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1 (a) Solutions of Group 2 hydrogencarbonates, M(HCO,),, decompose on heating to give the
corresponding metal carbonate, carbon dioxide and water.

(i) Write an equation for the decomposition of strontium hydrogencarbonate, Sr(HCO,),.

..................................................................................................................................... [1]
(ii) The thermal stability of Group 2 carbonates increases down the group.
Explain this trend.
..................................................................................................................................... [2]
(b) The hydroxides and fluorides of Group 2 elements show similar trends in solubility.
Describe the trend in the solubility of the fluorides of calcium, strontium and barium.
Explain your answer.
least soluble most soluble
L=y (o] F= T =1 1] o
............................................................................................................................................. [4]
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(c) (i) Define enthalpy change of hydration, Athd.

..................................................................................................................................... [1]
(ii) State the main factors that affect the magnitude of enthalpy change of hydration.
Explain your answer.
..................................................................................................................................... [2]
(d) Table 1.1 shows various energy changes.
Table 1.1
energy change value/kJ mol~!
lattice energy of MgF,, —2957
enthalpy change of hydration, AH, g, of Mg2* -1926
enthalpy change of hydration, Athd, of F~ -505
Use data from Table 1.1 to calculate the enthalpy change of solution, AH__,, for MgF ,(s).
It may be helpful to draw a labelled energy cycle. Show your working.
AHg of MGF,(S) = oo kJmol=1[2]
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(e) Mercury(I) fluoride, Hg,F,, is sparingly soluble in water.

The cation in Hg,F, exists as the diatomic ion ng2+ with a covalent Hg—Hg bond.
(i) Write the expression for the solubility product, Ksp, of Hg,F,. Include the units.

Ksp =

(ii) The solubility of Hg,F, is 9.20 x 10~3moldm™3 at 298 K.

Calculate the value of KSp of Hg,F, at 298K.

[Total: 15]
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2 (a) Iron can form stable ions in the +2 and +3 oxidation states.

Explain why transition elements have variable oxidation states.

DFD

6

(b) Aqueous solutions of iron(II) salts contain the complex ion [Fe(H20)6]2+.

Define complex ion.

(c) [Fe(H20)6]2+ can be converted into [Fe(H,0),(OH),].

(i) Suggest a suitable reagent for this conversion. State the type of reaction.

TEAGENT i

type of reaction

(i) [Fe(H,O),(OH),] is a green precipitate that turns brown on standing in air.
Table 2.1 shows electrode potentials for some electrode reactions.
Table 2.1
electrode reaction E®/IV
Fe(H,0);(OH); + H,O0 + e- == Fe(H,0),(OH), + OH- -0.56
O, + 2H,0 + 4e- == 40H" +0.40

| © UCLES 2025

Use the information in Table 2.1 to explain why [Fe(H,0),(OH),] turns brown on standing

in air.

Include an equation for this reaction.

9701/41/0/N/25

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0000800000007 * DFD

T i

(d) The complex [Co(NH, ]2+ reacts with hydrogen peroxide as shown.

reaction 1 2[Co(NH,)gJ2* + H,0, — 2[Co(NH,) 3" + 20H- ES, =+167V

Calculate AG®, in kJmol™, for reaction 1.

AG® = oo, kdmol-' [2]

[Total: 8]
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3 (a) Solid manganese(IV) oxide, MnO,, catalyses the decomposition of hydrogen peroxide.

State the type of catalysis for this reaction. Explain your answer.

2H,0,(aq) — 2H,0(l) + O,(9)

(b) Hydrogen peroxide reacts with iodide ions in acidic conditions as shown.

H,0, + 21~ + 2H* - 2H,0 + L,

The initial rate of this reaction is investigated with different concentrations of H,O,, I~ and H".
The results obtained are shown in Table 3.1.

Table 3.1
experiment [H,0,]/moldm= | [I7]/moldm=3 | [H*]/moldm= | initial rate/moldm=3s~"
1 0.0450 0.0300 0.0125 242 x 1073
2 0.0225 0.0600 0.0125 2.42 x 1073
3 0.0225 0.120 0.0125 4.84 x 103
4 0.0450 0.120 0.0500 9.68 x 1073

(i) Use the information in Table 3.1 to deduce the rate equation for this reaction.

Explain your reasoning.

(ii) Use your rate equation from (b)(i) and the data from Experiment 1 to calculate the rate
constant, k, for this reaction. Include the units of k.

| © UCLES 2025
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(c) The rate of the thermal decomposition of azomethane, CH;N=NCHj, is investigated.
CH;N=NCH; — N, + C,Hq
Fig. 3.1 shows the results obtained. The reaction is first order with respect to CH;N=NCH,.

0.06

0.05

0.04

[CH,;N=NCH,]/moldm™ (o3

0.02

0.01

I~

~—

0
0 50 100 150 200 250 300 350 400

time/s

Fig. 3.1
(i) Use Fig. 3.1 to calculate two half-lives, ti, to show that the reaction is first order.
2

(ii) Use your answer to (c)(i) to calculate the rate constant, k, for the decomposition of
azomethane.

(d) Describe the effect of increasing temperature on the rate constant and on the rate of a
reaction.

[Total: 11]
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4 (a) Define standard cell potential, E&,. Include a description of standard conditions.

(b) The Daniell cell is an electrochemical cell consisting of a Cu?*(aq)/Cu(s) electrode and a
Zn2*(aq)/Zn(s) electrode.

(i) Draw a labelled diagram of this electrochemical cell.

Include all necessary substances and relevant pieces of apparatus needed to measure
the Ege”.

It is not necessary to state the conditions used.

[3]

(ii) State the charge carriers that transfer current through the solutions and through the wire.

(iii)

| © UCLES 2025

the solutions .............coeeeeiiiinn. thewire ... [1]
The standard electrode potential, E®, for the Zn2*(aq)/Zn(s) electrode is —0.76 V.

Water is added to a standard Zn2*(aq)/Zn(s) electrode.

The new concentration of Zn?*(aq) is 0.25moldm3.

Use the Nernst equation to calculate the electrode potential, E, for this new Zn2*(aq)/Zn(s)
electrode.

E (Zn?*(@q)/ZN(S)) = cveeeeeeeeeeeeeeeen, V [2]

@ 9701/41/0/N/25 I
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An electrochemical cell consists of a ZnO/Zn electrode and a MnOZIMnZO3 electrode in an
alkaline electrolyte.

c

o

The standard cell potential, ES,, for this cell is +1.47 V.
The half-equation at each electrode when this cell is discharging is shown.
Zn + 20H™ — ZnO + H,0 + 2e~
2MnO, + H,0 + 2~ —» Mn,0; + 20H"

(i) Use this information to determine the change in oxidation state of manganese when this
cell is discharging.

from ... (o [1]

(ii) Write the equation for the overall reaction that occurs when this cell is discharging.

..................................................................................................................................... [1]
(iii) The E® for the ZnO/Zn electrode is —1.28 V.
Calculate the standard electrode potential, E®, for the MnO,/Mn,0, electrode.
E® (MNO,/MN,04) = i V [1]
[Total: 11]
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5 (a) Copper shows typical properties of transition elements, including its behaviour as a catalyst.

Complete Table 5.1 to show the total number of unpaired electrons in the 3d and 4s orbitals

of an isolated gaseous Cu atom and a Cu?* ion.

Table 5.1
number of unpaired electrons
species
3d 4s
Cu
Cu?*

(b) The 3d orbitals in an isolated Cu?* ion are degenerate.

[1]

Complete the diagram to show the relative energies of the 3d orbitals in an isolated Cu2* ion
and in Cu?* in a tetrahedral complex.

energy

(c) Explain why transition elements behave as catalysts.

A

A

isolated CuZ* ion

Cu?* in a tetrahedral complex

[2]

| © UCLES 2025
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(d) CN-is a monodentate ligand.

.

Table 5.2 shows information about two complex ions that contain only CN~ ions as ligands.

Complete Table 5.2.
Table 5.2
metal ion coordination number | formula of complex ion | charge of complex ion
Ag* 2
Fe?* 4—

[2]

(e) The complex ion [Au(CN),Br,]~ displays geometrical (cis/trans) isomerism.

Draw the structure of trans-[Au(CN),Br,]". State its shape and the Br-Au-Br bond angle.

| © UCLES 2025

Br-Au-Brbond angle = .........ccccevviceeee.
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(f) Animpure sample of a vanadium(V) compound of mass 0.250g is dissolved in aqueous acid.
This solution contains VO,™ ions.

An excess of zinc is added to this solution. All the VOs‘ ions are reduced to V2* ions and Zn
atoms are oxidised to Zn2* ions.

The unreacted zinc is removed and the resulting solution is titrated with acidified MnO,".
The end-point is reached when 22.5cm3 of 0.0750 moldm=3MnO,~ is added.
A redox reaction takes place and all the V2* reacts forming VO,~.
3MnO,~ + 5V?* + 3H,0 — 3Mn?* + 5VO,~ + 6H*
(i) Calculate the percentage by mass of vanadium in the 0.250g of impure sample.
Assume the impurities do not contain any vanadium ions.

Show your working.

percentage of vanadium = ............cccccoiiiinnnn. [3]

(i) Complete the equation for the reaction between acidified VO, ions and Zn metal.

[2]

[Total: 14]
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6 (a) Thin-layer and gas/liquid chromatography can be used to separate mixtures into their

individual components.

(i) Define the following terms used in chromatography.

Rf VAU oo s

(ii) Each type of chromatography makes use of a stationary phase and a mobile phase.

Complete Table 6.1 with a description of each of these.

Table 6.1

stationary phase

mobile phase

thin-layer chromatography

gas/liquid chromatography

(b) A mixture of two substances A and B is analysed by thin-layer chromatography.

The R; value of substance A is larger than that of substance B.

Suggest why substance A has a larger R, value.

[1]

| © UCLES 2025 @
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(¢) The two isomeric compounds Y and Z are analysed by proton (*H) NMR spectroscopy.

Y

Y4

(i) Complete Table 6.2 to predict the number of peaks observed in the proton ("H) NMR

spectra for Y and Z.

Table 6.2

compound

number of peaks observed

Y

Y4

[1]

(i) Name all the different splitting patterns observed in the proton ('H) NMR spectra for Y

and Z.

| © UCLES 2025 %
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7 (a) State the relative acidities of bromoethanoic acid, BrCH,COOH, chloroethanoic acid,
CICH,COOH, ethanoic acid, CH,COOH and ethanol, CH,CH,OH.

Explain your answer.

[4]
(b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO,.
Predict the major carbon-containing product for each of these reactions.
methylbenzene
hot alkaline KMnO,,
ethanedioic acid
O
hot acidified KMnO,,
HO
o
Fig. 7.1
[2]

| © UCLES 2025 % 9701/41/0/N/25 I
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(c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H,N NH,

(i) Draw the repeat unit of polyamide X in the box.

The new functional group formed should be shown displayed.

polyamide X

(2]
(ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.
Complete the equation for this reduction.

[H] represents one atom of hydrogen from a reducing agent.

| © UCLES 2025 @ 9701/41/0/N/25 [Turn over I
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(d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

20

V CgH,N,CL

step 1
H,N NH, ——

OH
step 2

and NaOH(aq)

w C‘18H14N402

Fig. 7.2

(i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2.

(ii) Give the reagents and conditions for step 1.

| © UCLES 2025 @ 9701/41/0/N/25
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8 (a) In the electrophilic substitution of arenes, different substituents can direct to different ring
positions.

(i) Describe the directing effect of the -NO,, group. Explain your answer,

(i) The nitration of arenes uses a mixture of concentrated HNO, and concentrated H,SO,, to

generate the NO,* electrophile.

Write an equation for the formation of the NO,* electrophile.

..................................................................................................................................... [1]
(b) Carbon-carbon bond formation is an important reaction in organic synthesis.
Fig. 8.1 shows the synthesis of compound Q from benzene in two reaction steps.
compound Q
compound P o)
reaction 1 reaction 2
_— > —_— >
Fig. 8.1
(i) Draw the structure of compound P in the box in Fig. 8.1. [1]
(ii) Suggest reagents and conditions for reactions 1 and 2 in Fig. 8.1.
FEACHION 1 o
FEACHION 2 e
[2]

| © UCLES 2025
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(c) Separate samples of C;H;Br and C;H;CH,Br are added to warm AgNO,(aq).

State the expected observations, if any. Explain your answer.
CeHsBrwith AgNO5(aq) e
CgHsCH,Br with AgNO5(aq) o,

EXPIANALION . e e e e e e e aaaeaerara———

(d) Acyl bromides, RCOBE, react readily with H,0O.

The mechanism of this reaction is similar to that of the reaction of H,O with acyl chlorides,
RCOCIL.

(i) Name the mechanism of this reaction.

..................................................................................................................................... 1]
(ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H, 0.
Include all relevant lone pairs of electrons, curly arrows, charges and dipoles.
Draw the structure of the intermediate.
intermediate
I
R/C\B E—— —_— products
r
O
T
Fig. 8.2

[4]

[Total: 13]
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9 (a) Explain why amides are much weaker bases than amines.

(b) Fig. 9.1 shows the preparation of 2-phenylethylamine, C;H;CH,CH,NH,, by three different
routes.

NH,

reaction 1

TN

2-phenylethylamine
M
H,/Ni
-
NH,
N
Fig. 9.1

NH,

(i) Suggest structures for compounds M and N and draw them in the boxes in Fig. 9.1. [2]

(ii) Give the reagents and conditions for reaction 1.

| © UCLES 2025
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(c) Fig. 9.2 shows compound H which is a useful starting material in organic synthesis.

H
o)
Y\N
H
Fig. 9.2
H contains an alkene and an amine functional group.
Name the other functional group and give the classification of the amine group in H.

other functional group in H ...

classification of amine ...

[1]

(d) Ozonolysis involves the oxidative cleavage of a C=C bond in alkenes using ozone, O,, as
shown in Fig. 9.3.

R1 R3 R1 R3
—_— O /&
—_— (@) + (@)
R
R, R, 2 R4
Fig. 9.3

Fig. 9.4 shows the first step in this reaction which involves the formation of an ozonide
intermediate.

ozonide
R R
R1 RS R 2 °
1 R,
—_— _—
Ry R, O\ /O
)
'6 o
AN
O
+
Fig. 9.4
(i) On Fig. 9.4, draw three curly arrows to complete the mechanism of this step. [2]

| © UCLES 2025 @ 9701/41/0/N/25 [Turn over I
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(ii)

| © UCLES 2025
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L is formed from alkene K, C¢H,,, by a similar reaction to that shown in Fig. 9.3.

Suggest the structure of K.

L

)

K CgHyy

9701/41/0/N/25

[1]

[Total: 9]
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Important values, constants and standards

molar gas constant

R =8.31JK " "mol™

Faraday constant

F =9.65 x 10*Cmol™’

Avogadro constant

L =6.02 x 1023 mol’

electronic charge

e=-1.60x1071°C

molar volume of gas

V. =22.4dm3mol~ at s.t.p. (101kPa and 273K)
V. =24.0dm3mol~" at room conditions

ionic product of water

K, = 1.00 x 10~"#mol2dm=® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg K" (4.18Jg~ 1K)

| © UCLES 2025 %
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Magnesium nitrate, Mg(NO;),, and strontium nitrate, Sr(NO;),, both decompose when heated to
form the metal oxide and a mixture of gases.

(a)

Write an equation for the thermal decomposition of Mg(NO,),.

(b) State which of Mg(NO,), or Sr(NO,), decomposes at a lower temperature.

(c)

Explain your answer.
compound that decomposes at a lower temperature ...........ccccveviiiiii e

L2 (0] F= T F= 11 o o PR

Magnesium oxide, MgO, and strontium oxide, SrO, both react with dilute sulfuric acid.
MgO forms a soluble salt, A.
SrO forms an insoluble salt, B.

(i) Identify the products formed when MgO reacts with dilute sulfuric acid.

[Total: 7]
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Ethanal, CH,CHO, reacts with nitrogen dioxide, NO,. The products of the first step of this reaction

are a CH36=O radical and a molecule of nitrous acid, HNO,,
CH,CHO + NO, — CH3é=O + HNO,,
(@) (i) Use two words to complete the sentence.

This reaction INVOIVES ........ciiiii i e of the single
covalent bond between a hydrogen atom and a carbon atom in CH;CHO.

[1]

(ii) The hydrogen atom mentioned in (a)(i) forms a covalent bond with one of the oxygen
atoms of an NO, molecule. An NO, molecule has a single, unpaired electron on the
nitrogen atom. All electrons are paired in an HNO, molecule.

Draw dot-and-cross diagrams of NO, and HNO, in the boxes. Show outer shell electrons
only.

NO, HNO,

[1]
(iii) Use VSEPR theory to predict the bond angle at the nitrogen atom in an HNO, molecule.
bondangle = .......ccccccoeeeeiiiiii, [1]
(b) The rate equation for the reaction between CH,CHO and NO, is shown.
rate = kK[CH;CHO][NO,]

Under certain conditions, when the concentrations of both CH;CHO and NO,, are 0.200 mol dm3,
the rate of the reaction is 1.53 x 10*moldm=3s~".

Calculate the value of the rate constant, k, under these conditions. Give the units of k.

| © UCLES 2025 @ 9701/42/0/N/25 I

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

* 0000800000005 * DFD

1l

(c)

(d)

(e)

T i

The reaction mixture described in (b) is monitored over a period of time.

Predict whether the graph of [NO,] against time shows a constant half-life.
Explain your answer.
1 =Y 1o 1 o ISP

234 0] =T =1 1o o [PPSR

[1]
NO, also reacts with ozone, O,.
The rate equation is shown.
rate = k,[NO,]

Under certain conditions, the value of k1 is 0.0848s~ 1.
The reaction has a constant half-life under these conditions.
Calculate the half-life in seconds.

half-life = ............................ s [1]

NO2 is present in the exhaust gases of cars. It can react with carbon monoxide, CO, on the
surface of a heterogeneous catalyst in the car’s catalytic converter.

Describe the mode of action of this heterogeneous catalyst.

[Total: 9]
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3 (a) (i) Define conjugate acid—base pair.

(ii) Give the formulas of the conjugate acid and the conjugate base of the hydrogen
phosphate ion, HPO,2.

conjugate acid of HPO,2™ ..........cccocvicicune,

conjugate base of HPO, %~ ...

[1]
(b) The Ka of propanoic acid, CHsCHZCOOH, is 1.35 x 10~°moldm=3 at 298 K.
Solution C is a solution of CH,CH,COOH with a pH of 3.60 at 298 K.
(i) Calculate the concentration of CH;CH,COOH in solution C.
[CH;CH,COOH] = ..o moldm=3 [2]
(i) Calculate the concentration of hydroxide ions in solution C.
[OHT] = moldm=3 [1]

(iii) Calculate the concentration of a solution of hydrochloric acid with the same pH as
solution C.

concentration = .......cccccoveviieiieennn. moldm™ [1]

| © UCLES 2025 @ 9701/42/0/N/25 I
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(iv)

(T — ]

Table 3.1 shows three possible values of the K, of dimethylpropanoic acid, (CH;);CCOOH.

Place a tick in Table 3.1 to show the correct value. Explain your answer.

Table 3.1
value of K, place one tick (v')
/moldm™3 in this column
9.33x107°
1.35x 107°
3.35x 107

(c) Solution D is made by mixing 100cm?® of 0.100moldm= CH,CH,COOH and 100cm? of
0.100moldm=3 NaClL.

The pH of solution D is measured as small amounts of H,SO,(aq) are added to it, and when
small amounts of NaOH(aq) are added to it.

Solution D only acts as a buffer solution when one of these solutions is added to it.

(i)

(ii)

| © UCLES 2025

Complete the sentence and write an equation for the reaction that occurs.

Solution D acts as a buffer when ... is added to it.
=0 U E= 1 () o S
Complete the sentence and explain why solution D does not act as a buffer when the
other solution is added.

Solution D does not act as a bufferwhen ..............cccci is added to it.

EXPIANALION Loeeee e e e e e e e e aaaaaan
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(d) Manganese(ll) hydroxide, Mn(OH),, is only slightly soluble in water.

The solubility of Mn(OH), in water is 3.28 x 103 gdm= at 298K.

(i) Calculate the concentration of a saturated solution of Mn(OH), at 298 K.

IMN(OH)5] = o moldm=3 [1]
(ii) Write an expression for the KSp of Mn(OH),. Give the units of Ksp.

KSp =

(iii) Use your answers to (d)(i) and (d)(ii) to calculate the value of Ksp of Mn(OH), at 298K.

[Total: 15]
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4 (a) Define enthalpy change of atomisation, AH.

(c) Explain why the first electron affinity of chlorine is more exothermic than the first electron
affinity of iodine.

............................................................................................................................................. [2]
(d) The enthalpy change for the reaction Cl,(g) + 2e~ — 2CI7(g) is —486 kJ mol~1.
The first electron affinity of chlorine is —364 kJ mol~.
Calculate the enthalpy change of atomisation of chlorine.
AH,, of chlorine = ........cccccocovvricinnne. kdmol~" [2]

[Total: 6]
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sulfate dissolves in water to form a solution containing the [Co(H20)6]2+ complex ion.

(@) (i)

(ii)

(iii)

(iv)
(v)

(vi)

| © UCLES 2025

Complete the electronic configurations of a Co?* ion and a Co3* ion.

COZ" = [AM e
CO* =AM oo,

[1]
Explain why transition elements can form complex ions.
..................................................................................................................................... [1]
An excess of concentrated HCl is added to a solution containing [Co(H20)6]2+.
Describe the colour change observed and the state of the cobalt-containing product.
The colour changes from ...........cccoceeeiinnns (o T .
The state of the cobalt-containing productis ..........cccceevvvveveeeeee. .

[2]
Write an equation for the reaction occurring in (a)(iii).
..................................................................................................................................... 1]
Name the type of reaction occurring in (a)(iii).
..................................................................................................................................... [1]

Write an equation for the reaction that occurs when an excess of NaOH(aq) is added to
a solution containing [Co(H20)6]2+.

@ 9701/42/0/N/25 I
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Cobalt is a transition element which forms compounds containing Co?* and Co3* ions. Cobalt(II)
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(b) Cobalt metal can be oxidised by acidified K,Cr,O,. The relevant half-equations, and their
E®values, are shown.

Co%* + 2e- = Co ©=_0.28V
Cr,0,%~ + 14H* + 6e~ = 2Cr®* + 7H,0 E®=+1.33V

(i) A Co?*/Co electrode is constructed in which [Co2*] is 0.020 moldm™3 at 298 K.

Use the Nernst equation to show that the E value for this Co2?*/Co electrode is —0.33V.

[2]

(ii) An electrochemical cell is constructed using the Co?*/Co electrode described in (b)(i)
and a Cr,0,%7/Cr3* electrode in which all conditions are standard.

Calculate the value of E

cell

Ecol = v, [1]
(iii) A current is drawn from the electrochemical cell described in (b)(ii).

Write an equation for the reaction taking place in the cell.

(iv) Complete the sentences to identify the negative electrode and the direction of electron
flow when a current is drawn from the cell described in (b)(ii).

The . electrode is the negative electrode.

Electrons flow fromthe ........cccooveeviiiniinn... electrodetothe .....ccoovvveeveeeeiee, electrode.

[1]
(c) Amolten Co?* salt is electrolysed using a current of 0.500A.

0.547 g of cobalt metal forms at the cathode. Under the conditions used no other reduction
reaction occurs at the cathode.

Calculate the time in minutes for which the current flows to produce this mass of cobalt.

Give your answer to three significant figures.

[Total: 15]
| © UCLES 2025 @ 9701/42/0/N/25 [Turn over
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6 (a) Nickel forms complexes.

(i)

(i)

(iii)

Give the formula and charge of the tetrahedral complex formed by Ni atoms with carbon
monoxide molecules. Carbon monoxide is a monodentate ligand. This is complex E.

Give the formula and charge of the octahedral complex formed by Ni2* ions with
ethanedioate ions. This is complex F.

Identify which complex, E or F, exists as a mixture of two stereoisomers and the type of
stereoisomerism involved.

The complex which exists as a mixture of two stereocisomers is .............cccceevvvnnnnnn. .

The type of sterecisomerism involved is ...........cccoceeieiinnnne. .

[1]

(b) Cadmium forms complexes with methylamine, CH;NH,, and 1,2-diaminoethane, en. The

values of the stability constants, K

(i)

(ii)

(iif)

| © UCLES 2025

of these complex ions are given in Table 6.1.

stab’
Table 6.1
complex Kiab
[Cd(CH,4NH,),]%* 3.5 x 108
[Cd(en),]?* 4.0 x 100

Explain, by reference to its structure, why CH;NH,, acts as a monodentate ligand.

Some Cd?*(aq) is added to a solution containing equal concentrations of CH;NH,
and en.

Predict which of the two complexes in Table 6.1 forms at the higher concentration.
Explain your answer.
complex that forms at the higher concentration ........................

L=y o] F= T =1 1o o ISPt

[1]
Complete the expression for the K, of [Cd(CH3NH2)4]2+.
Kstab =
[1]

[Total: 7]
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P,Q, R, S, T, U, and V are the seven structural isomers with molecular formula C H1OO that have
a carbonyl group.

P CH,(CH,),CHO Q CH,CH,CH(CH,)CHO R (CH,),CHCH,CHO
S (CH,),CCHO T CH,CH,CH,COCH, U CH,CH,COCH,CH,
V (CH,),CHCOCH,

(@) Only one of these seven compounds has stereoisomers.

Draw three-dimensional diagrams of the two stereocisomers of this compound.

[2]

(b) P,Q,R,S, T, U, and V are treated separately with alkaline I,(aq) and the product mixture is
acidified.

(i) Identify the two compounds that give a positive result with alkaline I,(aq).

(ii) Describe the observations when one of the compounds you have identified in (b)(i) is
treated with alkaline I,(aq) and give the structural formulae of the two carbon-containing
products of this reaction.

(o] 0 1ST=Y V7= 11 0] o 1T USRSt

two carbon-containing ProdUCES ...........euiiiiiiiiiii e

| © UCLES 2025 @ 9701/42/0/N/25 [Turn over I
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P CH,(CH,),CHO Q CH,CH,CH(CH)CHO R (CH,),CHCH,CHO
S (CH,),CCHO

T CH,CH,CH,COCH, U CH,CH,COCH,CH,

V (CH,),CHCOCH,

(c) The proton ("H) NMR spectra of P, Q, R, S, T, U, and V are compared.

(i) Identify the only compound that gives a spectrum with two singlets and no other peaks.
..................................................................................................................................... [1]
Fig. 7.1 shows the spectrum obtained from one of the compounds.
I
M 10 9 8 7 6 5 4 3 2 1 0
o/ppm
Fig. 7.1
(ii) Identify the compound that gives this spectrum.
..................................................................................................................................... [1]
(iii) Name the splitting pattern of the peak at 6 = 1.1 in Fig. 7.1.
Give the reason for this splitting.
NAME ..o
(=TT ] o SRR UTRSUPRRRSTRI
[1]
(iv) Identify the substance that gives the small peak at 6 = 0 in Fig. 7.1
..................................................................................................................................... [1]

| © UCLES 2025
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(d) The carbon-13 NMR spectra of R, S, T and U are compared.

Complete Table 7.1 to state the number of peaks in the spectrum of each compound.

| © UCLES 2025

Table 7.1
compound number of peaks
R (CH,),CHCH,CHO
$ (CH;),CCHO
T CH4CH,CH,COCH,
U CH,CH,COCH,CH,

9701/42/0/N/25

[2]

[Total: 11]
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Asparagine and aspartic acid are two naturally occurring amino acids. Their structures and

isoelectric points are shown in Table 8.1.

Table 8.1
amino acid structure isoelectric point
asparagine HOOCCH(NH,)CH,CONH,, 5.41
aspartic acid HOOCCH(NH,)CH,COOH 277

(a) Define isoelectric point.

(b) Draw the structures of asparagine and aspartic acid at pH2.

asparagine at pH2

aspartic acid at pH2

(c) Asparagine and aspartic acid are treated separately with an excess of LIAIH,.

Draw the structures of the organic products of these reactions.

product of asparagine treated with an
excess of LIAIH,

| © UCLES 2025 @ 9701/42/0/N/25

product of aspartic acid treated with
an excess of LIAIH,

[2]
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(d) Propanedioic acid, HOOCCH,COOH, is treated with an excess of thionyl chloride, SOCL,,.
Propanedioyl chloride, CIOCCH,COCI, is formed.

(i) Write an equation for this reaction.

(ii) Propanedioyl chloride reacts with an excess of asparagine to form compound G with
molecular formula C,H,sN,Og.

Each molecule of compound G has four amide groups.

Draw the structure of compound G.

Compound G, C,,H,5N,Oq4

[2]
(e) Asparagine is hydrolysed with an excess of hot NaOH(aq).

Draw the structure of the organic product of this reaction.

[2]
(f) A polymer can form from asparagine, HOOCCH(NH,)CH,CONH,, as the only monomer.
Draw a length of the polymer chain containing three monomer residues.

Clearly label the repeat unit of the polymer on your diagram.

[3]

| © UCLES 2025 % 9701/42/0/N/25 [Turn over I
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(g) Aspartic acid exists in two optically active forms.

(i) Plane polarised light is passed through pure samples of these two optically active forms

(ii)

| © UCLES 2025

in solutions of the same concentration.
Describe two similarities and one difference in their effect on the plane polarised light.

Y10 11 =T LT TR

Give the term used to describe a mixture of equal amounts of the two optically active
forms.

[Total: 16]
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Question 9 starts on page 20.
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Compound X is made from benzene by the route shown in Fig. 9.1.

w X
benzene
NO, NO, NH,
@ step 1 @ step 2 step 3 step 4
— — — —_—
CH,4 CH,4 COOH COOH

Fig. 9.1
(a) Describe the bonding in benzene, CHg.
Your answer should include:
e the hybridisation of the six carbon atoms
* the types of bond between the carbon atoms
* the orbitals that overlap to produce the bonds between the carbon atoms
* the type of bond between the carbon atoms and the hydrogen atoms

* the orbitals that overlap to produce the bonds between the carbon atoms and the
hydrogen atoms.

| © UCLES 2025 @ 9701/42/0/N/25 I
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In step 1 of Fig. 9.1 benzene reacts with *CH,.

Complete Fig. 9.2 to show the mechanism for this reaction, including:

* the movement of electron pairs using curly arrows
*  the structure of the intermediate involved.

intermediate

©_> o '

*CH,

(d)

(e)

(f)

(9)

CH,4

Fig. 9.2
[3]

Describe the reagents and conditions required for step 2 of Fig. 9.1.

............................................................................................................................................. [1]
Name compound W.
............................................................................................................................................. [1]
The reagents commonly used for step 4 will not reduce the —COOH group.

Identify the reagents and conditions required for step 4 of Fig. 9.1.
............................................................................................................................................. [1]

| © UCLES 2025 @ 9701/42/0/N/25 [Turn over I
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(h) Benzene can also be used as a starting material to make compound Y.

compound Y

NH,

COOH

Describe how the route described in Fig. 9.1 (repeated below) can be changed to give
compound Y instead of compound X.

Explain your answer.

............................................................................................................................................. [2]
w X
benzene
NO, NO, NH,
step 1 step 2 step 3 step 4
— — — —
CH,4 CH,4 COOH COOH

Fig. 9.1

[Total: 14]
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Important values, constants and standards

molar gas constant

R =8.31JK "mol’

Faraday constant

F=9.65x 104Cmol™"

Avogadro constant

L =6.02 x 1023 mol™’

electronic charge

e=-1.60x1071°C

molar volume of gas

V., =22.4dm3mol~! at s.t.p. (101kPa and 273K)
V., =24.0dm3mol~" at room conditions

ionic product of water

K,, = 1.00 x 10-"*mol2dm=® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg "K' (4.18JgK")

I © UCLES 2025 @
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1 (a) Solutions of Group 2 hydrogencarbonates, M(HCO,),, decompose on heating to give the
corresponding metal carbonate, carbon dioxide and water.

(i) Write an equation for the decomposition of strontium hydrogencarbonate, Sr(HCO,),.

..................................................................................................................................... [1]
(ii) The thermal stability of Group 2 carbonates increases down the group.
Explain this trend.
..................................................................................................................................... [2]
(b) The hydroxides and fluorides of Group 2 elements show similar trends in solubility.
Describe the trend in the solubility of the fluorides of calcium, strontium and barium.
Explain your answer.
least soluble most soluble
L=y (o] F= T =1 1] o
............................................................................................................................................. [4]

| © UCLES 2025 % 9701/43/0/N/25 [Turn over I
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(c) (i) Define enthalpy change of hydration, Athd.

..................................................................................................................................... [1]
(ii) State the main factors that affect the magnitude of enthalpy change of hydration.
Explain your answer.
..................................................................................................................................... [2]
(d) Table 1.1 shows various energy changes.
Table 1.1
energy change value/kJ mol~!
lattice energy of MgF,, —2957
enthalpy change of hydration, AH, g, of Mg2* -1926
enthalpy change of hydration, Athd, of F~ -505
Use data from Table 1.1 to calculate the enthalpy change of solution, AH__,, for MgF ,(s).
It may be helpful to draw a labelled energy cycle. Show your working.
AHg of MGF,(S) = oo kJmol=1[2]

| © UCLES 2025 @ 9701/43/0/N/25 I
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(e) Mercury(I) fluoride, Hg,F,, is sparingly soluble in water.

The cation in Hg,F, exists as the diatomic ion ng2+ with a covalent Hg—Hg bond.
(i) Write the expression for the solubility product, Ksp, of Hg,F,. Include the units.

Ksp =

(ii) The solubility of Hg,F, is 9.20 x 10~3moldm™3 at 298 K.

Calculate the value of KSp of Hg,F, at 298K.

[Total: 15]
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2 (a) Iron can form stable ions in the +2 and +3 oxidation states.

Explain why transition elements have variable oxidation states.

DFD

6

(b) Aqueous solutions of iron(II) salts contain the complex ion [Fe(H20)6]2+.

Define complex ion.

(c) [Fe(H20)6]2+ can be converted into [Fe(H,0),(OH),].

(i) Suggest a suitable reagent for this conversion. State the type of reaction.

TEAGENT i

type of reaction

(i) [Fe(H,O),(OH),] is a green precipitate that turns brown on standing in air.
Table 2.1 shows electrode potentials for some electrode reactions.
Table 2.1
electrode reaction E®/IV
Fe(H,0);(OH); + H,O0 + e- == Fe(H,0),(OH), + OH- -0.56
O, + 2H,0 + 4e- == 40H" +0.40

| © UCLES 2025

Use the information in Table 2.1 to explain why [Fe(H,0),(OH),] turns brown on standing

in air.

Include an equation for this reaction.

9701/43/0/N/25
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(d) The complex [Co(NH, ]2+ reacts with hydrogen peroxide as shown.

reaction 1 2[Co(NH,)gJ2* + H,0, — 2[Co(NH,) 3" + 20H- ES, =+167V

Calculate AG®, in kJmol™, for reaction 1.

AG® = oo, kdmol-' [2]

[Total: 8]
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3 (a) Solid manganese(IV) oxide, MnO,, catalyses the decomposition of hydrogen peroxide.

State the type of catalysis for this reaction. Explain your answer.

2H,0,(aq) — 2H,0(l) + O,(9)

(b) Hydrogen peroxide reacts with iodide ions in acidic conditions as shown.

H,0, + 21~ + 2H* - 2H,0 + L,

The initial rate of this reaction is investigated with different concentrations of H,O,, I~ and H".
The results obtained are shown in Table 3.1.

Table 3.1
experiment [H,0,]/moldm= | [I7]/moldm=3 | [H*]/moldm= | initial rate/moldm=3s~"
1 0.0450 0.0300 0.0125 242 x 1073
2 0.0225 0.0600 0.0125 2.42 x 1073
3 0.0225 0.120 0.0125 4.84 x 103
4 0.0450 0.120 0.0500 9.68 x 1073

(i) Use the information in Table 3.1 to deduce the rate equation for this reaction.

Explain your reasoning.

(ii) Use your rate equation from (b)(i) and the data from Experiment 1 to calculate the rate
constant, k, for this reaction. Include the units of k.

| © UCLES 2025
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(c) The rate of the thermal decomposition of azomethane, CH;N=NCHj, is investigated.
CH;N=NCH; — N, + C,Hq
Fig. 3.1 shows the results obtained. The reaction is first order with respect to CH;N=NCH,.

0.06

0.05

0.04

[CH,;N=NCH,]/moldm™ (o3

0.02

0.01

I~

~—

0
0 50 100 150 200 250 300 350 400

time/s

Fig. 3.1
(i) Use Fig. 3.1 to calculate two half-lives, ti, to show that the reaction is first order.
2

(ii) Use your answer to (c)(i) to calculate the rate constant, k, for the decomposition of
azomethane.

(d) Describe the effect of increasing temperature on the rate constant and on the rate of a
reaction.

[Total: 11]
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4 (a) Define standard cell potential, E&,. Include a description of standard conditions.

(b) The Daniell cell is an electrochemical cell consisting of a Cu?*(aq)/Cu(s) electrode and a
Zn2*(aq)/Zn(s) electrode.

(i) Draw a labelled diagram of this electrochemical cell.

Include all necessary substances and relevant pieces of apparatus needed to measure
the Ege”.

It is not necessary to state the conditions used.

[3]

(ii) State the charge carriers that transfer current through the solutions and through the wire.

(iii)

| © UCLES 2025

the solutions .............coeeeeiiiinn. thewire ... [1]
The standard electrode potential, E®, for the Zn2*(aq)/Zn(s) electrode is —0.76 V.

Water is added to a standard Zn2*(aq)/Zn(s) electrode.

The new concentration of Zn?*(aq) is 0.25moldm3.

Use the Nernst equation to calculate the electrode potential, E, for this new Zn2*(aq)/Zn(s)
electrode.

E (Zn?*(@q)/ZN(S)) = cveeeeeeeeeeeeeeeen, V [2]

@ 9701/43/0/N/25 I
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An electrochemical cell consists of a ZnO/Zn electrode and a MnOZIMnZO3 electrode in an
alkaline electrolyte.

c

o

The standard cell potential, ES,, for this cell is +1.47 V.
The half-equation at each electrode when this cell is discharging is shown.
Zn + 20H™ — ZnO + H,0 + 2e~
2MnO, + H,0 + 2~ —» Mn,0; + 20H"

(i) Use this information to determine the change in oxidation state of manganese when this
cell is discharging.

from ... (o [1]

(ii) Write the equation for the overall reaction that occurs when this cell is discharging.

..................................................................................................................................... [1]
(iii) The E® for the ZnO/Zn electrode is —1.28 V.
Calculate the standard electrode potential, E®, for the MnO,/Mn,0, electrode.
E® (MNO,/MN,04) = i V [1]
[Total: 11]
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5 (a) Copper shows typical properties of transition elements, including its behaviour as a catalyst.

Complete Table 5.1 to show the total number of unpaired electrons in the 3d and 4s orbitals

of an isolated gaseous Cu atom and a Cu?* ion.

Table 5.1
number of unpaired electrons
species
3d 4s
Cu
Cu?*

(b) The 3d orbitals in an isolated Cu?* ion are degenerate.

[1]

Complete the diagram to show the relative energies of the 3d orbitals in an isolated Cu2* ion
and in Cu?* in a tetrahedral complex.

energy

(c) Explain why transition elements behave as catalysts.

A

A

isolated CuZ* ion

Cu?* in a tetrahedral complex

[2]

| © UCLES 2025
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(d) CN-is a monodentate ligand.

.

Table 5.2 shows information about two complex ions that contain only CN~ ions as ligands.

Complete Table 5.2.
Table 5.2
metal ion coordination number | formula of complex ion | charge of complex ion
Ag* 2
Fe?* 4—

[2]

(e) The complex ion [Au(CN),Br,]~ displays geometrical (cis/trans) isomerism.

Draw the structure of trans-[Au(CN),Br,]". State its shape and the Br-Au-Br bond angle.

| © UCLES 2025

Br-Au-Brbond angle = .........ccccevviceeee.
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(f) Animpure sample of a vanadium(V) compound of mass 0.250g is dissolved in aqueous acid.
This solution contains VO,™ ions.

An excess of zinc is added to this solution. All the VOs‘ ions are reduced to V2* ions and Zn
atoms are oxidised to Zn2* ions.

The unreacted zinc is removed and the resulting solution is titrated with acidified MnO,".
The end-point is reached when 22.5cm3 of 0.0750 moldm=3MnO,~ is added.
A redox reaction takes place and all the V2* reacts forming VO,~.
3MnO,~ + 5V?* + 3H,0 — 3Mn?* + 5VO,~ + 6H*
(i) Calculate the percentage by mass of vanadium in the 0.250g of impure sample.
Assume the impurities do not contain any vanadium ions.

Show your working.

percentage of vanadium = ............cccccoiiiinnnn. [3]

(i) Complete the equation for the reaction between acidified VO, ions and Zn metal.

[2]

[Total: 14]
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6 (a) Thin-layer and gas/liquid chromatography can be used to separate mixtures into their

individual components.

(i) Define the following terms used in chromatography.

Rf VAU oo s

(ii) Each type of chromatography makes use of a stationary phase and a mobile phase.

Complete Table 6.1 with a description of each of these.

Table 6.1

stationary phase

mobile phase

thin-layer chromatography

gas/liquid chromatography

(b) A mixture of two substances A and B is analysed by thin-layer chromatography.

The R; value of substance A is larger than that of substance B.

Suggest why substance A has a larger R, value.

[1]

| © UCLES 2025 @
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(¢) The two isomeric compounds Y and Z are analysed by proton (*H) NMR spectroscopy.

Y

Y4

(i) Complete Table 6.2 to predict the number of peaks observed in the proton ("H) NMR

spectra for Y and Z.

Table 6.2

compound

number of peaks observed

Y

Y4

[1]

(i) Name all the different splitting patterns observed in the proton ('H) NMR spectra for Y

and Z.

| © UCLES 2025 @
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7 (a) State the relative acidities of bromoethanoic acid, BrCH,COOH, chloroethanoic acid,
CICH,COOH, ethanoic acid, CH,COOH and ethanol, CH,CH,OH.

Explain your answer.

[4]
(b) Fig. 7.1 shows the reaction of methylbenzene and ethanedioic acid with KMnO,.
Predict the major carbon-containing product for each of these reactions.
methylbenzene
hot alkaline KMnO,,
ethanedioic acid
O
hot acidified KMnO,,
HO
o
Fig. 7.1
[2]

| © UCLES 2025 @ 9701/43/0/N/25 I
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(c) Polyamide X can be synthesised from ethanedioic acid and benzene-1,4-diamine.

benzene-1,4-diamine

H,N NH,

(i) Draw the repeat unit of polyamide X in the box.

The new functional group formed should be shown displayed.

polyamide X

(2]
(ii) Benzene-1,4-diamine can be formed by reduction of 1,4-dinitrobenzene.
Complete the equation for this reduction.

[H] represents one atom of hydrogen from a reducing agent.

| © UCLES 2025 % 9701/43/0/N/25 [Turn over I
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(d) Fig. 7.2 shows the two-step synthesis of the azo compound W.

20

V CgH,N,CL

step 1
H,N NH, ——

OH
step 2

and NaOH(aq)

w C‘18H14N402

Fig. 7.2

(i) Suggest structures for compounds V and W and draw them in the boxes in Fig. 7.2.

(ii) Give the reagents and conditions for step 1.

| © UCLES 2025 Eﬁ? 9701/43/0/N/25
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8 (a) In the electrophilic substitution of arenes, different substituents can direct to different ring
positions.

(i) Describe the directing effect of the -NO,, group. Explain your answer,

(i) The nitration of arenes uses a mixture of concentrated HNO, and concentrated H,SO,, to

generate the NO,* electrophile.

Write an equation for the formation of the NO,* electrophile.

..................................................................................................................................... [1]
(b) Carbon-carbon bond formation is an important reaction in organic synthesis.
Fig. 8.1 shows the synthesis of compound Q from benzene in two reaction steps.
compound Q
compound P o)
reaction 1 reaction 2
_— > —_— >
Fig. 8.1
(i) Draw the structure of compound P in the box in Fig. 8.1. [1]
(ii) Suggest reagents and conditions for reactions 1 and 2 in Fig. 8.1.
FEACHION 1 o
FEACHION 2 e
[2]

| © UCLES 2025
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(c) Separate samples of C;H;Br and C;H;CH,Br are added to warm AgNO,(aq).

State the expected observations, if any. Explain your answer.
CeHsBrwith AgNO5(aq) e
CgHsCH,Br with AgNO5(aq) o,

EXPIANALION . e e e e e e e aaaeaerara———

(d) Acyl bromides, RCOBE, react readily with H,0O.

The mechanism of this reaction is similar to that of the reaction of H,O with acyl chlorides,
RCOCIL.

(i) Name the mechanism of this reaction.

..................................................................................................................................... 1]
(ii) Complete the mechanism in Fig. 8.2 for the reaction of RCOBr with H, 0.
Include all relevant lone pairs of electrons, curly arrows, charges and dipoles.
Draw the structure of the intermediate.
intermediate
I
R/C\B E—— —_— products
r
O
T
Fig. 8.2

[4]

[Total: 13]
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9 (a) Explain why amides are much weaker bases than amines.

(b) Fig. 9.1 shows the preparation of 2-phenylethylamine, C;H;CH,CH,NH,, by three different
routes.

NH,

reaction 1

TN

2-phenylethylamine
M
H,/Ni
-
NH,
N
Fig. 9.1

NH,

(i) Suggest structures for compounds M and N and draw them in the boxes in Fig. 9.1. [2]

(ii) Give the reagents and conditions for reaction 1.

| © UCLES 2025

@ 9701/43/0/N/25

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN



* 0000800000025 * DFD

T MUmENmn, -~ - —

DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN DO NOT WRITE IN THIS MARGIN

DO NOT WRITE IN THIS MARGIN

(c) Fig. 9.2 shows compound H which is a useful starting material in organic synthesis.

H
o)
Y\N
H
Fig. 9.2
H contains an alkene and an amine functional group.
Name the other functional group and give the classification of the amine group in H.

other functional group in H ...

classification of amine ...

[1]

(d) Ozonolysis involves the oxidative cleavage of a C=C bond in alkenes using ozone, O,, as
shown in Fig. 9.3.

R1 R3 R1 R3
—_— O /&
—_— (@) + (@)
R
R, R, 2 R4
Fig. 9.3

Fig. 9.4 shows the first step in this reaction which involves the formation of an ozonide
intermediate.

ozonide
R R
R1 RS R 2 °
1 R,
—_— _—
Ry R, O\ /O
)
'6 o
AN
O
+
Fig. 9.4
(i) On Fig. 9.4, draw three curly arrows to complete the mechanism of this step. [2]

| © UCLES 2025 @ 9701/43/0/N/25 [Turn over I
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(ii)

| © UCLES 2025
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L is formed from alkene K, C¢H,,, by a similar reaction to that shown in Fig. 9.3.

Suggest the structure of K.

L

)

K CgHyy

9701/43/0/N/25

[1]

[Total: 9]
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Important values, constants and standards

molar gas constant

R =8.31JK " "mol™

Faraday constant

F =9.65 x 10*Cmol™’

Avogadro constant

L =6.02 x 1023 mol’

electronic charge

e=-1.60x1071°C

molar volume of gas

V. =22.4dm3mol~ at s.t.p. (101kPa and 273K)
V. =24.0dm3mol~" at room conditions

ionic product of water

K, = 1.00 x 10~"#mol2dm=® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg K" (4.18Jg~ 1K)

| © UCLES 2025 @
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1 (a) Define a transition element.

............................................................................................................................................. [1]
(b) The 3d orbitals in an isolated gaseous Cu?* ion are degenerate.
(i) Define the term degenerate.
..................................................................................................................................... [1]
(i) Complete the electronic configuration of Cu?*.
S o 1]
(c) (i) State the colours of the aqueous solutions for the two copper(Il) complex ions shown.
. [Cu(NH3)4(H20)2]2+(aq) .............................................................................................
¢ [OUCTIIZT(BU) vt
[1]
(ii) Explain why aqueous complex ions of transition elements are usually coloured.
..................................................................................................................................... [3]

(d) (i)

| © UCLES 2025

When an excess of NH;(aq) is added to a solution of [CuCl4]2‘(aq), [Cu(N H3)4(H20)2]2+(aq)
is formed.

State the type of reaction.
Complete the equation for this reaction. State symbols are not required.

TYPE OF FEACTION ... e e
equation
[CuCl4]2‘ F e — [Cu(NH3)4(H20)2]2+ F e
[2]
@ 9701/44/0/N/25
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(i) The [Cu(NH,),(H,0) ]2+ complex ion shows stereoisomerism.

Complete the three-dimensional diagrams in Fig. 1.1 to show the two different
stereoisomers of [Cu(NH,),(H,0),]%".

isomer 1 isomer 2
Cu Cu

Fig. 1.1
[2]
(iii) Deduce which stereoisomer in (d)(ii) is polar.
Explain your answer.
[0 =T g =T 41
L=y o] F= T =1 1o o 1SRNt
[1]
(e) The dianion P can act as a tridentate ligand.
P
o o
N
O H O
(i) Suggest how P can form three dative covalent bonds.
..................................................................................................................................... [1]

(ii) 2 moles of dianion P, C,H,NO 2‘, react with 1 mole of aqueous cobalt(Ill) ions,
[Co(H 0)6]3+ to form 1 moIe of complex ion Q.

Deduce the formula and charge of Q.

| © UCLES 2025 @ 9701/44/0/N/25 [Turn over I
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(f) Table 1.1 shows values for the stability constants, K, of some silver(I) complexes.

(ii)

| © UCLES 2025

4

Table 1.1
complex value of K,
[Ag(CN),](aq) 1.1 x 1018
[Ag(NH,),]"(aq) 1.2 x 107
[Ag(S,0,),1*(aq) 2.9 x 1013

Define the stability constant of a complex.

.

Use the information in Table 1.1 to identify the most stable silver(I) complex.

Explain your answer.

INIOST SEADIE et

L= 0] = =i ) o [P

9701/44/0/N/25
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(9) Sodium sulfite, Na,SO,, is used as a food preservative.

A 3.75g sample of impure Na,SO, is dissolved in distilled water and made up to 250 cmiina
volumetric flask.

10.0cm? of this solution requires 18.70cm? of acidified 0.0150 moldm= MnO,~(aq) to reach
the end-point.

The equation for the reaction is shown.
2MnO,~ + 5S0,%~ + 6H" — 2Mn2?* + 5S0,%~ + 3H,0

Calculate the percentage by mass of Na,SO; in the sample.

percentage by mass of Na,SO5 = ..o [3]

[Total: 19]

| © UCLES 2025 @ 9701/44/0/N/25 [Turn over I
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2 (a) The Group 2 sulfates and the Group 2 chromates show similar trends in solubility.

Suggest the trend in the solubility of the Group 2 chromates down the group.

Explain your answer.

(b) Silver(I) chromate, Ag,CrQ,, is sparingly soluble in water.

(i) Write an ionic equation to show the equilibrium between solid Ag,CrO, and its
aqueous solution.

Include state symbols.

(i) The value of the solubility product, K, of Ag,CrO, is 1.12 x 10~'2 at 298K.

Calculate the equilibrium concentration of Ag*, in moldm=3, in a saturated solution of
Ag,CrO, at 298K.

equilibrium concentration of Ag* = .....oooviiiiiiee e moldm= [3]

| © UCLES 2025 @ 9701/44/0/N/25 I
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(c¢) The hydrogenchromate ion, HCrO,~, is a weak acid. The pK, of HCrO,~ is 6.49.

(i) Calculate the pH of a 0.0250 moldm™3 HCrO,~ solution.

PH = [2]
(ii) HCrO,~ can show amphoteric behaviour.
State the formula of:
* the conjugate acid of HCrO, ™ ...
* the conjugate base of HCrO, ™. ..o
[1]

| © UCLES 2025 @ 9701/44/0/N/25 [Turn over I
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(d) Table 2.1 shows some energy changes.

Table 2.1
energy change value/kJ mol™
first ionisation energy of silver +731
second ionisation energy of silver +2074
first ionisation energy of sulfur +1000
second ionisation energy of sulfur +2251
first electron affinity of sulfur —200
second electron affinity of sulfur +532
enthalpy change of atomisation of sulfur +279
enthalpy change of formation of silver(I) sulfide, Ag,S(s) -33
lattice energy of silver(I) sulfide, Ag,S(s) -2677

(i) Define the term first electron affinity.

..................................................................................................................................... [1]
(ii) Explain why the value for the second electron affinity of sulfur is positive.

..................................................................................................................................... [1]
(iii) Construct an equation for the lattice energy of Ag,S.

Include state symbols.

..................................................................................................................................... [1]

I © UCLES 2025 @ 9701/44/0/N/25 I
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(iv) Calculate the enthalpy change of atomisation, AH_,
data from Table 2.1.

9 ]

in kd mol™", of silver using relevant

It may be helpful to draw a labelled Born—Haber cycle.

Show your working.

AH_, of Silver = ... kdmol~" [3]

(e) Suggest how the magnitude for the lattice energy of Ag,S(s) differs from the lattice energy
of Cu,S(s).

Explain your answer.

[Total: 18]
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3 (a) Define the term entropy.

(b) (i) Place one tick (v') in each row of Table 3.1 to show the sign of the entropy change, AS,

for each process.

Table 3.1

process

AS is negative

AS is positive

steam condensing into water

solid KCI dissolving in water

(i) Chlorine trifluoride, CIF;, decomposes on heating into its elements, as shown.

reaction 1 2CIF4(9)

— Cly(g9) + 3F,(9)

Standard entropies are shown in Table 3.2.

Table 3.2
substance CIF4(9) Cl,(9) F.(9)
S°/JK " mol" +281.6 +223.1 +203.0

Calculate the standard entropy change, AS®, in JK="mol~", for reaction 1.

ASP® for reaction 1 =

[1]

JKTmol~! [2]

(c) Group 2 carbonates decompose on heating. The decomposition for one of the Group 2
carbonates, MCO;, is shown in reaction 2.

reaction 2 MCO,(s)

— MO(s) + CO,(9)

(i) Predict the sign of the entropy change, AS, for reaction 2.

Explain your answer.

| © UCLES 2025 @
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(ii) The Gibbs equation is shown.

AG® = AH® — TAS®

.

Fig. 3.1 shows values of the Gibbs free energy change, AG®, in kJmol~, at different
temperatures, T, in K, for reaction 2.

Assume AH® and AS® values for this reaction remain constant over this temperature range.

200

150

1S

/kJmol~1100

50

0

0

N
o
o

-50

-100

T/IK

Fig. 3.1

Use the gradient and intercept on the y-axis in Fig. 3.1 and the Gibbs equation

to determine:

¢ AS° inJK

mol~, for reaction 2

e  the minimum temperature, T, in K, at which the reaction is feasible
e AH®, in kdmol™', for reaction 2.

| © UCLES 2025 @

AS® for reaction 2 =
minimum temperature, T =

AH® for reaction 2 =

9701/44/0/N/25

[Total: 9]
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4 (a) Nitrogen monoxide, NO, reacts with hydrogen, as shown in reaction 3.

reaction 3 2NO + 2H2 — N2 + 2H20

(i) The rate equation for reaction 3 is shown.

(ii)

(iif)

(iv)

(v)

(vi)

| © UCLES 2025

rate = k[H,][NOJ?
Complete Table 4.1.

Table 4.1

the order of reaction with respect to [H,]

the order of reaction with respect to [NO]

the overall order of the reaction

[1]

Predict how the initial rate for reaction 3 changes when the concentration of NO is halved.

Predict how the initial rate for reaction 3 changes when the concentrations of NO and H,,
are both increased three times.

Suggest why reaction 3 is unlikely to proceed by a mechanism involving only a
single step.

..................................................................................................................................... [1]
Suggest equations for the three steps of the reaction mechanism for reaction 3.
Each step involves a reaction between two molecules.
step 1 > e
step2 o = N,O +
step 3 NyO + s > e ————— Fo

[2]
Suggest the role of N, O in this mechanism.
Explain your reasoning.
..................................................................................................................................... [1]

% 9701/44/0/N/25 I
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(b) lodine, I, reacts with thiosulfate ions, 82032‘, as shown in reaction 4.

reaction 4 25,0, + I, > S,0.% + 2I”

Reaction 4 is carried out in the presence of a large excess of I,. Under these conditions, the
reaction is first order with respect to [82032‘] and zero order with respect to [L,].

The half-life, t,, for reaction 4 is 720 s under certain conditions.

Calculate the value of the rate constant, k, for reaction 4. Include the units of k.

(c) The reaction between iodide ions, I7(aq), and peroxydisulfate ions, 82082—(aq), is catalysed
by Co%*(aq). The mechanism is similar to the mechanism of this reaction when Fe3*(aq) is
used as the catalyst.

(i) State the type of catalysis that occurs in this reaction.

Explain your reasoning.

..................................................................................................................................... [1]
(ii) Write two equations to show how Co3*(aq) catalyses this reaction.
L=To (U= 4o T PP PPPPPPRP
L= To [ E= 1 1 o) o 12Ot
[2]
(iii) Suggest why this reaction is slow in the absence of Co3*(aq).
..................................................................................................................................... [1]

[Total: 12]
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5 (a) Describe and explain the shape of benzene.

In your answer, include:

the shape and bond angle in the ring
the hybridisation of the carbon atoms
how orbital overlap forms ¢ and = bonds between the carbon atoms in the ring.

............................................................................................................................................. [4]
(b) Fig. 5.1 shows two reactions of benzoic acid.
COOH COCH COOH
reaction 5 reaction 6
- _
@)
Fig. 5.1
(i) Suggest reagents and conditions for reaction 5 and for reaction 6 in Fig. 5.1.
FEACHION B o
FEACHION B oo,
[2]
(ii) State the type of reaction for reaction 5 in Fig. 5.1.
..................................................................................................................................... [1]

| © UCLES 2025
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(c) In

T . -

the electrophilic substitution of arenes, different substituents can direct to different

ring positions.

(i)

(ii)

(iii)

COOH

(iv)

| © UCLES 2025

Describe the directing effect of the —CH,CH, group.
Explain your answer.
..................................................................................................................................... [1]
The alkylation of arenes uses a mixture of CH;CH,Br and FeBr; to generate the
CH,CH," electrophile.
Write an equation for the formation of the CH,CH," electrophile.
..................................................................................................................................... [1]
Complete the mechanism in Fig. 5.2.
Include all relevant curly arrows and charges. Draw the structure of the
organic intermediate.
ic int diat
organic intermediate COOH
> » o
*CH,CH,
Fig. 5.2
[3]
Write an equation to show how FeBr; is regenerated after the reaction in Fig. 5.2.
..................................................................................................................................... [1]
[Total: 13]
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6 (a) Compound Z is used in organic synthesis.

Complete Table 6.1 to show the number of sp, sp? and sp® hybridised carbon atoms present

H,N

in one molecule of Z.

z
o) NH,

Table 6.1

CN

type of hybridisation

Sp

Sp

number of carbon atoms

(b) Z can undergo different reactions, as shown in Fig. 6.1.

H,N

excess HCI(aq)
heat

CN

reaction 7

CH,COCI

reaction 8

excess LiAIH 4

reaction 9

Fig. 6.1

(i) Name the two types of reaction occurring in reaction 7 in Fig. 6.1.

(ii) Draw the structures of the organic products of reactions 7, 8 and 9 in Fig. 6.1.

| © UCLES 2025
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(¢) Compound Z is dissolved in D,0 and analysed by carbon-13 NMR and proton ('H)
NMR spectroscopy.

(i) Predict the number of peaks in the carbon-13 NMR spectrum of Z.

(ii) The proton ("H) NMR spectrum of Zin D,0 gives three peaks for the proton environments,
labelled a, b and ¢, as shown on Fig. 6.2.

Z
T
C CH CN
U~ oI
a b c
Fig. 6.2

Complete Table 6.2 for the proton ('H) NMR spectrum of Z in D,0.

Table 6.2
proton environment a b c
name of splitting pattern
chemical shift range,
o/ppm
[2]
Table 6.3
- chemical shift
environment of proton example
range, 8/ppm
alkane —CH;, -CH,—, >CH- 0.9-1.7
CH.—C=0, -CH,-C=0
= 3 ’ 2 ’ __
alkyl next to C=0 >CH-C=0 2.2-3.0
alkyl next to nitrile —CH,—CN 2.0-3.0
alkyl next to electronegative atom | CH;—O, -CH,-O, —-CH,—N 3.2-4.0
attached to alkene =CHR 4.5-6.0
alkyl amine R—-NH- 1.0-5.0
amide RCONHR 5.0-12.0

[Total: 9]
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Phenylmethanol and 4-methylphenol are isomers.

phenylmethanol

4-methylphenol

CH,OH

(@) Complete Table 7.1 to show the relative acidities of benzoic acid (CzH;COOH),
phenylmethanol, 4-methylphenol and water.

Explain your answer.

Table 7.1

name of compound

most acidic

\ 4
least acidic

(b) 4-methylphenol reacts readily with sodium.

Complete the equation for this reaction.

| © UCLES 2025 @
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(c) Under certain conditions, ethane-1,2-diol, HOCH,CH,OH, reacts with propane-1,3-dioic acid,
HOOCCH,COOH, to form different organic products, as shown in Fig. 7.1,

reaction 10 X, CsHeO,
(@) (0]
HO
+ \/\
HO OH OH

reaction*g

polymerY
Fig. 7.1

(i) X does not react with Na metal.

Draw the structure of the organic product X, C;H;O,, shown in Fig. 7.1.

[1]
(ii) Reactions 10 and 11 in Fig. 7.1 are different types of reaction.
Name the type of reaction for reaction 10 and for reaction 11.
FEACHION 10 oo
(== T3 110 o T P EEPR PO
[1]
(iii) Draw a section of polymer Y showing only one repeat unit.
The new functional group formed should be displayed.
[2]

[Total: 9]
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8 (a) Describe the difference in reactivity between ethanoyl chloride and chlorobenzene with water.

Explain your answer.

............................................................................................................................................. [2]
(b) The structure of compound V is shown.
Vv
CN e)
O
N @)
H @]
(i) Name all the functional groups in V.
..................................................................................................................................... [2]
(ii) Deduce the number of possible optical isomers for V.
..................................................................................................................................... [1]
(iii) Suggest one reason, other than better biological activity and lower dosage required, why

| © UCLES 2025

it is beneficial to synthesise a single optical isomer of V for use as a drug.
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(c) Asample of V is hydrolysed with an excess of hot aqueous alkali.

The products are isolated from the reaction mixture at pH 12.

Draw the structures of the two organic products of the complete alkaline hydrolysis of V
in Fig. 8.1.

Fig. 8.1
[3]

| © UCLES 2025 @ 9701/44/0/N/25 [Turn over I
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(d) A polypeptide formed from four amino acids, A, B, C and D, is completely hydrolysed and
then analysed by gas—liquid chromatography.

The chromatogram produced is shown in Fig. 8.2.

A

58
B

: . 42
intensity

28 D

A
N e
>

time/minutes

Fig. 8.2
The number above each peak represents the area under the peak.

The area under each peak is proportional to the mass of the respective amino acid in
the mixture.

(i) Calculate the percentage by mass of amino acid A in the original mixture.

percentage by mass ofaminoacid A= ..o, [1]
(ii) The retention time for amino acid D is the longest.

Explain why D has a longer retention time than the other amino acids A, B and C.

[Total: 11]
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Important values, constants and standards

molar gas constant

R =8.31JK "mol’

Faraday constant

F=9.65x 10*Cmol"

Avogadro constant

L =6.02 x 102 mol™"

electronic charge

e=-1.60x10"1°C

molar volume of gas

V. =22.4dm3mol~ at s.t.p. (101kPa and 273K)
V. =24.0dm3mol~" at room conditions

ionic product of water

K, =1.00 x 10~ mol2dm-® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg "K' (4.18Jg7"K")

I © UCLES 2025 @

9701/44/0/N/25




DFD

T

* 0000800000024 *

NIOHVIN SIHL NI 31IdM LON Od

24

NIOHVI SIHL NI 3LIdM LON Od

NIOHVIN SIHL NI 31IdM LON Od

NIOHVI SIHL NI 3LI4dM LON Od

- - - - - - - - - - - 08¢ 0'1€2 0z€z -
wniouaime| wnij@qou wniAsjepusW wniwiay wniulejsule wniuJoyled wni@x3eq wnund wnpuswe wnuoynid wniunydau wniuesn wniugoejold wnuoy} wniunoe
1 ON PN w4 s3 10 g wo wy nd dN n ed UL oY spiounoe
€0l A 1oL 004 66 86 16 96 g6 6 €6 26 16 06 68
0'§LL LeLL 6'89L €291 6%91 §'Z9l 6851 €/G1 0'Z5L ¥'05L - oyl 6°0vL Loyl 68l
wnpayn| wnigepk wninyy wniqia wnjwjoy wnisoidsAp wniqJa)y wnjuijopef wnidoina wnuewes wniyyawoud wniwApoau wniwApoaseid wnua wnueyjue|
n7 aA wl 13 OH Aa ql PO n3 ws wd PN id 80 en sploueyjuel
9] 0L 69 89 19 99 g9 9 €9 29 19 09 65 85 18
uossauebo auIssauua) WNLOWIBAI| wniAcosow wniAoJe|) wnjuoyiu wnoluladod wniuaBiusos wnnpejsu.ep wnuauysw wnissey wnuyoq wniBiogess wniugnp wnipJogayini wnipes wniouel)
60 S A oN E| UN uo 6y sd W SH ug bs ad S| souee | BY e
8Ll LLL 9Ll GLL il €Ll zLl [ oLl 601 801 201 904 soL voL €01-68 88 /8
- - - 0602 z'L02 v'¥02 9002 0261 161 226l zo6l z'98l 8'€8l 608l g'8LL €LeL 6Z€L
uopel aunejse wnjuojod yinwsiq pes| wnijeyy Ainosew plob wnuneld wnipul wniwso wniuays ua)sbuny wnjejue) wnjujey wnueq wniseed
uy W od S| ad 11 BH ny id I SO 9y M el H sploueyue| ed SO
98 a8 8 €8 z8 18 08 6. 8. 1L 9L 7 vL €L zL L1-1G 95 el
€lel 6921 9.2 81zl L'8LL 8viL v'ZhL 6201 7901 6201 1’101 - 666 626 16 688 9.8 §'s8
uouax aulpol wnunjey Auownue un wnipul wniwped Jan|Is wnipe|ed wnipoyt wniuayng wniauyoe} wnuapgAjow wnigoiu wniuoo.iz wnupk wnpuoss wnipignt
ax I al as us u1 PO By Pd Uy ny el O aN 1z A IS qy
S €5 4] K] 0$ 6 8y Ly of Sy 44 [ zy (34 or 6¢ 8¢ 1€
8'€8 6'6L 0'6L 6L 92L 169 ¥'59 G'e9 185 685 85 615 028 605 6Ly 0'st Loy 16
uoydAsy auiwoiq wnius|es olueste wniuewlsab wnyeb ouiz Jaddoo [@xo1u 1/eqod uod asauebuew wniwoJyo wnipeuea wniue} wnipueods wnioed wnissejod
M id E) sY 99 €O uz no IN 00 o4 Un 10 A\ 1L oS €D A
9 ge e €€ 43 Le o¢ 62 8z Vi 9z o4 ¥Z [X4 44 1z 0z 6L
6'6€ G'se 1°2€ 0le 182 02 o874 0'€z
uobue auuolyd anyns snioydsoyd uoolIs wniuiwnje N _\ —\ F O —\ @ w N © m .V MU wnisaubew wnipos
I 10 S d IS v BIN EN
8L L1 9L Gl vl €l 4" [
z0z 06l 09l 0vl 0zl 80l SSEwW ojwoje sAne|al 06 69
uoau auuon|} uabAxo uabonu uogJes uoloq aweu wnyjikiaq wniyy|
oSN d (0] N 0 d [oqwiAs olwoje od 1
ol 6 8 L 9 S Jaquinu ojwoje b I
(07 0L
wnisy uaboipAy >0!
oH H
4 I
8l Ll 9l 7 Gl 14 cl 4 l
dnoig

sjuawa|3 4o a|qe] dIpoliad ayL

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download

at www.cambridgeinternational.org after the live examination series.

NIOHVIN SIHL NI 31IdM LON Od

9701/44/0/N/25

© UCLES 2025



	Variant 41
	Variant 42
	Variant 43
	Variant 44

