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Section A

Answer all questions in this section.

1 This question is about alkene and diene. Diene is an unsaturated compound containing two
double bonds between carbon atoms.

(a) Table 1.1 shows the structures of hexa-1,2-diene, hexa-1,3-diene and hexa-1,5-diene.

Table 1.1
hexa-1,2-diene hexa-1,3-diene hexa-1,5-diene

Table 1.2 shows the enthalpy change of combustion of some organic compounds.

Table 1.2
Substance AHC / k\] mOl_l Athdrogenation / k-J m0|_1

Liguid hexa-1,2-diene -3867 AH;

Liguid hexa-1,3-diene -3816 -225

Liquid hexa-1,5-diene —-3843 -252

Liquid hexane -4163 NA

Hydrogen gas -286 NA
0] Use data in Table 1.2 to draw an energy level diagram to calculate the enthalpy
change of hydrogenation of hexa-1,2-diene, AH;. [2]

Energy / kJ mol™

A
CH2=C=CHCH,CH,CHjs(l) + 2H»(g) + %Oz(g)
AH 19
CeHua(l) + — O2(g)
\ 4 2
3867 —2(286)
-4163
v v_6CO02(g) + 7H20())
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(i)

(iii)

Applying Hess’ Law,
AH; = —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 AH1 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 = electron cloud,
giving rise to resonance 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
NN HZCN 2
step 1 step 3
OH
o step 2 OH
O/ / HO/\/\/
OH

step1 | KMnOas(aq), H.SO4(aq), heat under reflux
step 2 LiAlH4 in dry ether
step 3 excess conc. H,SO4, 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
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(b)
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When buta-1,3-diene undergoes electrophilic addition reaction with 1 mol of HBr, a mixture
of two products, A and B is formed. Both A and B have molecular formula of C4H-Br.

A

N + HBr
B

A exhibits cis-trans isomerism while B contains a chiral centre.

) Draw the structures of A and B. [2]
A B
H;C
NN \CHZ
Br / CH3 [1]
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)  Inasingle 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 Ea.; and Eax to label the
activation energies and AH; and AH: to label the enthalpy changes to form A and B
respectively. [2]

Energy / kJ mol?

A The kinetic product shld have a smaller E; and

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
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(c) The Wittig reaction is an organic chemistry synthesis technique that involves the conversion
of carbonyl compounds into alkenes using an ylide as the reagent and via a nucleophilic
addition pathway.

Ph

R R
Ph. / 0 ~ 1 o
Spt R H
/ \CE/ 1 + H - + /P\
Ph | T g PN Ph”"/ pn
° ‘ Rs R Ph
R2
ylide

where Ph is phenyl and Ri1, Rz, Rz, and R4 is either H atom or alkyl group
Fig 1.1: The Wittig reaction

Ylides can be synthesised from triphenyl phosphine and an alkyl halide. The first step is to
react the triphenyl phosphine and alkyl halide via a nucleophilic substitution reaction. This
step is an elementary reaction. The second step is to add a very strong base such as butyl
lithium, CH3CH.CH>CH_ Li* to deprotonate the intermediate product formed in step 1.

H Ph
Ph \ Ph. /
. stepl _ step 2 ~pt R
Ph7P- + R/C—Br —— intermediate product ——» \CT/ !
I :
Ph R/ Ph |
2
R
triphenyl phosphine ylide

Figure 1.2: Synthesis of ylide

0] Draw the full structural formula of the intermediate product for the reaction shown in
Fig. 1.2 when R; is hydrogen atom and R: is methyl group. [1]
H H
+
H H
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(i) Predict the organic products L and M of the reactions shown in Fig. 1.3. [2]

Br (@]

M - PP
> M

2. CH,CH,CH,CH, Li"
Fig. 1.3
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(d) Coumarin, CgHsOo, is a colourless crystalline solid with a sweet odour resembling the scent
of vanilla. It is formed when compound T, CyH;O3Br 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, C>Hs0-Br.
U reacts with 2 moles of agueous 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. [7]
T undergoes intramolecular wittig reaction to give coumarin (not a marking point)
e Both coumarin and T contain ester functional group as they are neutral.
The ester functional group in T undergoes hydrolysis when heated with aq. H2SO..
e U contains a phenol functional group which reacts with 2 mol of Bro(aq) via electrophilic
substitution reaction.
e One substituent occupies the 2" or 4™ position relative to the phenol functional group as
U only reacts with 2 mol of Bry(aq).
e U contains an (aromatic) aldehyde functional group which undergoes oxidation reaction
with Tollens’ reagent.
e Both T and U do not have chiral carbon to rotate plane-polarised light.
e The phenol functional group in U and the carboxylic acid functional group in V undergoes
reduction reaction when treated with Na metal to form H(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 heated with | hydrolysis ester functional group in T
agueous sulfuric acid,
T gives U, C7HsO2 and
V, C,H3z0.Br.
2and 3 U reacts with 2 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(aq).
4 and forms a silver | oxidation U contains an (aromatic) aldehyde
mirror with Tollens’
reagent.
5 Both T and U do not | NA Both T and U do not have chiral carbon
rotate plane-polarised
light.
6 Both U and V “pop” | reduction The phenol functional group in U and the
with a lighted splint carboxylic _acid functional group in V
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when treated with Na produces effervescence of Hy(g) when
metal. treated with Na metal.
—O
1. P(Ph), I
0] >
2. strong base N
Br
compound T coumarin
o
/\/Br
H
OH ©
U

Each correct structure is awarded 1 mark.

[Total: 25]
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2 Green coffee beans contain chlorogenic acid. It is an ester formed from quinic acid and
caffeic acid.
HO COOH

HO COOH

OH + H,0

OH
quinic acid caffeic acid chlorogenic acid

(a) Describe a simple chemical test to distinguish quinic acid and caffeic acid. State what you
would observe for each compound. [2]

Test 1: Bra(aq) [1]

Orange Brz(aq) decolourises and white ppt formed for caffeic acid while orange Brz(aq)
remains for quinic acid. [1]

Or

Test 2: neutral FeCl; [1]

Purple colouration observed for caffeic acid while no purple colouration or yellow solution
remains for quinic acid. [1]

Or

Test 3: KoCr207(aq), H2SO4(aq), heat [1]

Orange K>Cr,0O7turns green for quinic acid while orange K»Cr,O7 remains for caffeic acid. [1]

(b) During roasting, chlorogenic acid readily decomposes to quinic acid and caffeic acid. Quinic
acid creates bitterness and astringency thus the very dark roasts taste bitter.

After roasting, there are more than 1000 volatile compounds found in coffee. However, there
are only 20 — 30 volatile compounds that contributed to the perceived aroma. These include
aldehydes, ketones, carboxylic acids, esters, pyrroles, and pyridines.

|
pyrrole pyridine
0] Given that both pyrrole and pyridine are aromatic and the nitrogen atoms in pyrrole

and pyridine are sp? hybridised, explain why pyrrole is a weaker base than pyridine.

You may draw a labelled diagram to illustrate all the orbitals on nitrogen atom in
pyrrole. Identify the orbital which the lone pair of electrons on nitrogen atom resides.

[3]

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



(i)

10

<« Contains lone pair on N atom

1 mark — correct drawing of sp? hybridisation + p orbital
1 mark — correct labelling of the orbitals including the lone pair location

e The lone pair of electrons in pyrrole occupies the unhybridised p orbital,
(making it part of the aromatic system).

e The lone pair on pyrrole is delocalised on all of the atoms of the five-
membered ring, decreasing its availability to form dative bond with H*. This
makes pyrrole a much weaker base than pyridine.

1 mark
or

e The lone pair of electrons in pyridine occupies a sp? hybridised orbital, so
it is not part of the aromatic system. perpendicular to the plane of the molecule
e The lone pair on pyridine is available to form dative bond with H*. This makes
pyridine a much stronger base than pyrrole.
1 mark

State the type of hybridisation of nitrogen atom in piperidine. Hence, explain the
relative basicity of piperidine and pyridine. [2]

H

|
N

O

piperidine

e sp? hybridised.

e The hybrid orbital of N in piperidine has a lower s-character than that of
pyridine (sp?), Hence the lone pair of electrons are less tightly held, hence the
lone pair of electrons are more available for dative bonding with H*.

e Piperidine is a stronger base than pyridine.

3 points: 2 marks; 2 points: 1 mark
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(c) Caffeine is a natural stimulant found in coffee and tea. It is soluble in water.

I
HSC\N N
P
0% ITI N
CH,

caffeine (M, = 194.0)

0] Draw a labelled diagram to show how a water molecule can be attached to a caffeine
molecule. [2]
H
5+ /
H—O
\ 6_

hydrogen bonding *

.\.6_
t - e
% HsC N
)\ NS— N~ o+ | >
o o/ PP
CH3 ‘H—0 07 >N N

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. [3]
CHsNH2 [1],
e
N
W
N

[2]
(i)  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]

e benzene
e cyclohexane
e liquid carbon dioxide

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

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



(iv)
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e CO; can be easily removed from the extracted caffeine (and re-used for
further extraction)

e 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 cm?3. Calculate the concentration of caffeine in mol dm=.

[2]

-3
n(caffeine) in 330 cm?3 = % =2.577 x 10 mol [1]

n(caffeine) in 1000 cm3 or 1 dm? = 2.577x10° x% =7.810 x 10

.[caffeine] = 7.81 x 10~ mol dm~— [1]

Or

100(;) x50x107° =0.1515 g [1]

m(caffeine) in 1000 cm® or 1 dm? =

0.1515

94.0
-.[caffeine] = 7.81 x 10~ mol dm~=2 [1]

n(caffeine) in 1 dm?3 = =7.810 x 10~* mol

[Total: 15]
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Hydrogen peroxide decomposes according to the equation below.
2H202(aq) — O2(g) + H20(1)

There are several ways to monitor the decomposition reaction of hydrogen peroxide by a
catalyst.

The decomposition of hydrogen peroxide has been shown to have first order kinetics. It was
found that 10 % of hydrogen peroxide was left after 9 hours.

0] Determine the half-life of hydrogen peroxide. [1]

10 _
100

1ody  n=za2
10 2

1
%)

t,=9/3.32=2.71h [1]
(i) Hence, determine the rate constant, k, of the reaction. [1]

In2

tryp = 2=
1/2 X

k= % = 0.256 h™* [1 mark for correct answer only]

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

(iii)
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Sketch the graph of rate against [H.O5] for the reaction. [1]
inthe
A presence — v °
rate of

enzyme

& saturation

of active
sites

L 4

[H202]

[1] for before active sites are saturated (steeper, linear);
[1] for saturation of active sites (gentler, linear)

This reaction is significantly faster when a particular enzyme is used. On the same
axes, as the graph in b(i), show how the rate of reaction would be affected by the
presence of a very small amount of the enzyme. Label this line clearly as “in the
presence of enzyme”. [2]

Explain the relationship between [H20-] and the rate of the enzyme catalysed reaction.
[2]

At low [H202], the active sites of the enzymes are not fully filled and the rate of the

enzyme catalysed reaction follows first order with respect to H.O», where rate is

directly proportional to [H20] but at a higher rate than the reaction without the enzyme.

[1]

At high [H20:], the active sites of the enzymes are saturated and any increase in

[H20-] will not increase the rate as fast. Hence, the rate will increase with the same
gradient as the uncatalysed reaction but at a higher rate. [1]

H2 Chemistry 9729/03 NYJC J2/22 PX [Turn Over
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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 yellow iron(III)
solution turned brown upon mixing and after a while, the colour of the mixture turned yellow
again.

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

[Fe(H20)6]3+ + H.O = [Fe(H20)50H]2+ + H30" [1]

The small size and high charge Fe*" ion polarises the electron cloud of one of the six
water molecules, causing the O-H to weaken and breaks more readily. HsO" 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(III) catalysed decomposition of hydrogen peroxide,
is provided below. In this mechanism, the HO, ligand on one of the complex ions
represents the H-O-0O~ ion and the O represents an oxygen atom.

Step 1 [Fe(H20)s]*"(aq) + H202(aq) Y [Fe(H20)s(HO2)]**(aq) + HzO*(aq)
Step 2 [Fe(H20)s(HO.)]?*(aq) — OH(aq) + [Fe(H20)sO**(aq)

Step 3 [Fe(H20)s0]*"(aq) + H202(aq) — [Fe(H20)e]**(ad) + O2(9)

Step 4 Hs;O*(aq) + OH(ag) — 2H.0(l)

Explain fully how you can tell that the [Fe(H20)e]** ion is acting as a catalyst in this
reaction, using evidence from the observations provided in (¢) and the
mechanism. [2]

e The rate of decomposition is increased in the presence of [Fe(H.0)s]** as shown by
the vigorous effervescence.

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

e 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.

(iii)  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]
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(d) The following scheme shows the reactions of iron and its compounds.

Fe(NOs)2(aq) ——— Yellow

A B
Clx(g) NHs(aq) : FeCls(aq) Violet
» Reddish >
complex

step| solution dropwise  brownppt  yntil reddish brown

step Il ppt just dissolves then
add compound C

[Fe(CN)g]*(aq) Na,CaEDTA(aq)

v

D

Reddish purple
solution
0] Identify compounds B and C. [2]

(i)

(iii)

(iv)

B: Fe(OH)s[1]; C: phenol [1]
Explain why A and D have different colours. [2]

In the presence of ligands, the d-orbitals in Fe3* split into 2 groups with an energy
gap.

The EDTA* and H.0O ligands gives different energy gaps. Hence energy absorbed for
the d-d electron transition is different, different complementary colours corresponding
to the unabsorbed wavelengths are observed.

Write an ionic equation for the formation of D from A. [1]
[Fe(H20)e]** + EDTA* > [Fe(EDTA]] + 6H20

State the types of reactions that occurred in steps | and . [2]

I: redox; II: Ligand exchange

[Total: 20]
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Glucose comes from the Greek word for “sweet”. It is the simplest carbohydrate with
molecular formula CsH120s and is the major free sugar circulating in the blood of mammals,
serving as the primary source of energy for cell function.

The oxidative breakdown of glucose by our body to produce energy is called respiration. The
reaction for the complete combustion of glucose is

CeH1206(s) + 602(g) —> 6CO2(g) + 6H0())
AHy =-2816 kJ mol™
ASq =+181 J mol? K

0] Write a half-equation to represent the oxidative breakdown of glucose. [1]
CsH1206 + 6H20 — 6CO, + 24H* + 24e [l]

(i) The energy value of food is measured in Calorie. One Calorie is defined as the
amount of heat needed to raise the temperature of 1 kg of water by 1 °C. Use the
given information, together with data from the Data Booklet, to calculate the number
of Calories in 1 g of glucose. [2]

n(glucose) = L = 0.005555 mol
12.0(6) +1.0(12) +16.0(6)
e (produced by 1 g glucose = 2816 x 0.005555 =15.64 kJ
e One Calorie = g needed to raise temperature of 1 kg of water by 1 °C
=(1000) x 4.18 x 1 = 4180 J = This means that 1 Calorie = 4180 J
e Number of calories in 1 g of glucose = 15.64 x 1000 / 4180 = 3.74
Any 2 points [1] x 2

(iii)  Comment on the sign of AS for the combustion of glucose. [1]

AS is positive as there is an increase in number of particles (7 to 12), resulting in
more ways to arrange the particles, giving rise to greater disorder. Hence entropy(S)
increases and AS is positive. [1] OR

AS is positive as reaction is exothermic (AH <0) hence temperature increase during
reaction. There is an increase in Kinetic energy of particles, resulting in more ways
to distribute energy amongst the particles, giving rise to greater disorder. Hence
entropy(S) increases and AS is positive. [1]

Avoid change in state that's more applicable to X (s) — X (g) or special cases where
magnitude of AS is small (see 2019 P3 Q5diii).

(iv) If this combustion reaction could be harnessed as a fuel cell, calculate AGy and hence
the theoretical voltage, E <, that could be produced under standard conditions. [3]

AG = AH\-TAS
= —2816 — (298)(+181)/(1000)
= -2869 = —2870 kJ mol [1]

o
AGy :—nFE cell

n = 24 (As 24e are transferred in overall egn given in a(i) where 1 mol of glucose is
oxidised. Alternatively, if student was unable to solve a(i), they can also simply check
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change in O.S. of oxygen: 2 x 12 e~ is gained when 12 oxygen atoms is reduced
from 0 in 60> to -2 in CO./H0).

Ecel = AG / -NF = (~2869 x 1000) / [ —24(96500) ] = + 1.24 V

e Correct formula and subst F = 96500

e Conversion of kJmol* to Jmol*

e Subst n =24 (ECF ans a(i))

e Ans (ECF ans AG+/ +sign + units (BOD)
Any 2 points [1] x 2

*
Glucose exists in two forms, a-glucose and B-glucose, with the OH group occupying different
spatial arrangement in each form. Some information about the two forms is given in
Table 4.1.

Table 4.1
a-glucose B-glucose
OH OH
0 o)
HO HO *
HO H ""Ho o
OH OH
*OH
Melting point / °C 146 150
Angle of rotation of
plane-polarised light
for a 1 mol dm 202 3.4
sample / °
(i) Suggest a reason for the difference in melting points between a-glucose
and B-glucose. [1]

As a-glucose contains two adjacent OH groups that are in close proximity, they can
form intramolecular hydrogen bonds. Hence less energy is needed to break the less
extensive intermolecular hydrogen bonds, giving rise to a lower melting point. [1]

If a solution of a-glucose is left for some time, it will come into dynamic equilibrium with
B-glucose.
a-glucose = B-glucose

(i) Explain what is meant by dynamic equilibrium. [1]

Dynamic equilibrium is established when rate of forward reaction is equal to rate of
backward reaction and there is no net change in concentrations of reactants and
products. [1]
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(iv)

(v)
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1 dm?® of a freshly prepared solution of 1.0 mol dm=2 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.

a-glucose B-glucose
Initial conc /mol dm= 1 0
Egm conc /mol dm— 1-x X

x mol dm= B-glucose should rotate p-p.light by x(+3.4).
(1 — x) mol 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
3.4x +20.2 - 20.2x = 9.45
X = 0.6398 mol dm= [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
equilibrium, assume the value is 0.60. Note 0.60 is not the correct answer for

(b)(iii). [1]

Ke = [B-glucose] / [ a-glucose]
0.6398 / (1-0.6398)
1.78 [1] or 1.50 if students use [B-glucose] = 0.60 mol dm™

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]
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(c) Fig. 4.1 shows the mechanism for the conversion of a-glucose into 3-glucose.

OH
OH

step | O@
HO X HO H

HO H——> HO I

HO *
OH } » 0
H 0 H @®
a-glucose “linear” intermediate

step Il: C-C
bond rotation

OH
HOHO 0 “OH step I ,
%
B-glucose
Fig. 4.1
0] Explain, with reference to the Valence Shell Electron Pair Repulsion theory, why the

bond angle around O'increases in step | of the mechanism.

Initially, it was 105 ° as there are 2bp, 2Ip around G" and it increases to 118/<120°as

there are 2bp, 1Ip around O after step I. [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 repulsion. [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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(i) Complete Fig. 4.1 to suggest the mechanism for steps | and Ill. Show all relevant lone
pairs and show the movement of electron pairs by using curly arrows. [2]

pelc

“linear” intermediate

1} step II: C-C
bond rotation

OH
O step Il
HO K
HO EAL—
OHH - HO
B-glucose

Step | — 1 Ip, 2 curly arrows

Step lll = 1 Ip, 2 curly arrows

Any 2 correct [1]x2

No partial charges needed. Do not penalise if students indicate.

(i) Suggest the types of reaction taking place in steps | and lll. [2]
Step | — Elimination [1] Step lll — Nucleophilic Addition [1]
(iv) A proton transfer can occur between the charged groups in the “linear” intermediate

to form another stable electrically neutral intermediate. ldentify the new functional
group present in this other intermediate and hence suggest a suitable chemical test

to confirm its presence during the conversion of glucose. [2]
L OH As indicated by the circled H, a proton
Homﬂ - > Ho@t_‘zﬁﬂ (H") can be transferred from the C=0*-H
Ho®'o-® Ho b group to O™ to form an aldehyde and

“linear” intermediate “linear” intermediate aICOhOI (ROH)

An aldehyde functional is formed. [1] Do not accept carbonyl
Test: Add Tollens’ Reagent or Fehling’s Reagent, Warm [1] Accept 2,4-DNPH (ecf)

[Total: 20]
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Table 5.1 lists the pKa values for some weak acids.

0)

(ii)

Table 5.1
Compound pKa
H2S 7.05
H.O; 11.7
H20 14.0

Using the data provided, and given that NaSH is a weak base, calculate the pH of
0.10 mol dm= NaSH solution. [2]

10—14-
10-7.05

=1.122 x 10~/

. KbofNaSH:II((—Wz

[OHT]=vKbc
. [OH]=v1.122 x 10~7 x 0.10 = 1.059 x 10“*mol dm™3

° pH =14 - pOH; pOH =-Ig[OHT]
pH =14 —(—Ig 1.059 x 104 =10.0

[2] for 3 pts

Suggest an explanation for the different pKa, values for H,S, H>O, and H-0. [2]

The S-H bond is longer than O-H bond. Hence there is less effective orbital overlap
between S and H atoms, making the bond weaker. H»S dissociates more readily than
H,0O, and is a stronger acid, with the lowest pKa. [1]

H20-is a stronger acid than H>O as the conjugate base HO,~ is more stable than OH~
. HO;~ has 2 electroronegative O atoms to better accomdodate the negative charge
than OH". Hence H20: has a lower pKathan H20. [1]
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(b) Hydrogen peroxide acts as an oxidising agent in both acidic and alkaline conditions.

0)

(i)

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

Acidic conditions

Fe3* +e [] Fe** +0.77

H202 + 2H* + 2e[[2H20  +1.77

. Ecel = +1.77 — (+0.77) = +1.00 V [1]

Basic conditions

Fe(OH)s + e [] Fe(OH)2 +OH- -0.56
HO2~ + H20 + 2e~ [] 30OH- +0.88

o Evcen =0.88 — (-0.56) = +1.44 V [1]

Hence, calculate AGy for the two reactions, and deduce whether the oxidation of

Fe(Il) ions by hydrogen peroxide is more feasible under acidic or basic conditions.
Explain your answer.

[2]

Acidic conditions: AGy = —nNFE~ cell = —2(96500)(1.00) = -193 000 J mol
Basic conditions: AGy = —nNFE- 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 [1]
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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 trillion (ppt). Osmium tetroxide, OsO4, is a mild oxidant and oxidises alkenes to give
excellent yields of vicinal diols as shown in Fig. 5.1.

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

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

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

75 v
>=< +0s0O, stepl O\O/O step2 HO  OH e
S
7N
osmate ester
H,0sO, + IO, Fp?: 0sO, + IO;” + H,0O
Fig. 5.1

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

0] Using VSEPR (valence shell electron pair repulsion) theory, state and explain the
bond angles in OsO,4 and 105 [3]

0Os04 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]

|03~ 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 103z~ > bond pair — bond pair
repulsion in OsO4. Hence the bond angle in 10s=is smaller. [1]

(i) Explain why OsQ. is expected to be very volatile. [1]

0Os04 has 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 low boiling point and is very volatile. [1]

(i)  Step 1in Fig. 5.1 is initiated by an electrophilic attack on OsO. 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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1 —methyl-1-cyclooctene

[1] for arrows
[1] for correct structure of the ester intermediate
[1] for correct hash and wedge bonds and dipoles

(iv) By considering the structural formulae and reagents shown above, suggest the type
of reaction taking place in step 2 in Fig. 5.1. [1]

Hydrolysis [1]
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When an alkene reacts with osmium tetroxide, stereocenters can form in the diol product.

Cis alkenes give meso products and trans alkenes give racemic mixtures. Meso

compounds contain 2 or more chiral centres, but they are achiral and have a internal plane
of symmetry.

(v) Give the skeletal formulae of the products (including all stereoisomers) of the

following reactions. Indicate the presence of any chiral centres in the products with
an asterisk *.

‘\—\ OSO4
JR— A .
C> OSO4
R .

\ 0sO, \ oH
— > HO HO
*
H

[4]

H;C

o \ PH is wrong since you need to draw skeletal structures
H
CH3
OH wOH
0sO, OH OH
—_— i
or
OH
OH

is wrong as you need to show the syn addition

e 3 correct products [2]; 1 or 2 correct products [1] (accept non skeletal formulae)
e Correct skeletal formulae for all 3 products [1]
e Indicate all chiral centres [1]
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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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