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1 Bim uthis an element in Group 15 of the Periodic Table.
(a) Bim uth has metallic bonding.

Draw a labelled diagram to B ow the metallic bonding in bim uth.

[1]
(b) Bim uth redue s water to form bim uth okde, Bi,O5. A 0 lourles gas that ignites with a
g uealk pop ale forms

(i) Cons rut an equation for the redut ion of water by bim uth.

(i) Bi,O5is a g llow ine luble s lid that melts at 1090K. The molten o mpound o ndut s
elet ric ty.

Dedue the & rut ure and bonding of Bi,O,. ER lain g ur ans er.

..................................................................................................................................... [2]
(c) Bi,O;a nbeus dtoform NaBiO,, as b own in equation 1.
equation 1 Na,O + Bi,O; + O, — 2NaBiO,
(i) Dedue the ok dation number of Biin Bi,O, and in NaBiO,.
oxidation number of Bi:
INBi,Og e, INNABIO; ..o
[1]
(i) ldentify the redut ng agent in equation 1.
..................................................................................................................................... [1]
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(d) NaBiO; is an ok dis ng agent with & milar properties to KMnO,,.
Fig. 1.1 b ows an ea mple of the ue of NaBiO, as an ok dis ng agent.

X Y 4

OH
O
NaBiO, \”/ . )J\
_—
O H
OH

Fig. 1.1
(i) Explain the term ok dis ng agent.

(i) Compound X forms when methy but-2-ene reat s with KMnO,.

State the es ntial o nditions for this reat ion.

(iii) Complete Table 1.1to b ow whatis obe re d when o mpounds Y and Z reat & parately
with the named reagents

Table 1.1
reagent obe ra tion with Y obe ra tion with Z
Na,CO,(aq) no reat ion

ale line 1,(aq)

2,4-dinitropheniy hyl raz ne
(2,4-DNPH)

Tollens reagent

[4]
(iv) Cons rut an equation for the reat ion of Z with NaBH,,.

Use [H] to repres nt an atom of hg rogen from the redut ng agent.

© UCLES 2024 9701/22/FIM/24 [TU rn over



PMT

4

(e) NaBiO; a n be us d to determine the o ne ntration of Mn2*(aq). The ionic equation for the
reat ion is B own in equation 2.

equation 2 2Mn2* + 5BiO,™ + 14H* — 2MnO,~ + 5Bi** + 7H,0

A s udent ue s the following proe dure in an ep eriment.

e Add 100.0m 3 of aa turated & lution of Mn?*(aq) to a @ lumetric flak

e Add dis illed water to the flask to mak a 1.00dm? diluted e lution.

e Titrate a 25.00m 3 a mple of the diluted & lution with 0.100 moldm=3 NaBiO,(aq).

The 25.00m 2 a mple of the diluted e lution of Mn2*(aq) reat s o mpletely with ea tly
21.50m 3 of 0.100 moldm= NaBiO,(aq).

Cala late the 0 ne ntration, in moldm=3, of Mn?*(aq) in the a turated & lution.

Show g ur work ng.

0 ne ntration of Mn2*(aq) in the a turated ® IUtION = ......cocovevvieeeveeirceeee e, mol dm=3 [3]

[Total: 16]
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2 Chlorine, Cl,, reat s with many elements and o mpounds to form b lorides

Table 2.1 B ows information about & me h lorides of Period 3 elements

5

b loride to water

Table 2.1
Na Mg Si
formula of b loride
& rut ure of b loride giant
bonding of b loride 0 a lent
pH of & lution formed
on addition of 6.2

(a) Complete Table 2.1.

[3]

(b) When CI, reacts with cold NaOH(aq), CL, is both ok die d and redue d. The products are

NaCl, water and G.

(i) State thetp e of redox reat ion in whibh the a me p et es is both ok die d and redue d.

(i) Identify G.

(iif)  Write an equation for the reat ion between CL, and hot NaOH(aq).

(iv) Des ibe fully whatis obe re d when AgNO,(aq) is added to the aqueous e lution of the

b loride of & dium, followed by dilute NH,(aq).
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(c) Aner s of Cl,reat s with phop horus to form PCi,.
(i) PClgis asmple molea le in the gas phas .
ltale ekssinae lidformastwoions PCl," and PCl .

Complete Table 2.2 to identify the B apes of eabh ofthese p eces

Table 2.2
p eces PCL PCL,* PCl~
b ape tetrahedral
[2]
(i) PC reat s with J to form H,PO,,.
Identify J and & ate the tp e of reat ion.
J [0 o) == (o3 (o] o [P
[2]
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(d) ClL, reat s readily with propene to form K, 1,2-dib loropropane.

Ka nbeus dtoformL.

propene K L
Cl Cl
N G ., )\
reat ion 1 reat ion 2 X
Cl
Fig. 2.1

(i) Complete Fig. 2.2 to b ow the meb anisn for the reat ion of Cl, with propene in
reat ion 1.

Int ude b arges dipoles lone pairs of elet rons and a rly arrows as appropriate.

H H T T
C=C — ——— H—C—C—CH,
H CH; Cl Cl
Cl
Cl
Fig. 2.2 [4]
(i) Identify the reagent and o nditions for reat ion 2.
..................................................................................................................................... [1]
(iii) Draw one repeat unit of the addition polyn er that forms from L.
[1]
[Total: 18]
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3 Nitrogen, N,, is generally an unreat ive molea le but it does react under e rtain o nditions

(@)

(b)

Gie two reas nsto ep lain the lak of reactivity of nitrogen.

N, can reat with og enin an internal o mbus ion engine to form a mik ure of NO and NO,,.
Fig. 3.1 b ows areationb emeing vngN,.

o
2
reat ion 1 N, > NO and NO,

H,0O
reat ion 2 NO, » produt s

unburned hyg roa rbons
reat ion 3 NO, » perog e ty nitrate (PAN)

Fig. 3.1

(i) Write an equation to B ow the formation of a mik ure of NO and NO,, in reat ion 1.

..................................................................................................................................... [1]
(i) Gie the formulae of the produt s of reat ion 2.

..................................................................................................................................... [1]
(iii) State one envronmental o ne quene of reat ion 3.

..................................................................................................................................... [1]
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(c) The Haber proe s ino le s the reat ion of N, and H, to form ammonia, NH,.

A a talg is us d, whib allows the proe s to be a rried out at a lower temperature and
pres re.

N,(g) + 3H,(g) == 2NH,(g) AH =-928 mol

(i) Us the information in (c) to o mplete Table 3.1.

Table 3.1
enthalpy b ange of
0 mpound formation, AH,/kJmol~
2
2
NH,
[2]
(i) Ep lain how the pree ne of aa talg affet s the reat ion.
..................................................................................................................................... [1]
(iii) State and ep lain the effet , if any, on the rate of the Haber proe s as the pres reis
lowered.
..................................................................................................................................... [2]
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(d) The N,F, molea le has a double o & lent bond between its nitrogen atoms This 0 ng & s of
a o and a xt bond.

(i) Complete Fig. 3.2 to b ow the dot-and-tc os diagram for N,F,,.

Show outer elet rons only.

G-

Fig. 3.2
[2]

(i) Dedue the hp ridia tion of the N atoms in N,F,,.

(i) Draw a diagram of the w bond between the N atoms in N,F, and des ibe how it
forms

[Total: 15]
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4  Compound Sisue dinfood flae urings. Apos bleg thessof Sish ownin Fig. 4.1.

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

(@ P,Q,RandSh owst erecie merim .

Complete Table 4.1 by identify ng with a tik (v) the tp e of & ereoie merim that eahb
molea le B ows

The tp e of 6 erecis merim B own by Q is gie n.

Table 4.1
P Q R S
geometria |
i® merim
optical
i® merim /
[2]
(b) (i) Gie the & rut ural formula of Q.
..................................................................................................................................... [1]
(i) Name the meb animn inreat ion 2.
..................................................................................................................................... [1]
(iif) Complete the equation for reat ion 3. R is repres nted as C,H,CN.
CaHGON F o [1]
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(c) Compounds S and T reat to form organic o mpound U, whib has a & ngle funt ional group.

S

COOH

Table 4.2 B ows 8 me data from the mas spet rum of U.

Table 4.2
peak relatie abundane
M* 7.2
[M+1]* 0.55

(i) Use the data from Table 4.2 to B ow that U o ntains 7 a rbon atoms

Show g ur work ng.

[2]

(i) Fig. 4.2 k8 ows the infrared p et rum of U.

100

o

60
transmittance /% -

40

204

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 funt ional groups o ntaining the bond b arat eris ic infrared abe rption
range (in wae numbery /m 1
C-0O hg roy , ek er 1040-1300
c=C aromatic o mpound, alk ne 1500-1680
Cc=0 amide 1640-1690
a rbony , a rbok 1670-1740
et er 1710-1750
C=N nitrile 2200-2250
C-H alk ne 2850-2950
N—H amine, amide 3300-3500
O-H a rbok 2500-3000
hg roy 3200-3650
Use Fig. 4.2 and Table 4.3 to identify the funt ional group pres ntin U.
Explain g ur ans er fully.
L8 Lol (] 0 F= U e | (0] U o RO P PP PPPPP
(<) < QN F= 1 F= (o] [T PP PP TTPPPP
[2]
(i) T ale has a s ngle funt ional group.
Ue the information in (c)(i) and g ur anw er to (c)(ii) to identify T and U.
Draw the & rut ures of T and U in the bog s
T U
[2]
[Total: 11]
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Important values, constants and standards

molar gas o ns ant R =8.31JK1mol!

Faraday o ns ant F =9.65 x 10*Cmol~

Auv gadro o nb ant L =6.022 x 1023mol!

elet ronic b arge e=-1.60 x 1071°C

molar @ lume of gas Vi, = 22.4dm3mol1 at s t.p. (101R a and 273K)
V,,, = 24.0dm3*mol~! at room o nditions

ionic produt of water K,, = 1.00 x 10"1*mol?dm™® (at 298K (25°C))

p et fic heat a pat ty of water c=4.184k g 1K1 (4.18Jg1K)
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