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Answer: B

Negatively charged ions attracted to positive plate, positive ions to negative plate. D must be
negatively-charged, while E and F are positively-charged.

Angle of deflection is proportional to charge/mass ratio. Since D and E have roughly the same
angle of deflection but different polarity, D and E must have roughly the same charge/mass ratio.

F has almost double the angle of deflection as E, so the charge/mass ratio of F must be almost
double that of E.

_UN_‘mn_mm N~ 8gG2+ Hicze
charge / mass 1114 2/28=1/14 2M4 =117
Answer: D

The sharp rise between 2" and 3" |.E. shows that there are 2 valence electrons in the outermost
shell. Hence G is in Group 2. The outermost electronic configuration is ns2.

It cannot be in Period 3 because Mg (Group 2 in Period 3) has only 12 electrons, and so cannot have
13 successive |Es.

The next inner quantum shell contains 8 electrons, as seen by the 8 IEs before the next sharp rise.
For a d-block element, the next inner quantum shell should contain 3s, 3p and 3d electrons, which
would be more than 8.

It is not A/ as Al has 3 valence electrons.

[Turn over

3 Answer: D

While alcohols have intermolecular hydrogen bonding between molecules, as the carbon chain
length of an alcohol increases, the boiling point increases as the id-id interactions become stronger
due to the larger and more polarisable electron cioud.

Hydrogen chloride dissociates and releases an H* that forms dative bond, not hydrogen bond, with
water molecules to preduce HzO*.

CH3CHO has a higher boiling point than CH3CH2CH; due to stronger permanent dipole-permanent
dipole attraction between CH;CHO molecuies, and not intermolecular hydrogen bonding.

In ice, each water molecule forms 4 hydrogen bonding with 4 other water molecules. These hydrogen
bonds are relatively long, giving rise to an open structure. In liquid, water molecules aggregate
together via hydrogen bonding. Hence, ice has a lower density than water at 0 °C.

4 Answer: B

Option 2 is non-polar molecule. AICH is trigonal planar in shape and there is no net dipole moment
in the molecule as all the dipole moments cancel out each other.

Option 3 is non-polar molecule. CO; is linear in shape and there is no net dipole moment in the
molecule as ali the dipole moments cancel out each other.

Option 1 and 4 are polar as there is net dipole moment in the molecule.

5 Answer: B

Option A is correct as Al is a metal (solid) that conducts electricity.

Option B is wrong as ALQ; is insoluble in water.

Option C is correct as AZ* has high charge density so it can undergo hydrolysis in water to form an
acidic solution.

Option D is correct as ALOs is amphoteric.

6 Answer: B

Option 1 is correct: The valence orbital gets larger / more diffuse as we go down Group 17, and the
overlap of the orbital with 1s orbital of H gets less effective. Thus, the H~X bond strength decreases.

Option 2 is correct: The thermal stability of HX decreases down Group 17 due to the weaker H-X
bond, which is easier to break.

Option 3 is incorrect: Decomposition of HX involves breaking covalent bond, not intermolecular
forces of attraction which is influenced by electron cloud size.
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13 Answer: B

The distribution curve does not change since temperature is kept constant. However, with a catalyst,

En is lowered.
A
number of A _% !
particles P
m '
: i C¥%
i ! D ,
Ex(cat) Ea i
energy
14 Answer: C
equilibrium 1 CO2+ Hz0 & HCO;5~ + H* Ki
equilibrium 2 HCOs 2 COs* + H* Kz
equilibrium 2 COg% + H* = HCO5~ 1/ K
(reversed)
equilibrium 3 COz + H20 + COs% = 2HCO;- K3 =Ky x(1/ Kp)

(add egm 1 and
eqm 2(reversed))

15 Answer:B
When temperature increases, the system will want to decrease the temperature by favouring the

endothermic reaction to absorb heat. Since backward reaction is endothermic, reaction will shift to
the left. This will result in more reactants than products, hence K, will decrease.

16 Answer: D
HzPO4 + HoO 2 HPO + H30* Ka (of H2PO4™)

Kw = Ka (acid) x Ks (conjugate base)
i.e., 1.00 x 107" = K, (of HoPO4) x K, (of HPO,)

100x107 g,
6.3%x10°% K (H2PO4-)

= Ki (conjugate base of H,PO4~ ) = K, (HPO4>)

©eYuC [Turn over
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Answer: C

PbCh(s) = Pb*(aq) + 2CI(aq) -—- (1)

A | True. K is only dependent on temperature.

B | True.
As more CI" is added, the position of equilibrium (1) will shift to the left, causing the
solubility of PbC/, to decrease. This is known as the common ion effect.

C | False.
At M, the concentration of CI- is not necessarily twice that of Pb?* as CI” is also contributed
by the addition of KCL

D | True.
Pb?"(aq) + 4CI(aq) = [PbCL}*(aq)

When even mote Cl- is added, a soluble complex [PbCLJ* is formed. The formation of this
complex decreases the [Pb?], causing the position of equilibrium (1) to shift to the right.
This increases the solubility of PbCi,.

Answer: A

Not an amine group
NH

HO
‘_O

OH 2° 1°
we

Option 1 is correct. (Refer to diagram)
Option 2 is correct. (Refer to diagram)
Option 3 is incorrect as there's only 1 primary amine group.

Answer: C
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Answer: C

M\ﬁ ~COzH _uQm

CH,0H CH,CI
Only two chlorine atoms can be seen in product.

@\OO»I 2 mof of NaOH

CH,OH CH,OH
Since both RCOOH and phenol group will react, 2 moles of NaOH will be needed.

@\oomz CH,4COC!

CH,OH CH,0
b=o

s
Both alcohol and phenol can undergo condensation with ethanoyl chioride, hence 4 carbons will be
incorporated.

COC!

2
I

CO,Na

: 2
z
o

o]
J -
U3

O\

CO,H

Q

Answer: B

Option 1 is correct. Alkene's electron rich C=C will repel H-.

Option 2 is correct. The electron-deficient C of C=0 attracts the H- to attack the carbon for reaction.
Option 3 is incorrect. While alkenes could have greater steric hindrance (both C can have 2 groups

bonded while C=0 only has maximum 2 groups since there is only 1 C), LiAlHs works by releasing
H™ (very small ion). Thus, steric hindrance cannot explain the observation.

[Turn over

26

©YlC

10

Answer: B

It can react with H2S04(aq) in an acid-base reaction

Incorrect, it will be a hydrolysis reaction.

When heated with NaOH(ag), it will form sodium propanoate

Correct, upon alkaline hydrolysis, RCO,~ will react with Na* to give RCO5™ Na*.

When heated with H.SO4(aq), it will form ethanoic acid

Incorrect, upon acidic hydrolysis, it will form C.HsCO-H, propanoic acid + NH,

It can be formed using propanoic acid and NHas(aq) at room temperature

Incorrect, RCO.H + RNH; — RNH3* RCO;5. It can be formed with propanoyl chloride and
aqueous ammonia.
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2

Answer all the questions in the spaces provided.

1 (a) Compounds A, B and C are shown in order of increasing basicity. Explain this order.

o NH, NH,
NH,

A B Cc

C is most basic as the N is attached to an electron donating alkyl group which increases the
electron density on the N atom and hence increasing the availability of lone pair of electrons
to accept H*.

In compound B, there is delocalisation of lone pair of electrons on N atom into the benzene
ring. Hence this decreases the availability of lone pair of electrons on the N atom to accept H*,
making compound X less basic than C.

A is an amide and is neutral because the lone pair of electrons on the N atom is delocalised
into the electron-withdrawing C=0 group, hence unavailable to accept a H* ion. Hence
compound A is the least basic amongst the three compounds.

[3]

(b) Amides can be found in many drugs such as paracetamol and procainamide. Procainamide can
be used for the treatment of cardiac arrhythmias.

7
ot
|
H,N

procainamide

Predict the products obtained when procainamide undergoes reaction with hot, dilute H;SO..

o]
OH J +
I + Z
. IVZ _.__ /\
HsN and _
2]
oY)
U
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5
Halogenoalkanes can react with NH;~ to produce amines.

A sample that contains only one enantiomer of 2-bromobutane reacts completely with NH,~ to
produce a mixture that does not rotate plane-polarised light.

Draw a mechanism for the reaction between NH.~ and 2-bromobutane. Include all relevant lone
pairs, dipoles, curly arrows and charges.

Nucleophilic substitution, Sy1

ml_ﬂﬁ
+c g slow
OT—@\ / 1H —_—
CH,CH3

{31

[Total: 18]
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6

2 Citric acid, CsHsOy, is a naturally occurring weak organic acid found in citrus fruits. It has a wide range
of applications in the food, cleaning products and healthcare industries.

it is triprotic and has the following structure.

0. OH
o} o}
HO OH
OH
(a) (i) Citric acid is a Brensted-Lowry acid.

Explain what is meant by this statement.

Citric acid is a proton/H* donor. [1]
(i) The dissociation of citric acid in water occurs in three steps.

Using HaA as a simplified representation of citric acid, the first dissociation step is as shown:

H:A + H:O0 = HA- + HsO*

Write the balanced equation for the second dissociation step of citric acid in water.

H:A- +H 0 & HAZT + H;0* [1]
(ili) Identify the two conjugate acid-base pairs in the dissociation step you have written in (a)(ii).

acid H.A- conjugate base HAZ

base H,O conjugate acid H;O*

{1

(iv) Explain why the carboxylic acid group on citric acid is a stronger Brensted-Lowry acid than

the hydroxy! group.

The carboxylate ion is more stable than the alkoxide ion as the negative charge on

the O atom of the carboxylate ion is more effectively delocalised between the two

slectronegative oxygen atoms, |

vy,
v
©Yuc 9729/02/JC2/PE/2025
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(d) Citric acid can be synthesised from glycerol in 5 steps according to the following reaction scheme.
(o)

HCN with
small amount
of KCN

OH

Io/\r\o:

OH

Q/L/\Q

step 1

——

step 2

——

step 3

o}
9 @ step 4 H

HO
OH CN

citric acid
(o)
(i) Step 1is a nucleophilic substitution reaction. Using specific reagents and conditions, only the
primary alcohol groups of glycerol are substituted to produce a chioroalkane.

Suggest why substitution occurs only at the primary alcohol groups.

There is less steric hindrance at the primary alcohol groups which aliows the
nucleophile to approach more easily.

OR

The reactive carbon of a primary alcohol has fewer electron-donating all
and is thus more electron-deficient, so it is more susceptible to nucleophilic attack. 1]

(i)) Draw the mechanism for step 3 of the reaction scheme. Include alf relevant ione pairs, dipoles,
curly arrows and charges.

Nucleophilic addition
KCN —» K* + CN-

&5—

mo
Q/\:/\Q
@C -
o-
OH
c cl

H—C==N i Gl Cl 4+
CN N

Mo

siow
Cl Cl

tCN™
CN 18]
eYnC
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(i) Draw the structure of the intermediate compound, M, and state the reagents and conditions
for steps 4 and 5.

OH
NC CN
CN

step 4 ethanolic NaCN, heat

step 5 dilute HaSO4, heat

3]

Fully-deprotonated citric acid, CeH4O7*, can form soluble complexes with iron ions. The structure
of one such complex which involves two CsHsO7* as ligands is shown below.

2-

L —

(i)  Determine the oxidation state of iron in this complex. Show how you arrived at your answer.
L.et oxidation state of iron in this complex be +x.
2x + (-8)=-2
2x=6

x =3, i.e., oxidation state is +3 [1]

(i) A solution containing CsHsO7* removes rust by forming a soluble complex with iron ions,
while a solution containing citric acid removes rust via an acid-base reaction.

Suggest a reason why CsHsO+* is preferred over citric acid in removing rust from steel.

Citric acid could further react with steel in an acid-metal reaction whereas the solution

containing CsHeO7* will not further corrode the steel. [1]
[Total: 24117
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(v) Comment on the change in gradient of the graph as it approaches 2.00 x 10~ on the y-axis.

The gradient becomes less steep. A much higher concentration of [Ng] is required for
ionic product to exceed Ks, and let a little AgN: precipitate out, because the
[Ag"]remaining i sotutlon bECOMES increasingly low. 1

Some information about N3~ is provided in Table 3.2.

Table 3.2

shape of N3~ ion linear

N-N-N bond angle 180°

The bond length between nitrogen atoms in different molecules is shown in Table 3.3.

Table 3.3
molecule containing nitrogen-nitrogen bond bond length / nm
Nz 0.110
N3~ 0.116
HaN-NH2 0.145

Fig. 3.2 shows one possible arrangement of valence electrons and bonds in N3~

[:

Fig. 3.2

(i) Nitrogen atoms undergo the same type of hybridisation as carbon atoms.

Using Fig. 3.2 and/or information from Table 3.2, suggest the hybridisation of the central N
atom in Nj~.

Explain your answer.

sp hybridization. There are two n bonds / the shape is linear / there are 2 bond pairs and
0 lone pairs around N / there are only 2 regions of electron density / 2 electron pairs
around N. 2]

(i) Use information from Table 3.3 to explain why Fig. 3.2 does not represent an accurate model
for the bonding in N3~

The figure shows a triple N-N bond and a single N-N bond, which should have
different bond iengths. However, Table 3.3 only gives one N~N bond length, which
suggests that the two N-N bonds have the same length. [1]

9729/02/JC2/PE/2025
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Nz~ is frequently used as a nucleophile in organic reactions because it allows nitrogen to be
introduced into an organic compound.

Fig. 3.3 shows how an acid chioride can be converted into an amine with the use of N3~ as one of
the reagents.

o} A ¢}
I Na | —N2 N
_C_ _C_ R ¢
R Cl R N3 heat o
step 1 step 2
step 3 H,0 / H30°
] |
-co,
N N OH
R~ H R /m\
step 4 [0}
Fig. 3.3
() Suggest the type of reaction in step 3.
Addition (of water) 11

(if) Draw the structure of the acid chioride that will be converted to phenylamine through the
process shown in Fig. 3.3.

o}

ClI

(1]

?
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Table 4.1 provides information on some noble gases.

Table 4.1
He Ne Ar Kr Xe
relative atomic mass 4.0 20.2 39.9 83.8 131.3
atomic radius / nm 0.140 0.160 0.190 0.202 0.216
density / g dm™3 0.179 0.900 1.78 3.71 5.85
first ionisation energy / kJ mol-* 2370 2080 1520 1350 1170
boiling point / °C ~269 -246 -186 -152 -107

()

©YlC

Noble gases were long believed to be totally unreactive but stable compounds of Kr and Xe are
now known, Highly electronegative elements such as fluorine and oxygen form many compounds
with Xe, for example, XeF2, XeFs and XeO.. All of these compounds are simple covalent molecules.

(i) Neisin period 2 and does not form any compound at all. Explain why.

Ne does not have low-lying / energetically-accessible/available vacant orbitals fo
accept more electrons / expand octet. 1]

(ii) Describe the covaient bond in a molecule of XeF..

Electrostatic forces of attraction between shared electrons and the positively-
charged Xe and F nuclei. [1]

(it}) Oraw the ‘dot-and-cross’ diagram for XeOsa.

Use VSEPR theory to predict the shape of and bond angle in XeQa. Explain your answer.

Shape is tetrahedral, bond angle is 109.5°.

There are 4 bond pairs and 0 lone pairs. Based on VSEPR theory, these bond pairs
would space out to minimise repulsion. 3]

(iv) Xe can form XeF2 and XeF4 but Kr can only form KrF..

Use information from Table 4.1 to suggest a reason why Kr does not form a compound with
four fluorine atoms.

The atomic radius of Kr is smaller than that of Xe, so Kr is unabie to accommodate 4
F atoms around it. 1

9729/02/JC2/PE/2025
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The first noble gas compound was synthesised by reacting Xe with PtFs.

PtFs is a strong oxidant that is able to extract an electron from Xe, thus forming Xe*[PtFe]-, which
is an ionic compound.

(i) Explain why the Xe* ion can be described as a radical.

Xe* has an unpaired electron. [1]

(if) Although PtFg is able to extract an electron from Xe, it is unable to do so from He and Ne.
Use information from Table 4.1 to suggest why this is so.

The first ionisation energies of He and Ne are too large, so it is difficult to extract an
electron from them. (1]

He has an unusually low abundance in earth’s atmosphere despite being the mostabundant Group
18 element in the solar system.

Use information from Table 4.1 to suggest a reason for the low abundance of He in earth's
atmosphere.

Density of He is low and it escapes into space from earth’s atmosphere easily. 1
[Total: 16]
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Section A

Answer all the questions in the spaces provided.

Explain, with the aid of a labelled Boltzmann disfribution diagram, the effect on a rate constant of
increasing temperature from T; to T». [3]

When the temperature is increased from T, to Ta, the average kinetic energy of the particles
increases.

As shown from the graph, there is an increase in the fraction of particles with energy equal to
or greater than the activation energy, Ea.

This result in an increase in the frequency of effective collisions, hence the reaction rate
increases.

A higher temperature results in an increase in reaction rate and hence a larger rate constant k.

fraction . .
fraction of particles
of particles T4 : N
(lower temperature) E with E > Ea at high T2
T2 \] fraction of particles
(higher temperature) ? with E > Eaat low Ty
[
1
T
0 Ea energy, E
W
B
?
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{d) But-1-ene can be converted into an ether (-C—0—C-) via the steps shown in Fig. 1.1.

OCH;
m-CPBA \/m_vv NaOCHj
=
N step 1 step 2
OH
epoxide ether
Fig. 11

In step 1, an epoxide functionai group is formed when an O atom adds across the double bond
through reaction with m-CPBA.

In step 2, the epoxide formed reacts with sodium methoxide, a nucleophile, to form an ether

functional group (-C-0-C-).

(i) The resulting mixture of the ether contains equal quantities of fwo isomers. The mixture does
not rotate plane-polarised light.

Draw the three-dimensional structures of these two isomers.

CH,CH;

X
HOWY ™ ~CH,0CH
I\ 2’ 3

CHZOCH,

CH,CH;,

.

oo

H

(2

(i)} Suggest the structure of the ether formed when but-2-ene is subjected to the same reaction

as in Fig. 1.1. 1]
OH
2 4 m-CPBA \»Aﬁ—u\a NaOGCH3; 2 4
/ —_—
A\/u\ step 1 | . step 2 1 s g
OCHjg |,
answer
@YluC 9729/03/JC2/PE/2025 {Turn over
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(iii) A primary amine can also be used as the nucleophile in step 2, but the final product will be a
secondary amine, as shown in Fig. 1.2, instead of an ether.

OH
m-CPBA CH3NH,
c epoxide _—
step 1 step 2 _,__\
H
Fig. 1.2
Suggest the structure of alkene C. 1
OH
m-CPBA o CH3NH, OH
e et
step 1 step 2 7__\
Cc epoxide H
[Total: 17]
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(c) G, a constitutional isomer of F, is a B-keto acid that readily ioses CO, upon heating in a process
known as decarboxylation, as shown in Fig. 2.1. An enol is formed as an intermediate. The enol
undergoes keto-enol tautomerism almost immediately to form the ketone.

H Py o}
o) 0 fl
— A
decarboxylation o o
G enol
OH 0
keto-enol tautomerism \f \:/
enol ketone
Fig. 2.1
Explain what is meant by constitutional isomerism. 1

@YIC

For constitutional isomerism, the isomers have same molecular formula but different
connectivity of atoms.

Compiete the mechanism for decarboxylation on Fig. 2.1 by adding curly arrows. 1]
See bolded biue arrows in Fig. 2.1 above.
Suggest the structure of the B-keto acid that would give 3-phenylbutan-2-one upon heating. [1]

o OH
CO,H
0

OR
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Some ionic radii are listed in the Data Booklet.
State and explain the differences between the ionic radii of Na, Siand P. [3]

P3* has a greater ionic radius than Na* and Si** because:

P?- has higher nuclear charge.
P* has one more electronic shell, thus higher shielding effect and the valence electrons
are further away from nucleus.

As a resuit, there is weaker electrostatic forces of aftraction between the valence electrons
and nucleus.

Na™has a greater ionic radius than Si** because:

Si** has higher nuclear charge but Na* and Si** have the same shielding effect due to the
same number of inner electronic shells. Thus, Si* has higher effective nuclear charge and
the valence electrons are more strongly attracted to the nucleus.

Describe the reactions, if any, of the oxides NazO, SiO; and P4O1o with water. Write an
equation for any reaction and state the pH of the resultant mixtures. [3]

NazO reacts vigorously with water and dissolves to give a colourless solution.
The pH of the resuitant mixture is 13 - 14.
NazO(s) + H0(l) - 2NaOH(aq)

SiO2 does not dissolve in water, and the pH of the resultant mixture is 7.

P401c reacts <603:.w_< with water and dissolves to give a colourless solution.
The pH of the resultant mixture is 1 — 2,
P4Ono(s) + 6H20 (1) — 4H3PO4 (aq)

[Total: 18]
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13

(d) The cobalt(Il) ion, Co?, is another oxidising agent.

(i} With the aid of relevant half equations from the Data Booklet, draw a fully fabelied diagram of
the electrochemical cell set-up used to measure the relative oxidising powers of Cr.0;2- and
Co? under standard conditions, and calculate the £ of the electrochemical cell. 4]

Cr207% + 14H* + Be~ = 2Cr3 + TH,0 E®=+133V
Co? +2e- = Co E® =028V

Y

salt bridge
Ptelectrode Co electrode
cathode | anode

[Cr,0,2] = [Ce] = {H'] = 1.0 moldm? [Co] = 1.0 moldm

EC%n = 1.33 — (-0.28) = +1.61 V
(ii) Wirite the overall equation for when current flows. [1]

Cr207%* + 3Co + 14H* — 3Co?* + 2Cr*" + 7TH,0

(iif) Use your answer to (d)(ii) to calculate the standard Gibbs free energy change, AG®, for this
electrochemical reaction. {1}

AG® = nFE®.q = - 6 x 96500 x 1.61 = —932 kJ mol~’

(iv) Using relevant data from the Data Booklet, deduce how the value of 9. will change when
aqueous ammonia is added to the Co?/Co half-celi. M

When NHs is added, it forms a new equilibrium with a new E° value.
[Co(NH3)s?* + 2e = Co + 6NHs E® = -043V

Since E® is now less positive, the new E€. value will be more positive.

QYlC 9729/03/JC2/PE/2025 [Turn over
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14
(e) [Co(H:0)s]*" is an octahedral complex that is coloured.

Fig. 3.1 shows how the d-orbitals are split in an octahedral environment in the presence of H,O

ligands.
\\ energy gap, AE
d-orbitals of an isolated d-orbitals of Co?* in
Co?" ion [Co(Hz0)]**
Fig. 3.1
(i) Use Fig. 3.1 to outline the origin of colour of [Co(H20)]?*(aq). 2]

The Co* ion has partially filled 3d orbitals. In the presence of H.0 ligands, 3d orbitals
split into two groups with small energy gap (i.e., AE is small). Some of the light energy (or
“energy corresponding to visible light region”) is absorbed to promote an electron from a
3d orbital of lower energy into the unfilled/ partially filled 3d orbital of higher energy. The
colour seen is the complement of the colour absorbed in the visible light region of the
electromagnetic(EM) spectrum.

(ii) Draw separate labelled diagrams for each of the two higher energy d-orbitals in an octahedral
complex. 2
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Group 2 carbonates decompose when heated. Write an equation for the decomposition of the
carbonate ion, COs*". Describe and explain the variation in the thermal stability of Group 2
carbonates. [3]

COs> > COz + 0*
The thermal stabilities of the Group 2 carbonates increase down the group.

This is because going down the group,

¢ While the charge of the cations (+2) remains the same, the size of cation (or ionic radius)
increases.

« This causes the charge density and hence the polarising power of the cations to
decrease.

o As such, the cations are less able to polarise the electron cloud of the carbonate ion
and the C—O covalent bonds within the carbonate ion are weakened to a smaller extent.

Consequently, more energy is required for the decomposition of the Group 2 carbonates.

Using your understanding of the trend in reducing power of Group 2 metals, predict and explain the
standard electrode potential, £2, for the Be?'/Be half-cell. 2]

¢ Down Group 2, E°values become more negative.

* Reducing power of Group 2 elements increases down the group.

+ Beis above Mg.

» Hence the £°(Be?'/Be) should be —1.90V. (any less negative £ value than —2.38V)

When solid beryllium chloride is heated, it breaks down to form ions. The molten beryllium chioride
is then electrolysed using inert electrodes.

(i) Write the equations for the reactions occurring at both electrodes. [11

Cathode: Be?* + 2~ — Be
Anode: 2CI" — Clp + 2e~

(i) A current of 1.50 A was passed through the cell for 20 minutes and the electrodes were
removed, washed, dried and weighed. It was found that the cathode had increased in mass.

Calculate the expected increase in mass of the cathode. 3]

Q=1.5%20%x60=1800C

1800
96500

1800 C of charge will deposit = 0.018653 mol of electrons.

Mass of Be deposited = 0.5 x 0.018653 x 9 = 0.0839 g of the metal

9729/03/JC2/PE/2025 [Turn over
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In the presence of BeCly, the following intramolecular Friedel-Crafts alkylation happens.

Cl
WOONN
+ HCI

The reaction occurs in several steps.

Step 1:  The alkyl chioride side chain and BeC/; react to form a carbocation.
Step 2:  The benzene ring is attacked by the carbocation.

Step 3: A proton is lost from the benzene ring to restore aromaticity, forming the final
cyclised arene, HC/ and BeCl,.

(i) Write an equation for step 1. {1

Step 1:

cl
BeCl, +

PO ——

+ [BeCly]

(i) Suggest the mechanism for step 2 and step 3. Use curly arrows to show the movement of
electrons. {2

H

Step 3:

H

(iii} Suggest which of the steps you have drawn in (f)(ii) is the slowest step. Explain your
reasoning. (11

Step 2 is slowest as it involves the disruption of aromaticity, which is energetically
unfavourable.

(iv) BeClk; has two roles during this reaction. State and describe the roles of BeCl during the
reaction. {2}
BeClz is a Lewis acid. It can accept a lone pair of electrons from chlorine.

BeCl: is a catalyst. It participates in the reaction and is regenerated.

oY)
[Total: 20]0
3
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(i} Explain what is meant by reversible reaction. [1]

A reaction that can proceed in both forward and backward directions, and does not go to
completion — a state of dynamic equilibrium is achieved.

(i) Write the expression for the equilibrium constant, K, for the equilibrium in Fig. 5.3, stating its

units. ]
K. = {acetal][water] or K. = [CH3CH2C(OCH3)2CHa){H20]
* " [butanone][methanol}? °" [CHsCH2COCHs}{CHsOHJ
units: mol~* dm?
(iii) Use the information provided to calculate a value for Kc. [3]
OIuOI~OOOIuA_V+NOImOIA_v.II- CH3iCH2C(OCHa)2CHa(l) + H20(f)
Initial conc / mol
0.100 0.100 0 0
dm?
Change in conc —-0.0200 —2(0.0200) = +0.0200 +0.0200
/ mol dm™ -0.0400
Eqm cone / mol 0.0800 0.0600 0.0200 0.0200
dm-3
_ [0.0200][0.0200] _ s
Ke=10.0800]0.0600]2  |+33 Mol dm

(iv) A Dean-Stark apparatus is a plece of laboratory glassware used in organic synthesis to
remove water produced in an organic reaction.

Suggest why the use of a Dean-Stark apparatus improves the yield of acetal formation.  [1]
The use of a Dean-Stark apparatus removes H20. Thus, the concentration of H>O decreases.

The position of equifibrium wilt shift to the right to produce more H:O and acetal,
increasing yield.
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(v) Sketch two labelled graphs, on the same axes, to show how [acetal] changes over time with
and without a catalyst for the equilibrium. Explain your answer. [2)

A catalyst will speed up both the forward and backward reactions by the same extent.

It has no effect on position of equilibrium but it will enable the equilibrium state to be
reached more quickly (shown on graph).

[acetal] with catalyst

without catalyst

— time

catalyst without
catalyst

(vi) Suggest structures for the ketone and the alcohol that will give the following acetal.

O\I/O

(21

(vil) Suggest the structure of compound L in the synthesis below.

CH30H Ha(g), Ni H,O
L
H* heat H*
o 1
o}
[Total: N?
o
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