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1 Manganese, Mn, and.its compounds are widely used in many chemical reactions.

{(a) Mn-is.usually found as a single isotope, manganese-55.

(i) Determine the number-of protons, neutrons and electrons in an atém of manganese-55:
‘numbert of protohs D‘B neutrons ..., 2.0..........electrons ... 3=5......... .
(i) Define isotopes.

o

(iii) A sample of manganese from the Moon is found to contain manganese-53 in addition fo
manganese-55.

State the two pieces of information-needed to determine the relative atomic mass, A, of
manganese.in this sample.

[2]
(b) The shorthand electronic configuration of manganese is [_Ar],-3d5 452,
(i) Complete the full electronié configuration of manganese.
% , b . ,
RS SN 5 (- TS A T 11

(i) Deduce the total number of unpaired-electrons in an atom of mariganese.

I  ©UCLES 2025 @ 9701/22/0/N/25 ' N I
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(c). Manganese(IV ) oxide reacts with methanal, ‘CH;0, in. agidic- conditions to produce .carbon
dioxidé. The movement of electrons to or from relevant species is shown |n the following

half-equations.
haif-equation- 1 - CH,0 +H,0 = CO,+ 4H™ + 4e~
" haif-equation 2 MnO, + 4H* + 2~ > Mn?* + 2H,0
(i) Identify the species that'is reduced in half-equation 2. Explain your answer.
....... Lo T e&w&e&%;*ﬁox‘&a&ﬂmﬂwmbu
..&.&g!.&M@éL....$ .................. T A 2.0 S [1]

(ii). The oxidation state of carbon.in- methanalis 0. -

Calculate the oxidation state of carbon'in carbon dioxide.

S . SO 1]
{iii) Construct the -ionic equation for the reaction of manganese(IV) oxide with-fnethanal in
acidic conditions.
x = >t
MWD + 24 —>  Mn + M ;.O 12]
............... R S

[Total: 10]
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The Period 3 elements show trends in physical and chemical properties across the period.

{a) (i) Explain why the elements Na to Al are good electrical conductors.

2 1
e

(ii) Expiain why the elements P, S and:CI do not conduct electricity.

melting
point/K

Fig. 2.1

The Period 3 elements Si to Ci are all non-metals.

Explain why there is a large difference between the melting-point of Si and the melting peints
of P, S and ClL

| ‘@ UCLES 2025 % 9701/22/0/N/25 I
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(c) Table 2.1 gives some information about some Period 3 chlorides.

424

-

Row B refers to the pH of the Solution that forms when theé Period 3 chioride is added to

i water.
‘ Table 2.1
i _ » ‘
! “formula of Period 3 chloride | NaCt MgClL, | AICL | SiCl, PG,
: oxidation number of . -
A element-bonded to CI +\ | + +3 +4 +6 4
% B pH of solution T .65 66 3 .
- — T [T [ | Cc I C. 1,

§ C bonding , e | s | iONiC | govetod] eoueded
| D truct AA | giant S
i structure /\/\ /\/\ gian S x

Complete Table 2.1.

You may use the following abbreviations.

I = ionic, C = covalent, M = metallic

i G =giant, S = simplé
I -

| . - [4]
: (d} (i) Write an equation for the formation of AlCL; from its elements.

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

»
‘;%
-+
i
>
er
1
g
=
Q
w
h
£
'

§ (e) S,CLl) reacts with CLy(g) in a reversible reaction to form SCL(l). Under certain conditions, a
dynamic equilibrium is established.

S,CL(1) + CL{g) = 28CL) AH = —=41kJmol-1
(1) State what is meant by dynamic equilibrium.

e vede. nds: fovwm&nveq&m;seouv\mﬁh o

..... rermssansanany

(ii} Identify the condition necessaty to establish dynamic equilibrium.

| © UCLES 2025 %g% 9701/22/0/N/25 [Turn over
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{iiiy S,CL() isyellow and SCL(l}is red.

© 8,CL():+ Clyg) =25CL() - AH= <41 kJmel!

. State what is observed when the following changes are made to an-equilibrium mixtdfe
of 8,CL (1) and SCL().

Explain your answers,
*  The equilibriurh mixture is warmed gently:

Yelow eolowr -{?’fu genes .

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

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

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

(f)y Aqueous MgCl, reacts with aqueous N&,CO;, to form a white precipitate. Upon heating, the
white precipitate undergoes thermal decormposition. :

{i). .Construct an equ‘aﬁoh {o show the reaction of aqueous MgCl, with aqueous N&a,CO,.
Use state symbols in.your.eguation. . o ‘ ' -
d4 Dy o2t MacOs T
Ma zcw)*'Nc\»LO;mwQNQ&&%‘;MZ@C«%W [2]

(ii) Identify-the:products, of the thérmal decomposition of the white-precipitate.

.......... M 3"'(30;, o0 M]

T E TP T TP R PRSP T AT STV R PR RYEPEPETERR SRR o b P T T e R LRy ]

(iii) ~ State the trend ini-thermal stability of the Group.2 carbonates down the group..

ST \ hcve%%cpowvxﬂ-eamw(:w‘” ........... Ceververeeee 1

[Total: 20]
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The alkanes are a homologous series of organic molecules. Alkanes are generally unreactive and
are commonly used as fuels.

(a)

(b)

(c)

(d)

Define homologous series.
o gvow( 1
.................... «&avgm;c.mui’eudeaml—ksM

Give two reasons to explain the general unreactivity of alkanes.

1. They . owe... 00 polew ... W Cer S S Ml LR ke L AL
2....5’:?(.%.3 ....... ... bow»cg-(scdmnboncj&) ...................................

Alkanes with low relative molecular mass, M,, are more useful than those found in heavier
crude oil fractions.

Name the process that is used to obtain alkanes with low M, from heavier crude oil fractions.

Hexane, CBH1 4 has four structural isomers.

Fig. 3.1 shows hexane and two of its structural isomers.

hexane A B C D

Fig. 3.1

(i) Complete Fig. 3.1 by drawing structures for C and D, the other two structural isomers of
hexane. (2]

(ii) A, B and hexane have different boiling points.
Arrange A, B and hexane in order of increasing boiling point.

Explain your answer.

vy
lowest .......... B ..................... - R % N el <..hotenmne highest
[3]

I © UCLES 2025 @ 9701/22/0/N/25 I
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{e) Hexane can beé.converted into compounds E and F at high temperature.and pressure. Fig. 3.2
shows the reaction scheme involving hexane, E and F,

/\/\/
AH =+215 kJ rol™? AH,
reaction 1 reaction 2
E F
-

reaction 3

Fig. 3.2.
(i) Identify a suitable reagent for reaction 3.
Hz.&g) ........... *ﬁ ...................................................................... [1]
(i} Use the data in Fig. 3.2 and in Table 3.1°to ¢alculate the enthalpy change of reaction 2,
AH,,
Table 3.1
enthalpy change of

compound formation, AH/kJmol™

~156

= -156
Ay = W3 -]

=> -3
= ~log + A5 ~
- (o7 AHy = e XN kJmol! [2]
(iliy Write an equation for the complete combustion of hexane.

19

[Total: 14]
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Fig. 4.1 shows how propane C;Hjg, can be converted to propanocic acid, CH,CH,COOH.

reaction 1 reaction 2 reaction 3
CgHy —— CH3CH2CHZCZ —» CH,CH,CH,O0H ———— CH,CH,COO0H

Fig. 4.1
(a) Reaction 1 inFig. 4.1 takes place in the presence of sunlight.
C4Hg + Cl, - CH,CH,CH,CI+HCI
The reaction takes place via initiation, propagation and termination steps.
(i) Name the mechanism shown by reaction 1.
.................... T vamodhmx 1]
(ii) Complete the mechanism for reaction 1.
Construct equations to describe the steps of the mechanism.

initiation Cl 2C1
2 "

termination ...... Q .3..\.'.\.7. ...... t CL ................................ VA - CH,CH,CH,CI
[3]
(iif) Reaction 1 is initiated by the bond fission of Cl,.
State the type of bond fission shown in the initiation step.
. o
....................... Nt NN N 1 }
(iv) Compound Q is a by-product of reaction 1.
Q
T Ci H
H—C—C—C—ClI
L]
H H H
Name Q. o
............. \;l‘olxﬁ\\lovoeroqme [1]

o

I © UCLES 2025 ] 9701/22/0/NI25 I
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{v}). The molecular-formula:of Q;is C,, HGCI B . K

tdentify the types- of strictural isorherisim and ‘stérecisomeri§m: that; a. molécule with:
molecular formula C;H,CL, can show.

type of structuralisomerism ... LOSLR O BT N

type of sterecisomerism V\OV\Q- ................

(b) State the reagent and so]vent reqwred for reaction 2.
....................... °\| QOMNQOH ...... /L\f\ ..... W"J‘e”w’? .................. i .

(c) Reactlon 3 takes place when CH. CH20H20H is. heated under reflux with acidified potassmm
dichromatg(VI) so[utlon

‘(:) State the colour'change that takes place in the reaction mixture.
tnadiararnanay g :. .......... O..\‘:m%g ...... 'i-.o ....... 8. “ ............... ::::‘fi .......... Serarrrsnsseriaaay Grsunanas ana [1]»

{ii) Construct anequation to represént reaction: 3. Use [O] to. represent an atom ‘of oxygen
from the-oxidising- agent

.....C.H.acmculoa X amoz————ecu;cuacoouw 1

I ‘© UCLES 2025 % 9701/22/0/N/25 [Tutn over I
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(d) CH,CH,COOH reacts with an unsaturated alcohol R to form unsaturated ester S.

(i) State the type of reaction that forms S.

(ii) The infrared spectrum of S is shown in Fig. 4.2.

100

transmittance/% 50-

4

P
([ TR - L PRI VLW Y £ Ty %5o) R & ol 018 SIREE— e Sty U EINTCO0 M L1 S
4000 3000 2000 1500 1000 500
wavenumber/cm™!
Fig. 4.2

Three absorptions in the infrared spectrum in Fig. 4.2 confirm that S is an ester and is
unsaturated.

*  Write 1, 2 or 3 on Fig. 4.2 against each of these three absorptions.

* Complete Table 4.1 to show which bond is responsible for each absorption that you
have identified in Fig. 4.2.

Table 4.1
absorption 1 2 3
bond responsible | C—=0O c=0 (=C
(3]
o o v

I © UCLES 2025 ﬁ 9701/22/0/N/25 I
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Table 4.2

bond

.characteristic infrared absorptiontange

| funictional groups containing the bend: ~ (inwavenumbers)/ em-"!

hydroxy, ester. ' ~ 1040-1300

c=C

‘aromatic.compound, alkene © 1500-1680

C_=O-

. amide ‘  1640-1690
carbonyl, carboxyl. k 1870-1740
| ester ' 1710-1750

| c=N

nitrile . - ' - ' 22002250

alkane - '285-0—-_'2\945'0,_

N-H

| amine, amide ' 3300-3500

O=H

| carboxyl ‘ o ' - 2500-3000

(i)

I; ® UCLES 2025

'hyd‘rcxy> o o . o B 320{)—3650

The mass spectrum of S.shows the foliowing peaks.

Tablé 4.3

peak - relative abundarice |
M 47
IM+T* E 0.31

Use Table 4.3 _to.‘c\a!bulaté the number of carbon atomsin S.

[Total: 16]
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; ' - |nipoﬁéht values, cénstants and standards
molar gas-constant - |R=831JKmort
Faradayconstant ~ |F=9.65x104Cmol™
Avogadro constant - |L=6.02x16%mol-!
. élec;tfonig: charge o |e=-1.60x107"8C
; molar volume of gas V= 22.4dmP3miol! at s.t.p. (101 kPa and 273K)
g | o . |V, =24.0dm3mol™! at room conditions
ionic product of water K,, = 1.00 x 10~"4mol2dm-® (at 298K (25°C))
specific heat capacity of water | =4.18kJkg™ K~ (4.18Jg7 'Ky
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