] Cambridge Assessment
’ International Education

Cambridge International AS & A Level

CANDIDATE
NAME

CENTRE CANDIDATE
NUMBER NUMBER

0
®
iy
o]
N
o
N
W
o]
o

*

CHEMISTRY 9701/22
Paper 2 AS Level Structured Questions February/March 2024

1 hour 15 minutes
You must answer on the question paper.

No additional materials are needed.

INSTRUCTIONS

e Answer all questions.

e Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

e  Write your name, centre number and candidate number in the boxes at the top of the page.
e  Write your answer to each question in the space provided.

e Do not use an erasable pen or correction fluid.

e Do not write on any bar codes.

e You may use a calculator.

e  You should show all your working and use appropriate units.

INFORMATION

The total mark for this paper is 60.

The number of marks for each question or part question is shown in brackets [ ].
The Periodic Table is printed in the question paper.

Important values, constants and standards are printed in the question paper.

This document has 16 pages. Any blank pages are indicated.

DC (LK/SG) 347696/6
© UCLES 2024 [Turn over



2
1 Bismuth is an element in Group 15 of the Periodic Table.
(a) Bismuth has metallic bonding.

Draw a labelled diagram to show the metallic bonding in bismuth.

[1]
(b) Bismuth reduces water to form bismuth oxide, Bi,O5. A colourless gas that ignites with a
squeaky pop also forms.

(i) Construct an equation for the reduction of water by bismuth.

(i) Bi,O4 is a yellow insoluble solid that melts at 1090K. The molten compound conducts
electricity.

Deduce the structure and bonding of Bi,O,. Explain your answer.

..................................................................................................................................... [2]
(c¢) Bi,O4 can be used to form NaBiO;, as shown in equation 1.
equation 1 Na,O + Bi,O; + O, — 2NaBiO,4
(i) Deduce the oxidation number of Bi in Bi,O5 and in NaBiO,.
oxidation number of Bi:
iNBisOg v, iNNaBiO; ..o
[1]
(ii) Identify the reducing agent in equation 1.
..................................................................................................................................... [1]
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(d) NaBiO; is an oxidising agent with similar properties to KMnO,,.
Fig. 1.1 shows an example of the use of NaBiO, as an oxidising agent.

X Y Z

OH
o)
NaBiO, \”/ N )}\
_—
O H
OH

Fig. 1.1
(i) Explain the term oxidising agent.

(i) Compound X forms when methylbut-2-ene reacts with KMnO,.

State the essential conditions for this reaction.

(iii) Complete Table 1.1 to show what is observed when compounds Y and Z react separately
with the named reagents.

Table 1.1
reagent observation with Y observation with Z
Na,CO;(aq) no reaction

alkaline I(aq)

2,4-dinitrophenylhydrazine
(2,4-DNPH)

Tollens’ reagent

[4]
(iv) Construct an equation for the reaction of Z with NaBH,,.

Use [H] to represent an atom of hydrogen from the reducing agent.
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(e) NaBiO4 can be used to determine the concentration of MnZ*(aq). The ionic equation for the
reaction is shown in equation 2.

equation 2 2Mn?* + 5BiO;™ + 14H" — 2MnO,~ + 5Bi3* + 7H,0

A student uses the following procedure in an experiment.

¢ Add 100.0cm3 of a saturated solution of Mn2*(aq) to a volumetric flask.
+  Add distilled water to the flask to make a 1.00dm? diluted solution.

+  Titrate a 25.00cm?3 sample of the diluted solution with 0.100 moldm=3 NaBiO,(aq).

The 25.00cm® sample of the diluted solution of Mn2*(aq) reacts completely with exactly
21.50cm? of 0.100 moldm= NaBiO,(aq).

Calculate the concentration, in moldm=3, of Mn?*(aq) in the saturated solution.

Show your working.

concentration of Mn2*(aq) in the saturated solution = ............c.ccoeveveiveeeeeeeee. mol dm=3 [3]

[Total: 16]
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2 Chlorine, Cl,, reacts with many elements and compounds to form chlorides.
Table 2.1 shows information about some chlorides of Period 3 elements.

Table 2.1

Na Mg Si

formula of chloride

structure of chloride giant

bonding of chloride covalent

pH of solution formed
on addition of 6.2
chloride to water

(@) Complete Table 2.1. [3]

(b) When CI, reacts with cold NaOH(aq), CL, is both oxidised and reduced. The products are
NaCl, water and G.

(i) State the type of redox reaction in which the same species is both oxidised and reduced.

..................................................................................................................................... [1]
(ii) Identify G.

..................................................................................................................................... [1]
(iii) Write an equation for the reaction between CL, and hot NaOH(aq).

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

(iv) Describe fully what is observed when AgNO,(aq) is added to the aqueous solution of the
chloride of sodium, followed by dilute NH;(aq).
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(c) An excess of Cl, reacts with phosphorus to form PCl.

6

(i) PCl;is a simple molecule in the gas phase.

It also exists in a solid form as two ions, PCZ4+ and PCl;™.

Complete Table 2.2 to identify the shapes of each of these species.

Table 2.2
species PCig PCL* PCly”
shape tetrahedral

(i) PCI; reacts with J to form H,PO,,.

Identify J and state the type of reaction.

© UCLES 2024
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(d) ClL, reacts readily with propene to form K, 1,2-dichloropropane.

K can be used to form L.

propene K L
Cl Cl
N % -, )\
reaction 1 reaction 2 N
Cl
Fig. 2.1

(i) Complete Fig. 2.2 to show the mechanism for the reaction of CI, with propene in
reaction 1.

Include charges, dipoles, lone pairs of electrons and curly arrows, as appropriate.

S T
/C=C\ S ——— J— H_(l;_cl;_CH3
H CH, Cl Cl
Ci
Cl
Fig. 2.2 [4]

(ii) Identify the reagent and conditions for reaction 2.

(iii) Draw one repeat unit of the addition polymer that forms from L.

[1]

[Total: 18]
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3 Nitrogen, N,, is generally an unreactive molecule but it does react under certain conditions.

(a)

(b)

Give two reasons to explain the lack of reactivity of nitrogen.

N, can react with oxygen in an internal combustion engine to form a mixture of NO and NO,,
Fig. 3.1 shows a reaction scheme involving N,,.

(@)
2
reaction 1 N, » NOand NO,

H,0
reaction 2 NO, p products

unburned hydrocarbons
reaction 3 NO, » peroxyacetyl nitrate (PAN)

Fig. 3.1

(i) Write an equation to show the formation of a mixture of NO and NO, in reaction 1.

..................................................................................................................................... [1]
(ii) Give the formulae of the products of reaction 2.

..................................................................................................................................... [1]
(iii) State one environmental consequence of reaction 3.

..................................................................................................................................... [1]
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(c) The Haber process involves the reaction of N, and H,, to form ammonia, NH,.

A catalyst is used, which allows the process to be carried out at a lower temperature and
pressure.

Nz(g) + 3H2(g) = 2NH3(9) AH = -92kJmol™

(i) Use the information in (c) to complete Table 3.1.

Table 3.1
enthalpy change of
compound formation, AH,/kJ mol~’
N,
H,
NH,
[2]
(ii) Explain how the presence of a catalyst affects the reaction.
..................................................................................................................................... [1]
(ili) State and explain the effect, if any, on the rate of the Haber process as the pressure is
lowered.
..................................................................................................................................... [2]
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(d) The N,F, molecule has a double covalent bond between its nitrogen atoms. This consists of
a o and a t bond.

(i) Complete Fig. 3.2 to show the dot-and-cross diagram for N,F,,.

Show outer electrons only.

G-

Fig. 3.2
(2]

(i) Deduce the hybridisation of the N atoms in N,F,,.

(ili) Draw a diagram of the m bond between the N atoms in N,F, and describe how it
forms.

[Total: 15]
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4 Compound S is used in food flavourings. A possible synthesis of S is shown in Fig. 4.1.

P R S
HBr KCN in ethanol H*(aq)
/\/ —_ Q _— —_—
reaction 1 reaction 2 CN reaction 3 COOH
Fig. 4.1

(@) P, Q, Rand S show stereocisomerism.

Complete Table 4.1 by identifying with a tick (v) the type of stereoisomerism that each
molecule shows.

The type of sterecisomerism shown by Q is given.

Table 4.1
P Q R S
geometrical
isomerism
_ optlcgl v
isomerism
[2]
(b) (i) Give the structural formula of Q.
..................................................................................................................................... [1]
(ii) Name the mechanism in reaction 2.
..................................................................................................................................... [1]
(iii) Complete the equation for reaction 3. R is represented as C,HyCN.
CUHGON H s [1]
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(c) Compounds S and T react to form organic compound U, which has a single functional group.

S

COOH

Table 4.2 shows some data from the mass spectrum of U.

Table 4.2
peak relative abundance
M* 7.2
[M+1]* 0.55

(i) Use the data from Table 4.2 to show that U contains 7 carbon atoms.

Show your working.

[2]

(ii) Fig. 4.2 shows the infrared spectrum of U.

100

o

60
transmittance /%

40-

20+

0+
4000

LI DL B B B | T T T T T T T T T T T T T T T
2000 1500 1000 500

wavenumber /cm™1

—
3000

Fig. 4.2
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Table 4.3
bond functional groups containing the bond characteristic infrared absorption
range (in wavenumbers)/cm™"
C-0O hydroxy, ester 1040-1300
Cc=C aromatic compound, alkene 1500-1680
C=0 amide 1640-1690
carbonyl, carboxyl 1670-1740
ester 1710-1750
C=N nitrile 2200-2250
C-H alkane 2850-2950
N-H amine, amide 3300-3500
O-H carboxyl 2500-3000
hydroxy 3200-3650

(iii)

© UCLES 2024

Use Fig. 4.2 and Table 4.3 to identify the functional group present in U.
Explain your answer fully.
FUNCHIONAI GIOUD ... e e

EXPlANATION .o

[2]
T also has a single functional group.
Use the information in (c)(i) and your answer to (c)(ii) to identify T and U.
Draw the structures of T and U in the boxes.
T U
[2]
[Total: 11]
9701/22/F/M/24
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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 =6.022 x 1023 mol~’

electronic charge e=-1.60x10""1C

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 | ¢ =4.18kJkg 'K~ (4.18Jg7 1K)

© UCLES 2024 9701/22/FIM/24



16

- - - - - = = = - - - 08¢ o'Lee 0'zee -
wniouaime| wniegqou wniAsjepuUsW wniuwuay wnjuiejsuie wnjuiojed wnieyeq wnund wnouswe wnjuoynid wniunydau wniuesn wniugoejosd wnuoy} wniugoe
iy ON PN wH s3 jto) 3g wo wy nd dN n ed ylL oy splounoe
€0l colL Lol 0oL 66 86 16 96 G6 6 €6 6 16 06 68
0'GLL L'eLL 6891 €91 6'v9L G291 6851 €191 0'zst 051 - 244" 6071 Loyl 68l
wnnayn| wnigsepk wninyy wnigse wniwjoy wnisoidsAp wnigJe) wnjuljoped wnidoina wnuewes wnyyawoud wniwApoau wniwApoaseid wnuad wnueyjue|
n7 aA wl i3 OH Aa ql s3] n3 ws wd PN id Slo) e sploueyjue
VL 0L 69 89 19 99 G9 9 €9 29 19 09 69 89 1S
uossauebo auIssauua) WNLOWIBAI| wnIA0osoWw wniAose|) wniuoyiu wnoluiedod wniuabiusos wnnpejsuLep wnuauyew wnissey wnuyoq wniBiogess wniugnp wnipJopdayint wnipels wnouel)
6o sl AT oN 14 UN ud S| s@ N SH ug bs aa ™ sprouroe ey 14
8Ll Ll 9Ll Gl 41 el 41 L oLl 601 801 101 0L SoL ol €01-68 88 18
- - - 0602 ¢’ .02 ' ¥0C 9002 0.6l L'G6L z'z6l 2061 298l 8'e8l 6081 g8l €lel 6'¢cel
uopel aunejse wnjuojod yinwsiq pes| wnijley) Ainosew plob wnuned wnipul wniwso wnuays ua)sbuny wnjejue) wnjujey wnueq wnisaes
uy W od 19 ad 11 BH ny id 1 SO oy M el H spovequer | BG s)
98 G8 8 €8 z8 18 08 6L 8L LL 9L GL Y. €L L L.-1S 99 S
elel 6921 921 glzh L'8LL 8Ll veLL 6,01 901 6201 L'LoL = 666 66 2’6 688 9'/8 G'G8
uouax aulpol wnun|igy Auownue un wnipul wniwped Jon|is wnipe|ied wnipoyt wniuayng wnauyos} wnuapgAjow wnigoiu wniuod.iz wnupk wnpuoss wnipignt
ax I al as us uI sle} By Pd yy ny oL O aN iz A IS ay
S €9 s 4] 0s (514 87 VA% °14 514 144 154 44 A4 o 6€ 8¢ PAS
8'¢8 66. 06.L 6V, 9L 169 ¥'G9 G'e9 1'8S 6°8S 8'GS 6'vS 0'2s 605 [sWA4 08174 L'0v 1'6€
uoydAay auiwoiq wnius|es oluasle wnjuewJsab wnyjeb ouiz 1addoo [@xo1u 1/eqod uod asauebuew wiNIWoJyo wnipeueA wniuey} wnipueods wnioes wnissejod
)Y g SIS sy 89 eo uz no IN 0D o4 Uun 10 A 1L o8 ed M
9¢ Ge e €e ze 1€ 0¢ 62 82 12 *14 *14 i74 €C 44 ¥4 0z 6l
6'6€ G'Ge (4 o’le 1’82 0’22 eve oee
uobie |ulolyd anyns snioydsoyd uool|Is wniuiwnje N _\ —\ F O _\ @ w N @ m .V mw wnisaubew wnipos
Iy 10 S d IS v BN eN
gl Ll 9l Gl 14 €l 4% 13
20C 06l 091 oyl ozl 80l SSeuwl oluwoje aAnejal 06 69
uosu auuon|} uabAxo usbonu uoglea uoloq aweu wnijik1aq wniyy|
oN E| o} N o) g |oqwiAs olwoje og 1
ol 6 8 A 9 S Jaquinu ojwoye v ¢
(0874 0L
wnijay uaboupAy >0¥
oH H
4 L
sl | 4o | o | o | wn | e z ]
dnoug

Sjuawialg 4o 9|qeL dIpoLad 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.

9701/22/FIM/24

© UCLES 2024



