} Yolym [exqIo ay) Alyusp “sjouAd
u) woje usBoxyiu Uo sjeNgIo By} f|e sjeqsn|y o weibelp psjjeqe] B meip Aew noA

"aulpliAd uey) sseq Jayeem e s| ajouAd Aym ulejdxs ‘pasipuqAy ,ds ae sulpuAd pue

SjouAd uy swoje usBouju ay) pue opewore ale sulpuAd pue ajouAd Yioq Jey; usalg ()]
aupuid ajouid
@ \
H

'saulpuAd pue ‘sejouAd ‘sie)se ‘spioe oyAxoques ‘seuo}oy ‘sepAyepe
apnjouy esay | “ewose pansoied 8y o} PaINGUILCD Jey) SpUNoduwiod Sfe|oA g — 02 Ajuo ase
818U} ‘JoA3IMOH 98400 Ul punoj spunoduios S|IRI0A 0001 UBY) S10W ale 819y} ‘Buyseol oy

“Je1liq S)se) sjseol sjuep AleA sy snyy AousBuulse pue sseureniq sejeald pioe

JUIND "pide Jlayed pue pioe ojuinb o} sesodwiossp Aipess ploe ouabosolyo ‘Buyseos Buning (q)
[1] “pioe o1eye0 Joy surewwa. L0202y 8BueIO 8jlym pioe afuInb 104 usslb suIny L0715y ebuei()
(8] 1eay ‘(bepOs?H ‘(be)ioug?y g 1se)
10
[1] ‘pioe ojuinb 10} suewa
uopn|os mojjeA Jo uopeinojos sidind ou sjiym pioe aj8Yed 10} PaAasqo uoeinojoo aiding
(L] 5084 legneu izyse)
10
[1] -pioe oinb a0y surews)
(be)ug ebueio sjiym pioe ojayeo Jo) Pauuoj 1dd eyym pue sesunojosap (be)eg ebueig
Ll (beyag :| 180}
[z) ‘punodwon yaea 10} aAISSO PINOM
noA jeym ejejg ‘pioe ofeyes pue poe sunb ysinBupsip o) 3s8) jeojwsyo ojdws aquosaq (e)
poe auaboiojyo pIoe ol9)eo pioe olunb
HO
HO HO zm
H HO ~_ .wOH
O°H + Ho AN ° WM OH .
HO = +
o ",
P ° Hood' ‘oM
HOOJ OH
‘pioe olayed
Pue pioe ofunb woy pauioy Jejse ue s) } “pioe SjusBololyd ueuod sueaq 99§00 usalID) z

6

More papers at www.testpapersfree.com




BP~116

(c)

11

Caffeine is a natural stimutant found in coffee and tea. It is soluble in water.

Q CH,

IwO/Z Z\
S

0 7__ N

CH,
caffeine (M = 194.0)

(i) Draw a labelled diagram to show how a water molecule can be attached to a caffeine
molecule. [2]

CHs

o]
/
HiC \cwmz
N
Wi

°© H

Yo+ b
cHy %

hydrogen bonding

or
1 x H20, lone pair on N or O atom of caffeine, dipoles on H atom and N or O atom
Correct N atom (the rest cannot cos of delocalisation) or O atom for hydrogen bond.

(i) Draw the structural formula of the organic products when caffeine is heated with
aqueous sodium hydroxide. 31

CHsNH2{1],

(2l
(iiiy  Decaffeinated coffee and tea are made by extracting the caffeine from solid coffee or
tea using a solvent.

Suggest a reason, which of the following industrial solvents would be most suitable.

{1
o benzene

e cyclohexane
o liquid carbon dioxide

e Liquid carbon dioxide
« Non-toxic (hydrocarbon is toxic and benzene is carcinogenic) or

H2 Chemistry 9729/03 NYJC J2/22 PX [Turn Over

{v)

12

« CO. can be easily removed from the extracted caffeine (and re-used for
further extraction)

s 2 points: 1 mark

Caffeine can also be added to cola drinks. A can of cola contains 50 mg of extracted
caffeine in a volume of 330 cm3. Calculate the concentration of caffeine in mol dm=.

12]
-3
n(caffeine) in 330 cm® = 2219 =2 577 x 10 mol [1]
194.0
L . oL 51000 _ 4
n{caffeine) in 1000 cm? or 1 dm3 = 2.577x10 x 330 7.810% 10

+[caffeine] = 7.81 x 10~* mol dm~ [1]

Or
1000

330
=7.810 x 10~ mol

m(caffeine) in 1000 cm® or 1 dm® = x50x107 =0.1515 g [1]

0.1515

194.0
. [caffeine] = 7.81 x 10 mol dm™® [1]

n(caffeine) in 1 dm®=

[Total: 15}
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A sample of iron(III) nitrate solution is added to a solution of hydrogen peroxide. It was found
that upon mixing of the chemicals, vigorous effervescence was observed. The yeliow iron(III)
solution turned brown upon mixing and after a while, the colour of the mixture turned yellow
again.

(i) The solution of iron(Ill) was found to give a dark orange colour with universal
indicator. Explain this observation with the use of a relevant equation. 2]

[Fe(H20)** + H.0 = [Fe(Hz20)sOH)*" + HsO*[1]

The small size and high charge Fe® ion polarises the electron cioud of one of the six
water molecules, causing the O-H to weaken and breaks more readily. HzO" ion is
released, which caused the solution to be acidic, giving the orange colour of the
universal indicator. [1]

(i) A possible mechanism for the iron(111) catalysed decomposition of hydrogen peroxide,
is provided below. In this mechanism, the HO; ligand on one of the complex ions
represents the H-0-0" ion and the O represents an oxygen atom.

step1 [Fe(Hz0)*(aq) + H02(aq) ¥ [Fe(H20)s(HOz)**(aq) + HsO"(aq)

Step 2 [Fe(H20)s(HO2)]*(aq) — OH (aq) + [Fe(H20)s0**(aq)

Step 3 [Fe(H20)s01**(aq) + H202(aq) — [Fe(H20)s**(aq) + O2(g)

Step 4 H:O*(aq) + OH (ag) — 2H20()

Explain fully how you can teli that the [Fe(H:0)?* ion is acting as a catalyst in this

reaction, using evidence from the observations provided in (c) and the
mechanism. [2]

« The rate of decomposition is increased in the presence of [Fe(Hz0)el** as shown by
the vigorous effervescence.

« The catalyst is reacted in step 1 to give the 2 intermediates and catalyst is
regenerated in step 3.

o This is evident in the colour changes observed. The yellow [Fe(H:0)s]** reacted to
form a brown solution, and yellow is observed again when the catalyst is regenerated.

(i)  The transition metals such as iron tend to have variable oxidation states, whereas
s-block elements such as calcium do not. Suggest an explanation for this
difference. [2]

. Transition elements like iron have 3d and 4s orbitals that are close in energy,

. thus can lose different number of 3d electrons in addition to 4s electrons
when forming stable compounds.

. Hence, they show variable oxidation states [1]

s block elements like Calcium

. readily lose all of their valence electrons to achieve noble gas configuration.

Subsequent removal of electrons will be from an inner quantum shell.

Large amount of energy is required thus not favoured.

Hence their oxidation state is fixed. {1]

H2 Chemistry 9728/03 NYJC J2/22 PX {Turn Over
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(d) The following scheme shows the reactions of iron and its compounds.

A B
Fe(NOs)(aq) —2%s vellow NHs(@d),  Reddish FeChfaq) _ ,  Violet
step| solution dropwise  brown PPt untilreddish brown  COMPI®X
step Il ppt just dissolves then
add compound C
[Fe(CN)sl*(aq) Na,CaEDTA(aq)
D
Reddish purple
solution
()] Identify compounds B and C. [2]
B: Fe(OH)3[1]; C: phenol [1]
(ii) Explain why A and D have different colours. 2]
In the presence of ligands, the d-orbitals in Fe** split into 2 groups with an energy
gap.
The EDTA* and H.0 ligands gives different energy gaps. Hence ener absorbed for
the d-d electron transition is different, different complementary colours corresponding
to the unabsorbed wavelengths are observed.
(li)  Write an ionic equation for the formation of D from A. [1
[Fe(H20)** + EDTA* > [Fe(EDTA]] + 6H:0
(iv)  State the types of reactions that occurred in steps land il. [2}

i: redox; |I: Ligand exchange

[Total: 20)
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1 dm? of a freshly prepared solution of 1.0 mol dm= solution of a-glucose is left to
stand at 298 K. At equilibrium, the solution was found to rotate
plane-polarised light by +9.45 °. Given angle of rotation of plane-polarised light is
directly proportional to concentration of isomer, use information from

Table 4.1 to determine [B-glucose] at equilibrium. [1]
Let concentration of B-glucose at equilibrium be x mol dm™3,
a-glucose B-glucose
Initial conc /mol dm™2 1 0
Egm conc /mol dm™3 1-x X

x mol dm3 B-glucose should rotate p-p.light by x(+3.4).
(1 — x) mo! dm a-glucose should rotate p-p.light by (1-x)(+20.2).
Net rotation of equilibrium mixture = x(+3.4) + (1 — x)(+20.2) = +9.45
34x +20.2~20.2x=9.45
x = 0.6398 mol dm3[1]

Hence calculate the value of the equilibrium constant, K., for the conversion of
a-glucose to B-glucose at 298 K. If you were unable to determine [B-glucose] at
ilibrium, assume the value is 0.60. Note 0.60 is not the correct answer for

]

&
1]

[B-glucose] / [ a-glucose]
0.6398 / (1-0.6398)
1.78 [1] or 1.50 if students use [B-glucose} = 0.80 mol dm?

u

The conversion of a-glucose into B-glucose is catalysed by acids. What will be the
effect on the equilibrium position if the conversion is now carried out in the presence
of dilute sulfuric acid? Explain your answer. [1]

No effect on equilibrium position as catalyst increases rate of both forward and

backward reaction to the same extent / only increases rate at which equilibrium is
established. [1]

H2 Chemistry 9729/03 NYJC J2/22 PX [Turn Over
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{c) Fig. 4.1 shows the mechanism for the conversion of a-giucose into B-glucose.

U]

OH

(o}
H
%o H
OH 2 «
e
a-glucose “linear” intermediate

step II: C-C
bond rotation

OH
0« tep Ml on
IO:O OH step O@
0 €«——— Ho
M HO ‘
OH /),

A
\O..I
B-glucose
Fig. 4.1
Explain, with reference to the Valence Shell Electron Pair Repulsion theory, why the
bond angle around O'increases in step | of the mechanism. [2]

Initially, it was 105 ° as there are 2bp, 2ip around O and it increases to 118/<120°as
there are 2bp, 1lp around O after step 1. [1]

Bond angle increases as there are less electron pairs around O (4—3) hence the 3
remaining electron pairs spread themselves further to minimize repuilsion. [1]

Cannot explain by Ip-lp > Ip-bp as the number of e are different hence first VSEPR
principle is more relevant.
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Hydrogen peroxide acts as an oxidising agent in both acidic and alkaline conditions.

(i)

(i)

Using suitable data from the Dafa Booklet, calculate the Eqcen for the oxidation of
Fe(II) ions by hydrogen peroxide under the two conditions. [2]

Acidic conditions

Fe¥* +e | Fe* +0.77

H202 + 2H* + 28~ [12H20  +1.77

. Evcen = +1.77 = (+0.77) = £1.00 V [1]

Basic conditions

Fe(OH)s + e~ [T Fe(OH)z +OH" -0.56
HOs + H20 + 2~ [] 30H- +0.88

. Ecel = 0.88 — (-0.56) = +1.44 V [1]

Hence, calculate AG1 for the two reactions, and deduce whether the oxidation of
Fe(II) ions by hydrogen peroxide is more feasible under acidic or basic conditions.
Explain your answer.

12

Acidic conditions: AG1 = —nFE- cen = —2(96500)(1.00) = ~193 000 J mol™*
Basic conditions: AGy = —nFE cell = —2(96500)(1.44) = -278 000 J mol™!

The reaction is more feasible under basic conditions as AG is more negative.
Correct units and correct value of both AG [1]- explanation [

[Turn Over
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Osmium, Os, is a hard, brittle, bluish-white transition metal that is found as a trace element
in alloys. Osmium is among the rarest elements in the Earth's crust, making up only 50 parts
per frillion (ppt). Osmium tetroxide, OsOq, is a mild oxidant and oxidises alkenes to give
excellent yields of vicinal diols as shown in Fig. 5.1.

« Osmium tetroxide reacts with alkenes to form an osmate ester,

which then reacts with water to form the vicinal diols in good yields.

« NalO,, sodium periodate is added to regenerate osmium tetroxide, thus permitting the
use of this expensive and toxic reagent in minimum amounts.

— 0 0 —» +H,0s0,
+0s0, step 1 /o\ step2 HO  OH
S
O\ //O

osmate ester

H,0s0, + 10;, —=

p— 0s0, + 10, + H,0

Fig. 5.1

The oxygen atoms add to the same face of the C=C bond. Thus, OsO4 forms vicinal diols
by syn addition.

M

()

(ith)

Using VSEPR (vaience shell electron pair repulsion) theory, state and explain the
bond angles in OsO4 and I03™. [3]

0s0. has 4 bond pairs and 0 lone pairs around the central atom, hence the 4 bond
pairs are arranged in a tetrahedral shape to minimise repulsion, with bond angle of
109°. {1]

105~ has 3 bond pairs and 1 lone pair around the central atom, hence the 3 bond
pairs are arranged in a trigonal pyramidal shape to minimise repulsion, bond angle
is 107° [1]

By VSEPR theory, lone pair - bond pair repulsion in 1Q5=> bond pair — bond pair
repulsion in OsO.. Hence the bond angle in 10s=is smaller. [1]

Explain why OsOs is expected to be very volatile. 1

OsO4has a simple molecular structure and has weak instantaneous dipole-induced
dipole forces between the molecules. [1] Hence it requires less energy to break these
weak forces of attraction, and has a fow boiling point and is very volatile. [1]

Step 1 in Fig. 5.1 is initiated by an electrophilic attack on OsO4 by the alkene.

Write out an equation and draw curly arrows to show how the osmate ester
intermediate is formed if the alkene is 1-methyl-1-cyclooctene. In your answer, use
hash and wedge bonds to show the stereochemistry of the ester intermediate.  [3]
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28

Additional answer space

If you use the following pages to complete the answer to any question, the question number must
be clearly shown.
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(b) ()

When FA 2 is acidified and reacted with zinc powder, VOj5 ions are reduced

stepwise.

Carry out the following tests. Carefully record your observations in Table 1.2.

Test and identify any gases evolved.

Table 1.2

tests

observations

Using a measuring cylinder, transfer
1 cm?® of FA 2 into a boiling tube.

To this same boiling tube, use a
measuring cylinder to add 4 cm?® of
FA 1 and stir the mixture. This is
solution W.

Retain solution W for use in test 2.

¢ colourless solution tums yellow
on acidification
o beaker felt warm

To solution W in the boiling tube, add
a spatula of zinc powder using a metal
spatula. Swirl the mixture gently and
record your observations.

Continue to add more zinc powder
one spatula at a time with swirling,
until about 4 spatulas of zinc powder
is added.

Record all colour changes observed
throughout the initial 10 minutes.

When no further changes are seen, decant |
the reaction mixture into a test-tube.

This is solution X which contains one of the
reduction product of the vanadium ion
originally present in W.

Retain solution X for use in test 3.

3

Pour 1 cm?® of X into a test-tube.

Observe this solution for at least §
minutes.

e Yellow soluton turms green
[mixture of yellow VO:* and blue
<Om+u_

s Green solution turns biue (OR
bluish-green OR greenish blue)
[more VO?* formed]

« Blue solution turns green (OR dark
green) [V** formed]

» Green solution turns purple (OR
violet OR blue) [V** formed]

« boiling tube felt warm

« Effervescence of H. gas which

extinguished lighted splint with a

‘pop’ sound. (not a marking point

as it is not observable

o Solution turns blue-
green/blue/green

161

e 8-9pts-[6]; 6-7 pts—[5]; S pts - [4]; 4 pts — [3]; 3pts —[2]; 2 pts — {11

H2 Chemistry 9729/04 NYJC J2/22 PX —.._.—.:-: over

(i

(i)

(iv)

)

State the ion formed when FA 1 is added to FA 2 in test 1. Write an ionic
equation for this reaction.

ion formed ...

jonic equation............oceeencieeecne

VvOz*
VOsk(aq) + 2H*(aq) - VO2'(aq) + H0(!) [1]

Suggest which ion is responsible for the final colour observed in test 2. Explain
your answer in terms of the E4 values given in Table 1.1.

jon..

explanation.............. [P TTURRTTUPR [USUTT e

* V2
e VO, will first be reduced to VO* by Zn.
Efep = +1.00 ~ (-0.76) = +1.76 V, > 0, hence reaction is feasible

o VO? will then be further reduced by Zn to V.
EPoa1 = +0.34 — (-0.76) = +1.10 V, > 0, hence reaction is feasible

o V3 will also be further reduced by Zn to V.
E®e = ~0.26 - (~0.76) = +0.50 V, > 0, hence reaction is feasible

Hence the ion responsible for the final colour is likely to be V2,

4 pts —[2]; 2 pts - [1]

Suggest an explanation for your observations in test 3.

explanation............... TN e e ereee e anas

aerial oxidation by Oz from V2* to V3 or VO* [1]

When aqueous sodium hydroxide was added dropwise till excess into a
solution containing the complex ion [V(H20)e]**, a brown precipitate is observed.

State the type of reaction and write an equation to explain the observation.

[V(H20)e]** + 30H™ — [V(H20)3(OH)s] + 3H20 [1]

H2 Chemistry 9729/04 NYJC J42/22 PX
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7 8
Experiment 2 Results
8. Fill the second burette with distilled water. The rate of reaction can be calculated as shown:
9. Run 10.00 cm? of FA 3 into another 100 cm?® beaker. 1000
. rate = reaction time
10. Run 10.00 cm? of distilled water into the beaker containing FA 3.
Experiment | Veas/ cm® | Vster / cm® | time /s | rate /s™

11. Using appropriate measuring cylinders, transfer to the beaker: 1 20.00 0.00 17 58.8

¢ 200cmiof FAS 2 10.00 10.00 60 16.7

e 10.0 cm® of FA 6. 3 6.00 14.00 155 6.45

4 14.00 6.00 32 31.3

12. Stir the contents of the beaker using a glass rod. 5 18.00 2.00 20 50.0
13. Use the 10 cm?® measuring cylinder to transfer 10.0 cm® of FA 4 to the « Four (or more) experiments completed AND table with correct headings (Vras, Vwater, time,

beaker. Start the stopwatch during this addition. rate) and units. *Ignore date for this mark

14. Mix the contents in the beaker by thoroughly stirring. to the nearest 0.05 cm®.

15. Stop the stopwatch when the solution first tums blue-black. Record the
time to the nearest second.

*Reject if Veas = 0. Reject if no times recorded.

« Al times recorded to nearest second (minimum of 3 times) AND Vra3 and Vuater recorded

« Three additional experiments with Vea s not less than 6.00 cm?®, not more than 20.00 cm®
and no volume less than 2.00 cm?® close to another volume. *Reject if further additional
experiments carried out. Reject if all 3 additional experiments are between 20 and 10 cm®.

o Vyater chosen so that Vras + Vuater = 20.00cm® for additional experiments carried out.

16. Mmq.mq:_;\ wash out the beaker. Stand it upside down on a paper towel to o Correctly calculates rate for all experiments and answer shown to 3 s.f.. Allow for a
rain. minimum of 3 experiments attempted.
Experiments 3 - 5 5 pts —[3]; 34 pts — [2); 2 pts - [1]

17. Carry out three further experiments to investigate how the reaction time time for Vea s = 10

changes with different volumes of potassium iodide, FA 3. Calculate candidate’s ratio gJ forVeag =20 t02dp.
o 2 marks if ratio is between 3.50 and 4.50
Remember o o 1 mark if ratio is between 3.20 and 4.80
e The ooawima volume of FA 3 and distilled water must always be o O mark if ratio is otherwise
20.00 cm?.

« Do not use a volume of FA 3 that is less than 6.00 cmd.
» You should record all your resuits in a single table.

H2 Chemistry 9729/04 NYJC J2/22 PX
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(e)

(i)

"

Explain, by referring to your graph, how the rate of reaction is affected
by an increase in the concentration of aqueous potassium iodide, FA 3.

Graph: (comment must refer to the shape of the line drawn)

Curve: as concentration / volume of iodide ions increases, rate
increases more / not directly proportional as line is a curve / not a
straight fine [1]

Straight line: rate is proportional to concentration of iodide ions /
proportional as line has a positive gradient [1]

*Reject directly proportional unless the straight line passes within 5
small squares of (0,0).

Reason: plotted points give line of increasing gradient [1]
*This mark is not available if a straight fine was drawn.

Thiosulfate ions can reduce iron(Ill) ions and also react with acid to form sulfur,
sulfur dioxide and water.

®

Write an ionic equation for the reaction between thiosulfate ions and
hydrogen ions in aqueous solution. Include state symbols.

....... [SSOUSTUTUTRTUURNRRTUOTPOOONN & ||
8,032-(aq) + 2H*(ag) 1 S(s) + SO2(aq/g) + H20() [1]

Ancther student investigates the effect of iron(IIl) concentration on the rate of
this reaction at a different temperature. The student carries out another
experiment, Experiment 6, and the rate is compared to that of Experiment 2.
In Experiment 2, the volumes used were:

j reagent volume / cm?®
FA3 10.00
FA4 10.0
FAS 20.0
FA B 10.0
distilled water 10.00

H2 Chemistry 9728/04 NYJC J2/22 PX _.|_.—.=.= over

)

(i)

12

Suggest the volumes the student could use for Experiment 6.

reagent volume / cm®
FA3 10.00
FA4 5.0
FAS 20.0
FA G 10.0
distilled water 15.00

M

e Volumes of FA 3, FA 5 and FA 6 are unchanged.
o Vras+ Ve = 20 cm? *Reject if these volumes are unchanged
from Experiment 2 values.

This student records a time of 178 s for Experiment 2.

The rate of reaction is directly proportional to the concentration of
iron(II) ions.

Suggest how long it would take the reaction mixture proposed for
Experiment 6 in (f)(1) to turn blue-black. Assume that Experiment 6 is
carried out at the same temperature as Experiment 2.

Do not carry out Experiment 6.
o 10 _ 10 _
time = 178 x oo FA4 178 x 50" 356 s 1]
fime = ..o 328 s 1]

*Reject if Vrag + Vuater # 20 cm3.

[Total: 16]
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{c) (i) Sketch the graph you would expect to obtain in run 2.

1l

«—

gradient of tangent = initial rate

volume
of On

_, time
- 1
1l

(if) On the same graph in {c)(i), show how you would obtain the initial rate in
run 2. {1]

(d) Hence, sketch a suitable graph to show that the reaction is first order with respect to
yeast.

rate Ay

_, volume
of yeast

1

Note: When no yeast was added, H20: would still undergo decomposition on its own, albeit a
slow reaction. Hence, rate > 0 when V(yeast) = 0.

rate

» volume
of yeast

M

Note: Would also accept rate = 0 when V(yeast) = 0 if we assume decomposition of H202
without yeast is negligible.

1
[Totat: 10]
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Determination of percentage purity of a sample of contaminated sodium
carbonate

FA 7 is a solution of the contaminated sodium carbonate. You will first dilute FA7
and then titrate the diluted solution using hydrochloric acid.

2HCl(aq) + Na;COs(aq) —» 2NaCl(aq) + H:0()) + COx(g)

FA 7 was prepared by dissolving 125 g of contaminated sodium carbonate, Na;COs,
in distilled water and making the solution up to 1 dmd.

FA 8 is 0.100 mol dm~2 hydrochloric acid, HCI.

methyl orange indicator

{a) Method
Dilution
1. Fill the burette with FA 7.

2. Run between 13.00 and 13.50 cm? of FA 7 into the 250 cm® volumetric
(graduated) flask.
Record the volume in the space below.

13.30

volume of FA7 = ...

3. Fill the volumetric flask to the line with distilled water. Stopper the flask
and shake it to ensure thorough mixing. This flask is FA 9.

Titration

4. Fill the burette with FA 8.

5. Use the pipette to transfer 25.0 cm? of FA 9 into a conical flask.

6. Add 5 — 10 drops of methyl orange indicator.

7. Titrate the mixture in the conical flask until the end-point is reached.
8. Record your titration results in the space provided on page 17.

9. Repeat steps 5 to 8 until consistent resuits are obtained.

H2 Chemistry 9729/04 NYJC J2/22 PX
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Calculate the concentration, in mol dm-3, of sodium carbonate in FA 7.

[NaCOs} in FA 7

0.0534x250 _4 103 ~1.00 mol dm=[1]
13.30

or
n(Na.COs) in 13.30 cm® of FA 7
n(Na,CO;) in 250 cm® of FA 9

1.335 x 102mol

[NaCOs}in FA7

1.335x10% _ ~ i
=—7330 =1.003 =1.00 mol dm
1000
. . _ 1.00 3
concentration of Na2CO3 i FA T = i mol dm=3 [1]

Calculate the percentage purity by mass of sodium carbonate in the
contaminated sample used to prepare solution FAT.
(A C, 12.0; O, 16.0; Na, 23.0)

Percentage purity by mass of Na,COs in the contaminated sample used
to prepare solution FA7

1.003x106.0

%100 =85.11=85.1% {1]
125

or
n(Na;COs) in 1 dm® of FA 7

1000
13.30

= 1.335x107x =1.003 mol

Percentage purity by mass of Na;COs in the contaminated sample used
to prepare solution FA7

1.003x106.0
125

=x100=85.11~85.1%

85.1
percentage purity by mass = ........cceeuenne . % [1]

[Total: 12}
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Qualitative Analysis Notes
[ppt. = precipitate]
(a) Reactions of aqueous cations
reaction with
cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
AP*(aqg) soluble in excess insoluble in excess
ﬂﬂﬂﬂ%? ammonia produced on heating -
barium, no ppt.
Ba*(aq) (if reagents are pure) no ppt.
calcium, white ppt. with high
Ca®(aq) Ca*(aq)] o ppt
cromium, | SIS
Cr*(aq) giving dark green solution insoluble in excess
blue ppt.
copper(II), pale blue ppt. -

Y ; k soluble in excess
Cu*(aq) insoluble in excess giving dark blue solution
iron(IT) green uum. Eq.azm brown on green ppt., turning brown on
Fe?(a .v contact with air contact with air

q insoluble in excess insoluble in excess
iron(I1I), red-brown ppt. red-brown ppt.
Fe**(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg*(aq) insoluble in excess insoluble in excess

off-white ppt., rapidly turning off-white ppt., rapidly turning
ﬁwwﬁzvmmmﬁ; brown on contact with air brown on contact with air
q insoluble in excess insoluble in excess

zinc, white ppt. white ppt.
Zn**(aq) soluble in excess soluble in excess

H2 Chemistry 9729/04 NYJC J2/22 PX
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