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" o e nmone exofermc
1 (a) The solubility of the Group 2 hydroxides increases down the group. e \/Cﬂu@ - e

/
Explain this trend. wore “eolull@

7.?ﬁ.?%?ﬂb%j.,.9?.@%4.0....#%@,,_3mup._...%nﬁm.l.p%.&hqm...;c% larttice e

..................... 20 {/
O”OZ@MWMP ..... 57& demﬁ?@m become  Loce |

'—T —
%QCO H} ¢ e )
ed ~ (&) —> Pef
. I%IJ{Y}CF{I)JCOJP) The solubilit fBe(/OI-_T)2 in water is 2.40 x 10°gdm= at
Dl

298
(i) Write an expression for the solubility product, K, of @nd state its units.
TBo [ Oh-T
K = [BQ/ [ OH j (,gOé -3
-2 vo = U0 n
mo L olm X (VVZOLC@@ units =AY S TN _

~6b ma ts
(ii) Calculate the numerical value of K for H), at 298K. 0? %X 10 —

> comueﬂfgolubim?j FXDWL ﬂOQ oldln™ >
5 -Syce yatio (<2 e%mHD

(c) Be(OH), isgol

ous solutions containing an excess of hydroxide ions and forms the
compleXi e
*

his complex ion has a similar shape to that of [CuC1,]*~.

(i) Define the term complex ion.

k molecule or ion ;ﬁormgca central medor|

(ii) Draw a three-dimensional diagram to show the structure of the complex ion [Be(OH),]*~.
Name the shape of the [Be(OH),]>- complex ion.

OH 4 lioonele 3o JC@)H%MQJMZJOX
| S ve PMWW%) ctat

- as Ul Wﬂﬁ@w
w07 b P4
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(d) (i) Explain why transition elements can form complex ions.

Empty ol -orbitale W e elements allow them

(ii) Complete Table 1.1 to show the coordination number of each metal ion, and the shapes

and overall polarities of the complex ions listed.
LY SOV numb ey @:E tpoy/,\@/’g

. pL . Table 1.1 Z

% % O complex ion shape Fordination polar or Oﬂ, ©(
number non-polar — j
0]
Ll /\_QLS-[Pt(HZNCHZCHzN H,)Cl,] | square planar 4 PD 1 a Y/
[Ag(NH,), Lineay
[Fe(C,0,),]* ockahedhal

dirg \Q&mc@,f/ out- @
The eguilibrium conebarded the Lormation of

(e) (i) Define stability constant, K.

............................................................................................................................. [1]
(ii) Nickelcanformcomplexeswith t%nds en,H,NCH,CH,NH,,and tn, H,NCH,CH,CH,NH,,

as shown.

equilibrium 1 [Ni( en = [Ni(en),]** + 6H,O K, =6.76 x 10"

equilibrium 2 )W + 3tn = [Ni(tn).”* + 6H,0 K, =1.86 x 102

S

n for the stability constant, K, for equilibrium 1.

¢ SR CUN T

anit &
- | 5\5 -2
L= (ol ol e o ol Zolm

| e O T S s = TIOL OM
[en]? (m-otdm) canel 2

(iii) Describe what the K, values indicate about the position of equilibrium for equilibrium 1
and 2. Use the K, values to deduce which complex, [Ni(en),]** or [Ni(tn),]**, is more
stable.

Dot Qﬁ/,@ ibvioe Lie 4o e v

K moye, Stable

Ktab =

S

[Total: 16]
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2 (a) Explain why transition elements have variable oxidation states.

Eloctrones have <imilar @ne,v_j{eg in  4e and

.............................................................................................................................................. [1]
(b) Sketch the shape of a 3d,, orbital.
z
’ X QG
i\é (1]
(c) E)fglain why transition elements form coloured co :
..... he. d oy bitale of tansigQ¥” element <plit intp
wo tors oL ok PO precence o liegnde
______ Electione ate promdefct to hioher energy
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(d) Aqueous solutions of copper(Il) salts contain [Cu(H,0),]** ions.
Equilibrium 3 and equilibrium 4 show two reactions of these ions.
equilibrium 3 [Cu(H,0);]*(aq) + 20H(aq) = Cu(OH),(s) + 6H,0(l)
equilibrium4  [Cu(H,O),J*(aq) + 4NH,(aq) = [Cu(NH,),(H,0),]**(aq) + 4H,O(l)
(i) State the colour of Cu(OH),(s) and [Cu(NH,),(H,0),]**(aq).
colour of CU(OH),(S) wrrr... fme ...... b![’(@ ...................................................................

(o] (oW e} i (OFUT{\N T T Y (o @ T =T ) e e eSO

(ii) Use Le Chatelier’s principle to explain why a precipitate is formed when NaOH(aq) is

added dropwise to [Cu(H,0),**(aq).
[t ncyeqeee Concenkration @M

............................ ‘ [1]
> 2 0 move m{mo@@lm tote
a [Cu(NH,),(H,0),1>" “‘;ﬁ nole,

o stereoisomers. — OQH mono 6’{\/1(&7(JKi
ZMJO(M SO ¢le-NANg

AN+,
H)O\ |7 NH,
cu”
b N 4 ‘ Az H, O
2 N He
jCdeg
(2]
[Total: 9]
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(ii)

(iif)

© UCLES 2022

Define first electron affinity.

_____ 2 mmo‘ﬂmﬂ]@wmmzw&# electrone

The first electron affinity of an atom is usually an exothermic process, whereas the second

electron affinity is an endothermic process. 6305(]6 fue, Wﬂ/‘eﬂﬁ @(JEJC Ya C{'$
Suggest why. V\@%O( Hie. € IQ c tvon

Ener & 7e ‘n/eo/ to overcome ve puleion

...................... n_ the

value/kJ mol™

+131

+906

+1733

-208

lattice energyAHY,,, of zinc iodide, ZnI,(s) ' —2605
first ionisation energy of iodine +1008
second ionisation energy of iodine +1846
I-I bond energy +151
enthalpy change of sublimation of iodine, I,(s) — 1,(g) +62

9701/42/M/1J/22
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Calculate the first electron affinity for iodine. Use relevant data from Table 3.1 in your working.
It may be helpful to draw a labelled energy cycle.

Show all working. ~ ,
—208=13)+ W6+ 173>+ 62

y Q¥ FIST+AX = 5,0€
‘ney .
A - — = - - - <
f N ;Ltfo?( Dy = 208 — 27
. 72> 75\ o Zn lﬂ? e
n o) -
2y ,aq) —Abb 2
T2 To é(»
— L/
Zneot La© O
' 292

Y first electron affinity = T T kdmol™" [3]

(c) Predict how AH},, of Cdl,(s) differs from
Place a tick (v') in the appropriate box i

AHP, of CdI,(s) is less
negative than AHP,, of Zn

of CdI,(s) is the AHP,, of CdL,(s) is more
e as AHp, of Znl,(s) negative than AH},, of ZnI,(s)

Explaineyour.an

..... Cd>* haPMoraer o, rocliys and some hare o
&haY@erMél%u ..... $mal(er/)flrb/a<ghombeéwem 1]
Coﬁl omoQ I’ . weaker [Total: 9]
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4 (a) Calcium carbonate decomposes on heating.
CaCO,(s) — CaO(s) + CO,(Qg)

Table 4.1 shows the values of the Gibbs free energy change, AG?®, for this reaction at various

temperatures.
Table 4.1
T/IK AG®/kJ mol™
1050 9.9
1085 4.3
1120 -1.3
1148 -5.8
1176 -10.3 o
Assume the standard enthalpy change, AH®, and the staw I change, AS®, for this
reaction remain constant over this temperature range. \
(i) Use the data in Table 4.1 to plot a graph of AG T on the grid.
1l2.5
\ T~
10.0 \
7.5
5.0
AG®/kJmol' 29
D
0.0 , 10€ : TIK
1040080 1080170 1100 M 1140 1160 1180 1200

[2]
(ii) Calculate the gradient of your graph. Determine the AS® in JK='mol™ for this reaction.

Show all working. Y= G xe T me —AS o =ANIT

j:mX‘/’C/
Al = “TASHA H AS®= ... 60 JKmol [2]
— - . Ty -
me —S€ - h 0 kTK ol = 1603 K mol
(14% — 1050 m= —AS
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(b) Group 1 hydrogencarbonates, MHCO,, decompose on gentle heating to give the corresponding
metal carbonate, carbon dioxide and water vapour.

(i) Write an ionic equatlon for the decomposition of the hydrogencarbonate ion.

(i) The thermal stability of Group 1 hydrogencarbonates increases down the group.

Suggest an explanation for the trend in thermal stability of the Group 1 hydrogencarbonates.

...................... dowon _the gx f radius ot cation increaies
o altralion And.. S0 j@..,@é@nsz .................. olderoases. Poawﬁomcﬁ ......

bbobween i3 AL LA -
N o d ... wQakQW@O& ........................................................... @ ........................ 2]

#0045~ ole tyeacen
(c) The buffer system in seawater contains a mixture of HCOZ. ,CO,.

equilibrium5 H,CO, + H,O = HCO ‘&

(i) Define a buffer solution.

A eoluFion which rg
when  amall

(iif) Construct two equati how equilibrium 5 acts as a buffer solution.

HC 0y — > [y (02

(iii) The [HCO,]

Calculate the pH of this sample. H (0, — H+ + HC OBF\
[PK,: H,CO,, 6.35] >
| = Koo X [/p’ L0 h&

_ (gt - K
= (wtfueos | L oy

,] ratio in a sample of seawater is 14.1.

[ Ha C0a') (=T 47310 L 3 17x10°
K= 10 pl;“gg [Hate) o g 41
-0 [HCO_QP] 141 oH= o S 3]
= 4 47 —1 + otal:
4. 47x10 pH:FIOﬁﬂ& 1 . [Total: 14]
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5 (a) Complete Table 5.1 to predict the substance liberated at each electrode during electrolysis of
the indicated electrolyte with inert electrodes.

Table 5.1
electrolyte substance liberated substance liberated
at the anode at the cathode
PbBr(I) Br, Pl
concentrated NaCl(aq) C| 9 b
Cu(NO,),(aq) 0 o Cw

[3]

(b) An electrolytic cell is set up to determine a value for the Avog @ant L. The electrolyte
is dilute sulfuric acid and both electrodes are copper.
When a current of 0.600A is passed through the acid fo%M inutes, the anode decreases

in mass by 0.350g. C/OPPQY M@E&L ’l(/MYVl@ 2+b\j (D&}V\@@ Z
(i) State the relationship between the Farada nt, F, and the Avogadro constant, L.

........................................................................................................................ [1]
(i) Use the experimental informatio 'Qﬁata from the table on page 23 to calculate a
value for the Avogadro const C U-Cg) —s Cm%—g\ﬁ/) -'(-Qe,'—'
Show all working. % ? ol Cu/ ot 027”0[/ Q/_
| = e On lmole Q b@%}mo’l ?J
b0

30y 0 =1080C

-3
Xs /0354>»g§\m0 oD
m0[€9 Oi Cu onm@é UYW)

2,9~ D-0110>
Clix10" x2<= D
molze 5@ clecfvons = B

(080 _ 9 002

O 0I0L 22
2% Avogadro constant,

Cf/\avﬂe on one mole @ =

|- 9800%C
by 107

[Total: 8]
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6 (a) The reagent and conditions required for the nitration of benzene, benzoic acid and phenol are
shown in Table 6.1.
Table 6.1
compound reagents and conditions for nitration
benzene concentrated HNO,, 50°C, concentrated H,SO, catalyst
benzoic acid concentrated HNO,, 100°C, concentrated H,SO, catalyst
phenol dilute HNO,(aq), 20°C
Concentrated HNO, reacts with concentrated H,SO, to generate the electrophile NO,".
(i) Complete Fig. 6.1 to show the mechanism of the reaction between benzene and NO,".
Include all relevant curly arrows and charges.
NOp /6_\(_(\\ ®)
_I._
O Ay
Fig. 6.1
[3]
(i) Write an equation to show how H, generated.
H$Ozr~ + HT He SO+ a3
(b) Draw the major product mononitration of benzoic acid and of phenol.
major product fro acid major product from phenol
B 200 [ NO,
5 - 0
‘ ’ =
( aw\ O ) N . .
o | diretks K02\ qroup diracts
|t e o positons
nle fo dg&ﬂ)@ \ 6
le Y PR
S done 2/€ 2)4 /6
g)o&x
[2]
© UCLES 2022 9701/42/M/J/22 [Turn over
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(c) Compare the relative ease of nitration of benzene, benzoic acid and phenol.
Explain your reasoning; include reference to the structures of the three compounds in your
answer.

easiest least easy

Lome oy on O m phenol je d’OJOC,&JléQcO into %L@,

© UCLES 2022 9701/42/M/1J/22
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(d) The azo compound Congo Red is used as an acid-base indicator and can be made by the
route shown in Fig. 6.2.

In step 3 of this synthesis, compound Y reacts with compound Z. Compound Z is made from
compound X. Assume that the —SO, Na* groups do not react.

{QJZ(LLP X CiHiN,

/_l_> e
se I\ /
t MZN ©) () - N#,
KH O%NL

78
W/\Wle?(i mQ?fQ&\@Q b T V\W\bﬁfzfr N Yenmam té?mg r |
aEovIE I N @ow pow\d} S&A?av/obgofham

Y C,,HsNO,SNa
N&» ‘\b +
i =
- + = O n=n
oL CL
80, Not &
& step 3 COuP \V\é\} Y@()’L%
Congo Red

Fig. 6.2
(i) Suggest structures for compounds X, Y and Z and draw them in the boxes in Fig. 6.2. [3]

(ii) Give the reagents and conditions for step 1 and step 2.

An + toncentygted HCL + heot

[Total: 16]
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7 (a) State the uses of TMS and D,O in NMR spectroscopy.
™S ’(@ F@V en(e

D,0 2olvent .
................................... B s
N @ @ @ @ H 1 O gzD 1]
_9H NN 2 —C7CHy -CHy -CH 2 Ch3= CH, - G- CH, ~C
( 2 3 4 < i L2'_7> L‘D/l %lihe
- (L '\ltr)/&e}l'het ee isomeric ketones with molecular fi a C,H,,0 are: / %

e pentan-2-one p QH g@
pentan-3-one I
e 3-methylbutanone. W C — C/ C'/ H — C HB
2@
(i) Complete Table 7.1 to show the number of peaks observed in the proton ('H) NMR -
spectrum and in the carbon-13 NMR spectrum for each compound listed.

Table 7.1 e

K number of peaks observed in num aks observed in
etone ;
the proton ('H) NMR spectrum thé n-13 NMR spectrum
pentan-2-one 4 <
pentan-3-one 2 3
3-methylbutanone B c 4
o 2
(ii) State all the ketones wi ular formula C,H,,0 that have:
a doublet in thei ("H) NMR spectrum
...... S UL ANONC | e
s
asl g#?m t on ("H) NMR spectrum.
2o, bybanone and peakOn—a—one
([DI [c\3 [2]
)¢ — = @c~ ~Chy Gty CH o
]
t2)._/ b
~ OR o em
: ‘ . ie %m ek as O
2 18 QU eok 5 & 00 C] m
pea ped PQO&OW v Jbonded to no ok

svalet 0 doublet %
pdjocent adjprent C

O&@Y\/\ (S
hae no H ponded Lo Akt
ol roms atom

© UCLES 2022 9701/42/M/1J/22
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(c) Cortisone, C,,H,;Os, is a naturally occurring chemical that contains chiral carbon atoms.

cortisone (=0 yeofd(epa %'O
— W C—- ol ()M

hy O OH
o

=0 YQCKMCQJ o

OH OH-
- iS00l
—= _
07 )
edwed to e~ OH CaH24O¢
(=0 Fig. 7.1
(i) Deduce the number of chiral carbon atoms in one molecule of e
.............. 6‘ e [1]
) . . . > veopuuwj oCent
(ii) Cortisone is reacted with an excess of NaBH,. o reduce alkene
“ Yod U(EQ

(iii) Cortisone is an optically active mo&

ul
Explain what is meant by optic ive.

A aulsban ot e able to votate the

...................................................................................................................... [1]
0:?. [Total: 8]
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fhe stronger an add, te more easily & olicotiates to donate
w and gmm\?w rganic ocidte Mam vealoy O-H bond

8 (a) Compare the relative acidities of ethanol, ethanoic acid, chloroethanoic acid and phenol.
Explain your reasoning.

most acidic least acidic

..@27!.%?%.99?9% ....... %%.,K@n.s ..... OB

....... &mwea’m&«weake%@’“owo@tefa
g)h@mot vohich

. edomol ek emxf(/\emg O—H bovx

(b) An excess of ethanedioic acid, HOOCCOOH(aq), is reaa{\th warm acidified KMnO,(aq).

State the type of reaction undergone by ethanedioj
Describe what you would observe.

Write an equation for this reaction.
Your equation can use [O] j)r [H] as ne@

© UCLES 2022 9701/42/M/1J/22
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(c) A section of a polyester is shown.

polyester
|| | |
—O—CH, (|3H C—O0—CH,—C—O0—CH—C—
/ CH, CH,
Draw the structures of the two monomers that form this polyester.
[}
N
0 HO — CB — c—oIf
1
(]
s &
O
0 \/k H oo
[2]
(d) Serine can polymerise to form two different f condensation polymer; a polyester and a
polypeptide. g
(i
OH
H2(|3/ 0
/
L
o2 Fig. 8.2 Papﬁoﬂg bond

A
*
Draw the structur€™of the polypeptide showing two repeat units. The peptide linkage should be
shown displayed. H 9 H 0
, ' [l

‘_"_‘N’__C/"’ C— C - -~
1 / '
/
HO w0 2]

(e) Explain why condensation polymers normally biodegrade more readily than addition polymers.

Londenation poly mere tan e drolged

[Total: 11]
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9 The structure of cyclohexylamine is shown in Fig. 9.1.

cyclohexylamine

NH,

o@evm/; o ente
e QPLW\CQ/ 5/? H* bj No&mx@
tho u?my the' ¢
olenei Uj @x@a%&/ e Fig. 9.1 @/NHz
O(%YO{LJUOW NH2

(a) Compare the relative basicities of ammonia, cyclohexylamine and phenylamine.
Explain your reasoning.

...... Ql.Qh@xE]Lemm.@.. _Qmmonio ..h%mto'fmm e

most

Boei Upj

asic

© UCLES 2022 9701/42/M/1J/22
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(b) Cyclohexylamine reacts with ethanoyl chloride to form the corresponding amide, L.

L
o)
g
NH, HN” CH,
CH,COC!
B ———
Fig. 9.2

(i) Name the mechanism for the reaction shown in Fig. 9.2.

Adolition - elimination e
(ii) Complete the mechanism of the reaction between cycloh @ and CH,COCL
L/ 2 '}

R—-NH, is used to represent cyclohexylamine. \

Include all relevant lone pairs of electrons, curlc , charges and partial charges.

08, "o
Y ) 6
H,C C\ — i — — products

ot 3 !

l &
R—NH, Q R
Q [4]

e reaction yclohexylamine and an excess of CH,COCI forms compound M.
Comp?m molecular formula C,,H,,NO,.

&
Suggestand he structure of M N#=

uggest an e structure of M.
99 Q C i, (OLL

dawve as 0 O
|1 ]
par e A H;C - C — '\]]JC/_CH%

&

[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 =6.022 x 102 mol™

electronic charge =-1.60 x 10"°C

molar volume of gas V_=22.4dm>mol™ at s.t.p. (101kPa and 273K)
V_ =24.0dm*mol~" at room conditions

ionic product of water K, =1.00 x 107 mol?dm™ (at 298K (25°C))

specific heat capacity of water c=4.18kJkg"'K" (4.18Jg7'K™)

© UCLES 2022 9701/42/M/1J/22
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