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1. Copper(Il) ions form an aqueous complex ion, X, with chloride ions. =) C,(: R \_:(, ﬁ L L
')_-
Which statement about X is true?
A.  Xhas optical isomers WM
B X has a square planar shape -

L v} AR
€ X has the formula CuCl,* ( lj%aw\k W"‘“’y\
G
s
Wo-

@ X has a yellow colour

Your answer D
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2. Two tests are carried out on an aqueous solution of copper(ll) sulfate, CuSOs(aq).

Test 1: Addition of potassium iodide solution 72 y
Test 2: Addition of barium chloride solution —) T/ W ) 0‘[_ —) / WM/

Which of the following statements is/are true? ‘ I (,6“—‘30"4‘ ( a\)
wles ( Uty
/ 1: Test 1 produces an off-white precipitate and a brown solution.

\/2: Test 2 produces a white precipitate. QIY\' - ‘\W M ,

)(3: Te§t/1 and Test><2 are both redox reactions.

rle

2 - (
L2 and3 @ KM?Z(M}*M) #l oy vZ(M ) T )
Only 1 and 2 (,"‘A'\M f'{lj)
Only 2 and 3 - —
y D) Ba "y ¥ 30y ey 2 B0

Only 1
Y m ox. alas -
6 MWW

2 A® >

Your answer

[1]



OCR (A) Chemistry A-Level - Transition Elements PhysicsAndMathsTutor.com

3. A student carries out a number of experiments on transition metal compounds.

4.800 g of a green hydrated crystalline solid A are heated in a crucible to remove the water of
crystallisation. 1.944 g of water are removed to leave 0.0180 mol of solid residue B.

/-a Xesk Cer CU
TN
All of B is reacted with AgNOs(aq) to form 7.695 g of a white precipitate, C.
AgqCC
The green crystalline solid A is dissolved in water to produce a green solution containing a
complex ion, D.

Solid B contains 32.8%, by mass, of the transition metal.

When aqueous sodium hydroxide is added to solution of D, a grey—green precipitate, E, is observed,
which dissolves in excess aqueous sodium hydroxide to form a green solution.

(a) Determine the formulae of A, B, D and E.

()
é 0 Show all your working. ol x BF
§ 4. cas
.6

? _?____L - 0-05 362 e\ o ASC(

108+ 35S
l o-o0532&e <2 2 N

o -c(80 Py TS

a4 . O0- -4
o.-0\ 80

(58-17- (3S-©x3)=252.2 = Cr

:[S‘E._fgm" ()
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=6 wa ot M0
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(b)* Transition metal complexes often have different shapes and may form a number of stereoisomers.

Describe the different shapes and the different types of stereoisomerism found in transition metal
chemistry.

Use suitable examples and diagrams in your answer.

24 gt -
[ oM, OW o z
H Or l "'OH'L l

vt CU\'{? Cw

HLOO' EDH Oty H o\‘ A N OH,
L i r A OH'L
ocia hesdval —

e Rm Wwedurad

[6]
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4.  This question looks at ions and complexes.

(a)* You are provided with two boiling tubes containing solutions of the same ionic compound. The
compound contains one cation and one anion from the lists below.
e cations: Fe’', Mn®', NH,’

. -] - 2 o
e anions: CI,CO;7, S0,°
Solutions of common laboratory reagents are available.

Plan a series of tests that you could carry out on the samples to identify the ionic compound. Your
tests should produce at least one positive result for each ion.

For each test,
¢ include details of reagents, relevant observations and equations

e explain how your observations allow the ions to be identified.

You may include flowcharts or tables in your answer.

O desks andwudkd N Segouaae
‘001\‘1\!'% Ao >
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...... anion [ sese | pesoax
....... CQz.. Hl\ﬂz‘@@emem
..... ES YR B EX OO W SIS > = o
....... o BagNOg [ ke ek
......... PO S W T N g

X S?'F'T'H+'__-"’H2.Q’( ..... CQ=! LI; ........ [6]
SO 4+ B 5 RaSO4 CC tese

(b) The dissociation of water is measured by the ionic product of water, K,.. The value of K, varies with

temperature as shown in the graph below.

7.0

6.0 ! | !
| | HEHHLS
5.0 ! [ !
f | /
4.0 i .
Ky /=107 mol* dm™® | :/
3.0 : ;
T4 b - = f— - - ___/
2.0 ! !

1.0

0.0

T T T T
0 10 20 30 40 50 60

temperature / °C

Calculate the pH of water at body temperature, 37 °C.

2 407 1 Ww

\E’-"cxko"“' = ]:H*—l"-' |- S5XIQ
ek[ - '\03102H+‘1
?H: -“33(0 (.SS%\Q’—?:G‘%\ G -R)\

T

PH= cereereeee . 3]



OCR (A) Chemistry A-Level - Transition Elements PhysicsAndMathsTutor.com

(¢) A complex of cobalt has the following composition by mass:

Co, 21.98%: N, 31.35%: H, 6.72%: Cl, 39.75%

(i) Calculate the empirical formula of this complex.
20.a% . Bl TS £.72 . SAE
. - M el "
s& .9 | ¢ s~
c-3723 2.24 e-7¢ L1z
273 T 0-3;73 <2313
S empirical fc‘n'm‘iula = ..Cﬂh‘).@ﬂlﬁ:g% [2]
= | =6
(ii) The formula of this cobalt complex can be expressed in form [Co(L), ] (CI),
Suggest the chemical formula of [Co(L),J"". Soﬂ;i 3
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5. This question looks at properties of iron compounds and iron ions in different oxidation states.
[ e
(a) Fe’ and Fe' are the most common ions of iron. \Sz 2s? ZPG 35t 3P %!’ 2d

(i) Write the clectron configuration, in terms of sub-shells, for the Fe** ion.

q] led
1sizs?20% 252208, 3,,;_9;_‘:3_ ...................................... Rt o9y,

gd @ DED logitfs'c

(i) How many orbitals contain an unpaired electron in an ion of Fe*™?

(b) [Fe(H,0)]" ions take part in ligand substitution reactions. 2-
[Fe(cN)

An excess of aqueous potassium cyanide, KCN(aq), is added to an aqueous solution containing
[Fe(H;0)4]*" ions. A ligand substitution reaction takes place forming a complex ion that has a molar
mass of 211.8 g mol ™.

Write an equation for this ligand substitution reaction.

[Fe ca10) 13" s 6an. == [Fe Conde U 61,0

(¢) The complex ion, [Fe(H,0)s]*", behaves as a weak Bronsted-Lowry acid in aqueous solution. The
equation below represents the dissociation of aqueous [Fe(H,0)s]*" ions, together with the K, value.

[Fe(H,0)s]*'(aq) = [Fe(H,0)sOH]*'(aq) + H'(aq) K,=6.00 % 10~ mol dm™

(i) Write the expression for the acid dissociation constant, K, for [Fe(H,O0)s]*"

E[re (x,0)¢ C H] 2{3 CH * 1

o T C\"'—c (1,00 i( 3 .

(ii) Calculate the pH of a 0.100 mol dm solution of [Fe(H,0)s]"" to twe decimal places

EHafl & — o3Surre ZW(W O) OH_\& E\' 1

ua:&e (”10)9 i EH*—:&:\G’X\OP Pl 2 _'Ol ',o;mq-sa

K = -\0q,,10-0245 =1-61
- (0«3‘0 E“+17 pH 1 3 0( i j 5 4 —— 2]
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(d) Fe,O; can be oxidised by ClO™ ions under alkaline conditions in a redox reaction.

Unbalanced half-equations for this reaction are shown below.

Balance the half-equations and construct an overall equation for the reaction.

+ 27,0 3
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6. Hydroxylamine, NH,OH, is a strong reducing agent.
When heated in aqueous solution, NH,OH reduces Fe®" ions to Fe?' ions.
A student suggests the three possible equations for the reaction, shown below.

Equation1 NH,OH + Fe’' —— Fe* + %N, + H +H,0
Equation2  NH,OH + 2F¢’ ——  2Fe* + 4BN,O + 2H' + %4H,0

oS | - 3 — wolay vokio
Equation3 NH,OH + 3Fe’* —  3Fe* + NO + 3H'

The student plans to carry out an investigation to determine which equation is correct.

The method is outlined below. @

Stage 1 Using a pipette, add 25.0 cm® of 4.32 x 10 * mol dm * NH,OH to a conical flask.
Add 10 em® of 1 mol dm™ H,SOy to the conical flask followed by an excess of a solution
containing 0.0400 mol dm™ Fe’'(aq).

Stage 2 Boil the mixture for 5 minutes and allow to cool.

Stage 3 Titrate the cooled mixture with 2.00 x 10~ mol dm~ KMnOy(aq).

(a) Determine the minimum volume of 0.0400 mol dm * Fe**(aq) that the student should plan to use in
Stage 1.

Explain your reasoning.

4.32x\67% y 25‘)([6'3-: (.0¥X10 %ok oF NH,OH

l.ogX\O’g X 3 = 3-24 210" 2 ek ok Fe 3"

2.2¢ x> 3

o -84
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(b) In the student’s titration, 21.6 em’ of KMnOs(aq) is required to reach the end point.

The equation that takes place during the titration is shown below.
\ : = wolow yoho

MnO;(aq) + SH"(z.tq) + 5Fe’'(aq) — Mn’'(aq) + SFe*'(aq) + 4H,0(])
Analyse the student’s results to determine which of the three equations is correct.

Show all your working.

2(.6x10~3 b - i
C "X¥Ix(0™* = 432 %10 4m\ at MnQq

£.32 v\ o~ % ,LS:’Z_.lGX\O'BM o Fe =7

NﬂzO\“( ."Fe..'?'*'

7

[.OZX (O % ok
| o®*0 32 16 %077
VL2
o ooion 2 OY\\.»:») g LaEIN

Wi o .2 vokio at
N, O et

(¢) The student intends to repeat the procedure to check their results.

13

There is insufficient time for the student to repeat all three stages and the student decides to omit
Stage 2, the boiling stage. Unfortunately the resulting titre is much less than the original titre.

The student rejects the results from the repeated procedure.

(i) Suggest the purpose of the boiling in Stage 2 and reasons for the second titre being much less
than the original titre.

(e33 A1ON  kre ofigirod
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(ii) The main reason for insufficient time is the need to boil and cool the mixture for each titration.

Suggest how the procedure could be modified so that Stage 2 does not need to be carried out
repeatedly.

Give your reasoning.

END OF QUESTION PAPER
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7. What is the bonding between the ligands and the metal ion in [Fe(HZO)G]z*?

A Metallic
B lonic
C Hydrogen

D Dative covalent

Your answer

D

>

Leasa e ece o¢
recolsl  Avok
%o_,_ neess
IENODD QB0 gPus
[y Ja Wp. )

PhysicsAndMathsTutor.com

(1]
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8. Aqueous Cr3* ions are reacted with an excess of aqueous sodium hydroxide. OH-
.
Which product is formed? 3t PP
Cr -
A CrOH)* . [ (ﬁ‘LO)‘] t ggsﬁ?é nggzo),gm@ )
B Cr(OH), Cr (H,0) 3(01’03 + OH-%[Cv(OHk(Hp)ZF]
C [CroH)H,0, -  ¥(,O Wgordy  oue Sulos\whﬁgs_ﬂ
D [Cr(OH),J* by O™ e pyowee C o .

Your answer A [1]
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9. This question is about reactions of ions and compounds of transition elements.
(a) The flowchart shows reactions of the complex ion [Cu(H20)6]2+.

(i) Inthe boxes, write down the formulae of the species responsible for the observations.
S Quesw™on S
- degardank on YN
...&A..C.L.q, ................. re ook  levoo\eoa
yellow solution SO ik is Lo

Reaction 1 | HCl(aq) >
Qo>
[Cu(H,0)J?" NH,(aq) o
pale blue solution CUK(.OH.)Z .........
pale blue precipitate
Reaction 2 | Ki(aq) NH;(aq)
excess

....... G N . = S [Qu\@\w—ﬂ( ﬂu

white solid brown solution deep blue solutlon

[5]
(ii) Name the type of reaction for Reaction 1 and Reaction 2.

Reaction 1 \\8?-"0‘ ........ SO OON

Reaction 2
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(b)* A hydrated nickel(II) complex, A, is heated in a crucible to remove the water of crystallisation.
The anhydrous complex B is formed. The results are shown below.

woas ot h,(0¢

Mass of crucible + hydrated complex A =59.554g <9.g S4¢ -sg.eao
Mass of crucible + anhydrous complex B =58.6909 - o. B6%q
Mass of crucible =51.2579 pron3s of B-

S8.69-51.251=217.433 ¢,
The anhydrous complex B is analysed and found to have a molar mass of 309.7 gmol~! and

to contain the following percentage composition by mass:
Ni, 18.95%; C, 23.25%; N, 27.12%; H, 7.75%; Cl, 22.93%.
The anhydrous complex B contains a cation C comprising Ni, C, N and H only.

Cation C is six-coordinate, contains three molecules of the bidentate ligand D, and exists as
optical isomers.

Determine the formula of A, B, C and D and show the 3D structures for the optical isomers
of C.

Show all your working.
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10.  Which statement(s) is/are correct for the complex Pt(N H%@
@ One of its sterecisomers is used as an anti-cancer drug. TR o
/ It has bond angles of 109.5°. | ane \po-»é on N

/a/ It has optical isomers. & orded- M ~ O o GO-V‘A

1,2and 3 ‘

A
4 QLQ@Q!W WS
B Only1and2 2 oyoups . 2 oF eocon
C Only2and3 2y ek o SUNI-SSE
D Only1

Your answer D [1]
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11. This question is about some reactions of d block elements and their ions.

Table 21.1 shows standard electrode potentials which will be needed within this question.

,ogg-zn2*(aq + 2 = Zns) Eo=—g76v |Cell Ll
Cr*(aq) + e =  Cr**(aq) E®= 042V “’O‘i e
NiZ*(aq) + 2e~ = Ni(s) E®=-0.25V jor-
gpd’ L(aq) + 2e = 2Iaq) E® = +0.54V S
Y || Fet(aq) + e —  Fe?*(aq) E®=+0.77V a ;D(idahm
| Cr,0.2-(aq) + 14H*(aq) + 6e~ == 2CP*(aq) + 7TH,0()  E°=+1.33V
H,O,(aq) + 2H%(aq) + 2e~ = 2H,0(l) E®=+1.78V \7\
Table 21.1
gilled Rre ard
(a) Complete the electron configuration of /"> \ope Ak
aNiatom: 1s? _28%. 'Z-.pc 2 3?6 Sda
aNi2* ion: 1s? 2322»«?53;3239‘;3:!-3 2]

(b) Astandard cell is set up in the laboratory with the cell reaction shown below.

o pt electode

— .
Ni(s) + I(ag) — Ni®*(aq) + 2I(aq)
] @M e an echode _
(i) Draw a labelled diagram to show how this cell could be set up to measure its standard
cell potential,

Include details of apparatus, solutions and the standard conditions required.

N (s

Nl‘?.'l‘

Standard conditions \ L")

. [4]
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(ii) Predict the standard cell potential of this cell.
0-%4 - (~0.238) =07y
MOSt  posiive — WOSt maocb\“e

standard cell potential = - e O e V]

{c) Use the information in Table 21.1 to help you answer both parts of this question.

(i) Write lh overall equation for the oxidation of Fe?* by acidified H,0,.

'Zﬁ: —> 7Fe +2e-
O't tont x» 2 — 21,0
+ K 0q *+ ZHY v 25 — 'Z'F!.'. +,‘2-€"4'2f110
K:.O:. + 2 1 2Fe? —= 2Fe k20,0

(ii) Zinc reacts with acidified Cr,0,2 ions to form Cr2* ions in two stages.
Explain why this happens in terms of electrode potentials and equilibria.
Include overall equations for the reactions which occur.
cr?_o.,l' +. MH*‘ x. bRl > '?-Ct‘3"' A0,
3zn-r<:q1012+—1<&H++,6€-—>32.n2'*¢6€¢m?”

- AR O.

2o+ Cey s tqu*—- e 200 MO
Zn.m=. 205 1.2
?_CJ '3-!- e "'"ZC.-T ?.4- -
zZn..r2ee 3 +_,2'€ ——?"Zﬁu fr'}e" ¥ ?_Cr

O e-f?. O? 2
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(d)* Three different reactions of copper compounds are described below.
Reaction 1: Agqueous copper(Il) sulfate reacts with excess aqueous ammonia in a ligand
substitution reaction. A deep-blue solution is formed, containing an octahedral
complex ion, C, which is a frans isomer.

Reaction 2: Copper(l) oxide reacts with hot dilute sulfuric acid in a disproportionation
reaction. A blue solution, D, and a brown solid, E are formed.

Reaction 3: Copper(Il) oxide reacts with warm dilute nitric acid in a neutralisation reaction,
to form a blue solution. Unreacted copper(ll) oxide is filtered off, and the
solution is left overnight in an evaporating basin.

A hydrated salt, F, crystallises, with the percentage composition by mass:
Cu, 26.29%; H, 2.48%; N, 11.59%; O, 59.63%.
Identify C—F by formulae or structures, as appropriate.
Include equations, any changes in oxidation number, and working. [6]
24
1. Leu(f,0)g 120 2. AW =2 [Ca (M), (1,0) 1
X2 o

Lo [; C-t.-\. (N‘l&\ « L H,lo) 11*

= T L S

D (: %.30.4 .................. ECu
G OpidoREN slesey’ +1 —2.xX2..%.0.

Lun. 28622 L HL 2.8 N3 003263
635‘1‘1“6
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12.  This question looks at reactions of hydrogen peroxide and of cobalt(II) ions.
(a) Aqueous hydrogen peroxide decomposes as shown in equation 2.1.
2H,0,(aq) — 2H,0(l) + O,(g) Equation 2.1
The reaction is catalysed by manganese(IV) oxide, MnO,,.
A student investigates the decomposition of a hydrogen peroxide solution as outlined below.
*  The student adds 50.00cm?® of H,0,(aq) to a conical flask.

*  The student adds a small spatula measure of MnO, and quickly connects the flask
to a gas syringe.

*  The student measures the volume of oxygen every 200 seconds.

Results
Timels Volume of O,/cm?

0 0

200 15
400 28

600 36

800 41
1000 46
1200 48
1400 50

(i) Process the results as outlined below.

*  On page 5, plot a graph of volume of O, against time.
«  Use your graph to find the rate of the reaction, in cm3s~1, at t = 500s.

=8 S 5;(2N:>'g

Show your working on the graph and in the space below.
40-20 _ .\
— " O 042 codS
6 80 - 200

rate = ...... 064-'2_ ............ cm3s~1[5]
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(ii) The student allows the reaction in equation 2.1 to proceed until no more gas is evolved.
The volume of O, in the syringe is now 55cm3, measured at RTP.

Calculate the initial concentration of the H,0,. ?
Give your answer to two significant figures. \jd 'UJY\‘E’_ _ j
WOV

_ -3 oo
=72.2A4 X0 vk (‘Z.C%CCDCW\?)

SS

-—-—-—-F

24020 . s
2. 28 x\0"3 @W&Qf 5B %O 7w

(ot H"LO'L
-3 -3
| ‘Q &4.3% X\OZ = sOXx\O 3 = S-0A2 _,
initial concentration of H,0, = DOO‘Z’ moldm=3 [3]

(b) Hydrogen peroxide can act as an oxidising agent or as a reducing agent.

Some standard electrode potentials are shown below.

2H%(aq) + O,(g) + 2e~ = H,0,(aq) E®= +D.BBV@
H,0,(aq) + 2H"(aq) + 2e~ =  2H,0() E®=+177V
VO?*(aq) +2H*(aq) + e~ = V¥(aq) + H,0(l) E*®=1+0.34V
MnO, (aq) + 8H*(ag) + 5= =  Mn®'(aq) +4H,0() E®=+1.51V \7\
4—-7 —_—> A2 e NCHoN
Use this information to write an equation for a reaction in which hydrogen peroxide acts as a
reducing agent. Ox dv Sell{e A lo

5+ Oy —‘?G,%H*‘ 0., ke ?
I MnWOgq~ + BT A—@e —>)tmnt &R0

5H,0, + 2MnOg +A6H ¥+ 10" _;;frgm.ﬁ@&%%

5”10 J—ZMHOG‘. & QHJ" — 50 A 2M g
+ 3,0
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(c) Cobalt(Il) forms complex ions with water ligands and with chloride ligands.

*  With water ligands, cobalt(Il) forms a pink octahedral complex ion, [Co(HQO}E]-?*.
*  With chloride ligands, cobalt(Il) forms a blue tetrahedral complex ion.

A student dissolves cobalt(II) sulfate in water in a boiling tube. A pink solution forms.

Experiment 1

The student places the boiling tube in a water bath at 100°C.
Concentrated hydrochloric acid is added dropwise.

The colour of the solution changes from pink to blue.

Experiment 2
The student places the boiling tube from experiment 1 in an ice/water bath at 0°C.
The colour of the solution changes from blue to pink.

aord.  SuioSnrthon

N
(i) Write the equillbrium equation for the reaction that takes place when the colour of the
solution changes.

[co(10),]* 4 ac- = [Cot 1"+ 6M0m

(ii) Explain the observations and predict whether the formation of the blue colour is
exothermic or endothermic.

eauiliorom  Sweks  vignk. ok (007

ond. AR g2k OTC SO .

.. [2]
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13.

2
This question is about ethanedioic acid, (COOH),, and ethanedioate ions[(f)OO‘%

(@)

(b)

PhysicsAndMathsTutor.com

—

The ethanedioate ion, shown below, can act as a bidentate ligand.

O, (0]
‘Oj iO—

Fe3* forms a complex ion with three ethanedioate ions.

The complex ion has two optical isomers.
TACYON IWOR

In your diagrams, show the structure of the ethanedioate ligands and any overall charge.

O
\ 2- 4 3"
o O

Draw the 3D shapes of the optical isomers.

o o
o
~ 1 X6 o ? N mZ
‘ F e‘ ,/ — \\\
/ \ re

\b

EA!
K

o 3]

W/J\o ~

—

Ethanedioic acid, (COOH),, is present in rhubarb leaves.

A student carries out a redox titration using aqueous cerium(IV) sulfate, Ce(SO,),(aq), to
determine the percentage, by mass, of ethanedioic acid in rhubarb leaves.

In the titration, Ce**(aq) ions oxidise ethanedioic acid in hot acid conditions:
Z L
2Ce**(aq) + (COOH),(aq) — 2Ce®*(aq) + 2CO,(g) + 2H*(aq)
Ce**(aq) ions have a yellow colour. Ce®*(aq) ions are colourless.

The student weighs 82.68 g of rhubarb leaves and extracts ethanedioic acid from the leaves.

The ethanedioic acid is added to dilute sulfuric acid to form a colourless solution which is
made up to 250.0cm? with distilled water.

The student heats 25.00cm? of this solution to 70°C and titrates this volume with
0.0500 moldm™3 Ce(S0,), from the burette.

The student repeats t&%ration to obtain concordant (consistent) titres.
o. 10omn3
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Titration results
The trial titre has been omitted.

1 2 3
Final reading/cm? 24.30 47.80 23.65
Initial reading/cm? 1.05 24.30 0.50
+ire /o3 23.2S 22.50 z23.\S

(i) This titration is self-indicating and the student does not need to add an indicator.

What colour change would the student observe at the end point?

Colour change from W\e&b ......... to ........ %Q,\m [1]
(ii) Calculate the percentage, by mass, of ethanedioic acid in the rhubarb leaves.

Give your answer to an appropriate number of significant figures.

- 25 & NS
Meown AP _7-_-32 w3 = 22.20

2z 3
A Cwn
\J -3
23 20 x1g3-23x0-OS = (.18x 10

N o Ce &F

L6 x LB73
— = S. 20 x O % o\ o

“ (coon]) v 23w

5. 30\ F (0O = S. ZGx\O ek ok

Ii ((_OQ-\-’\)Z {n 230Cm 3

S.%0 s\ ? x ((2+ ((6x2)*1)x2)

= 9'5225

D-S22 *
—— " «\00 = g.&3\ %
2 - 6% EXT)

percentage of ethanedioic acid = ......... 52! T e % [6]
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14.  This question is about two compounds used in medicine.

(a) Cis-platin, PtCL,(NH,),, is a complex of platinum which is used in cancer treatment.

Al com
(i) What is the oxidation number of platinum in cis-platin? WMLSE owe oW
fE +1 X NODAON nuaNeRX
...... e A Cly —\x2=-2 ot O (11

R . (NWH3), Ox2 =O N
(ii) Cis-platin is prepared in a ligand substltLﬁl&n reaction which takes place in multiple steps.

The equation for the final step forming cis-platin is shown below.

[PLCIy(NH,)™ + NH, — PtCL(NH,), + CI-

cis-platin

In the box, outline the mechanism for the formation of cis-platin from [PtCi,(NH,)]™.
Use curly arrows and lone pairs where appropriate.

Clm., Pt - O
—_— P + (CI™
G

% ‘Nﬂs cis-platin

(b) Paracetamol is a solid organic compound used in}_?ts as a painkiller.
H

PWVOK / aumioke

(2

HO N

\._

C1—CH,

paracetamol \Q
0]

(i) Name the functional groups present in paracetamol.

e\
OO 2]
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(ii)* A chemist prepares a pure solid sample of paracetamol from 4-nitrophenol in two stages:
€ = Cosvord = Courlony

3= xygerd @z: %
s | = W
. q:h%l
C>

= nWoQ/Stage 1
l0\" ——— | Intermediate
S:-nud 0y ]
Describe a two-stage synthesis of 5.00g of pure paracetamol from 4-nitrophenol. The

4-nitrophenol
overall percentage yield of paracetamol from 4-nitrophenol is 40.0%.

In your answer, include the mass of 4-nitrophenol required, the reagents and intermediate,
and details of the purification of paracetamol. [6]

v ok % —n\wm ........................
=
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15. What is the number of stereoisomers that Ni(H,NCH,CH,NH,),Cl, can form?

A 2 c( '
(®)s Pl S E - _
“ i b o T - N

(oo, | S S| B T
¢ 4 u Ny ML @ | By
D & :\»\,_N ﬂtN \ Hz A %

¢S C "'\CQ.D-

Your answer 6 ofs S oS 11
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16. Which property/properties is/are correct for a transition element?

ons o
1  The element has aterms with a partially filled d sub-shell.

2 The existence of more than one oxidation state in its compwds.

3  The formation of coloured iw

A 1,2and3

B Only1and2

Your answer C

PhysicsAndMathsTutor.com

[l
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“17.  This question is about reactions of ions and compounds of transition elements.

(@) Astudent carries out two experiments on a solution containing [Cr(H20)6]3+(aq).

Experiment 1 E-C'f ({1 30)5_33++ cNﬂs —>|Cr (NH.'D a}:—

The student adds an excess of aqueous ammonia to a solution containing Cr(H20)6]3*{aq} gn 0
until a purple solution is formed. T

Experiment 2
The student carries out the following reaction sequence.

Step 1 NaOH(aq) is added slowly to a solution containing [Cr{H20)6]3*(aq) in a boiling
tube.
A grey—green precipitate forms.

Step 2 An excess of NaOH(aq) is added to the boiling tube.
The precipitate dissolves and a green solution forms containing a 6 coordinate

complex ion. C( COH')S (HQ_O\3 A ?{)H‘-—-a ECY(O H)Ag-

Step3  H,0, is added to the mixture and the boiling tube is heated.
A yellow solution forms,

R- — - * > H'zo
CrCo)e 17+ B == CvCg
Step 4 The soldtfon in the boilingtube is acidified. + q- HLO

The solution now contains CrQOTZ'(aq).

(i) Whatis the formula of the complex ion in the purple solution that forms in Experiment 17

(if) Suggest an equation for the reaction in Experiment 2, Step 1.

Include state symbols.

....................... - 2 (q.n{'apf) L RRFA

(iii) Draw a 3-D diagram for the shape of the complex ion that forms in Experiment 2, Step 2.
Include the charge of the ion.

_ — 3—.
om0 o [ o o TR
% Cr e O™ x€= €~
HOI | on Ce = 3
B o B WW-?E'G

[2]

(iv) What is the formula of the ion that causes the yellow colour in Experiment 2, Step 3?

(v) State the colour of the solution that forms in Experiment 2, Step 4.
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(b) Vanadium ions have four common oxidation states. Table 18.1 shows the colours of the ions
in agueous solution.

Oxidation state of . .

vanadium Vanadium ion Colour
+5 VO,*(aq) yellow
+4 VO?*(aq) blue \

filled st +
+3 V3*(aq) green ‘vsk
, \osk Qv3

+2 V2*(aq) violet $

Table 18.1 4 - lSzZSZZf’G 3 323?(; 33

(i) Complete the electron configuration of a V3* ion.
7
152 ...2..3.?:2..95...’.38.?..3@5..3;:& ......................................................... 1]

(ii) The student adds excess iron to a solution containing VO?*(aq) ions, and observes that
the colour of the solution changes from blue to green and then to violet.

Use the relevant standard electrode potentials shown in Table 18.2 to explain these

observations.
Redox system E®°|V
1 | V?*(aq) + 2e” = V(s) -1.18
2 | Fe?*(aq) + 2e” = Fe(s) -0.44 @
3 | V3%aq) + e = V%(aq) -0.26
4 |VO?@q) + 2H" + e~ =  V3(aq) + H,O()) +0.34 \j
5 | Fe¥(aq) + e~ = Fe?*(aq) +0.77
6 |VO,"(aq) + 2H" + e~ = VO?*(aq) + H,O(l) +1.00
oMt 4SSk ok e and \QRT

Ffe —s Fe_?-"_ *2{— Turn over
NO®Y o 2Rt 4t AT *» 71,0
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(c)

Iron(1I) gluconate, C,,H,,Fe0,,, is the active ingredient in some brands of iron supplements,

A student carries out an experiment to determine the mass of iron(1I) gluconate in one tablet
of an iron supplement, using the method below.

Stage 1 The student crushes two tablets and dissolves the powdered tablets in dilute
sulfuric acid.

Stage 2 The student makes up the solution from Stage 1 to 250.0cm? in a volumetric flask.

Stage 3 The student then titrates 25.0 cm? portions of the solution obtained in Stage 2 with
0.00200 moldm™2 potassium manganate(VII).

The student obtains a mean titre of 13.50cm?3.
In this titration, 1 mol of manganate(VII) ions reacts with Smol of iron(1l) ions.
(i) Explain why the student used 0.00200moldm™ potassium manganate(VII) solution

for this titration, rather than the more usual concentration of 0.0200 moldm™ used in
manganate(VII) titrations.

(i)

Give your answer to 3 significant figures.

13.Sx0" % x%x 0.832 = 2-7T xS S ok ok
[ RAYAN 04-

%S = 1.3SX\O" % nol oF Fe?*

2 Tx\q" >

N 2STm>

.S\ ¥ v\ = L3Sx19" 3 poh Or Fe?
in 2sOcwm”™

s

L3S >0 0" 3x ((Wx\2) X (22x V)~ SS- 8
(1ax'6)) = 3. CO\R o 22iraxerd
= ©. 30\ g (I8 )M sadoek

mass of iron(Il) gluconate in one tablet = ... 0 . e mg [5]
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(iii) Some iron supplements contain iron(II) sulfate or iron(Il) fumarate.

The information in Table 18.3 is taken from the labels of two iron supplements, A and B,

Iron supplement Iron compound Mass z;:::bclz{?;;und in
A iron(II) sulfate, FeSO, 180
B iron(II) fumarate, C,H,FeO, 210
Table 18.3

Choose which iron supplement, A or B, would provide the greater mass of iron per tablet.
$sS. 8

(558 + 22 +(16x4))

X {33 = QQY\A%

Ss. ¥

xX2\WQO FQCTW%
(Caxt

iron supplement: ................... 6 ................................. [1]
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18. This question is about reactions of iron compounds.

(a) Astudent carries out the reactions in the flowchart, starting with iron(II) sulfide.

iron(11) sulfide mﬁ» [Fe(HZO)ﬁ]z"'(aq) - H,S(g) - ‘St%-zg '\_zk’“\(%

2 pale green (‘ a7. 0\ 57(2-3 ¥32
ZEG(H'LOBA & C(.'z solution / \ = '2_4‘1 .9 o |
Cly(9)

. 2(9 AgNO,(aq) H*(aq)/Mn0O,~(aq)
— 2(Fe( \‘ITO);SS r 2CK°

orange-brown colourless solution
3 solution ﬂ Jz S containing Mn?* ions
> ) —- black precipitate B o
E < CH'p ¢y + 3 mOH(aq) with a molar mass yellow solid
of 247.9gmol~!
— Fe(Ot), +6H
Fe (OH),
orange-brown
precipitate A
(i) Inthe boxes, write the formulae of A and B. [2]

(ii) The student thinks that the reaction of iron(1I) sulfide with H*/H,0 is a redox reaction.

Explain, with reasons, whether the student is correct.

(iii) Write the equation for the reaction of [Fe(H20)6]2+(aq) with Cl,(q).

(iv) Construct an equation for the reaction of H,S(g) with H*(aq)/MnO,(aq). -+ ZCL-

SH,S ’\‘ZMY\Od: X GH*——)ZMI'\H;SS%,
2H.0
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(b)* Compound C is a hydrated ionic compound with the empirical formula: FeH ;N.O, .

A student investigates the thermal decomposition of compound C as outlined below.

Stage 1
The student gently heats 0.00300 mol of compound C to remove the water of crystallisation.
0.486 g of water is collected, leaving 0.00300 mol of the anhydrous compound D.

Stage 2

The student strongly heats 0.00300 mol of compound D, which decomposes to form a solid
oxide E (molar mass of 159.6gmol~") and 270cm® of a gas mixture, measured at RTP,
containing gases F and G.

Stage 3 Mo
The student cools the 270cm? gas mixture of F and G. -
* Gas F is a compound that condenses to form 0.414 g of a liquid. MY R
*  Gas G remains and has a volume of 54cm3, measured at RTP.
Gas G is tested and it relights a glowing splint. Jol
Determine the formulae of C, D, E, F and G. p‘o Mmooy voh =wd

Show all your working and equations for the reactions.
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19.  Which statement about elements in the d block of Period 4 of the periodic table is correct?
A |/6r atoms have the electron configuration: 1s22s22p83s23p3d®4s’. Huwrd' S Ruie
A& Cu* ions contain an incomplete 3d sub-shell. \g*2s?* 29%3s? 303 a'C as’

£~ Fe?* ions contain 3 unpaired electrons. \s?2s? 2¢% 3313?5 24°%4.5*®

,B’ Sc forms ions with different oxidation states. @mmmm ﬁE’
Se JdoSsn't 1e63R " S 4. @™ oun son

Youranswer | A "‘-‘“‘""w:‘ QC:C\M d.‘ :S S\)\::Sshgik wosk 1y
She)S oN \ <
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20. Which statement(s) for the complex ion [Co(NH CH,CH,NH,), ]?* is/are correct?
a\\ soune \oid%w\'e 3@@3 Sc NGO S ound AN
1 It has cis and trans isomers.
7%

2 It has optical isomers. ./

3 ltis six-fold coordination. " N(\N{L\,

| NH,
A 1,2and3 ’

B Only1and2
/ V M,
C Only2and3
?.
D Only1 K/ \)

Your answer | C 1]
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21. (a)* B and C are compounds of two different transition elements.

A student carries out test tube reactions on aqueous solutions of B and C.
The observations of the student’s tests are shown below.

Test B(aq) C(aq)
NH,(aq) added dropwise green precipitate D grey-green precipitate E
1 excess NH,(aq) added no further change purple solution F
HNO,(aq) no change no change
? followed by Ba(NO,),(aq) white precipitate G no change
HNO,(aq) no change no change
’ followed by AgNO,(aq) no change white precipitate H

Analyse the results to identify B to H, and construct ionic equations for the formation of
products D to H. [6]

H: AQt « €T —> PaCl
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Additional answer space if required

(b) A compound of nickel, J, has the formula (NH4)2[Ni(SCN)x(NH3)y] and contains SCN™ and
NH, ligands. b\ N‘S
'S xN'S I

The percentage by mass of three of the elements in compound J is shown below:
Ni, 16.26%:; S, 35.56%; N, 31.00%.

(i) Calculate the values of x and y in the formula of compound J.

NSt N 162.@» . 355& . 21.0 Qx'r\.p\ﬁcal
sg 1 32 -\ & oo
| 4 :% :OZ'T-) - 1.1 - ?z\ cMcle:Hg'\

.27 G .21\ o217
=\ - 4( - %
o = &

2 4C '\"358

(ii) Determine the oxidation number of nickel in compound J.

(VR [N (sCW, (W) A
Vi ? t

’ -
4+ 7oAl
oxidation number: ................ N [1]
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(c) Sodium sulfite(IV), Na,SO,, is used as a preservative in some foods.
Food safety legislation allows a maximum of 850mg Na,SO, per kg of burger meat.

A chemist determines the amount of Na,SO, in a sample of burger meat using a
manganate(VII) titration.

Step1 The Na,SO, from 5259 of burger meat is extracted to form a solution containing
S0,%"(aq) ions.

Step 2 The solution from step 1 is made up to 250.0cm? in a volumetric flask with water.
25.0 cm3 of this diluted solution is pipetted into a conical flask.

Step 3 The pipetted solution from step 2 is acidified with dilute sulfuric acid and then
titrated with 0.0100 moldm™3 potassium manganate(VII), KMnO,.

2MnO, (aq) + 6H*(aq) + 5S0,27(agq) — 2Mn?*(aq) + 3H,0O(l) + 5S0,2(aq)
12.60cm3 of KMnO,(aq) is required to reach the endpoint.

Analyse the results to determine whether the burger meat complies with food safety

legislation. -
egislation 0.0\ x 12.6 xio-3 ,_1.'zsx\0'q““°‘
| -3 M Og ™ _
|- 26 x\C S = 3:\S x\0" % na 503? A
2 2 Scm3

3.\S x10~ % x\O = 3.5 %673 MeA 3032-“,-\ QS'OC.M‘S

2AS w02 x (C22x2D+22.\ & ((6x3PN= 032713
? SO, N
s ot No, %
8.3 X gag = O e N '

= S5C. & mg 2. B3SOy

1€3S  Aren  rrowi o parmitiedh  \enel

[3]
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22.  Transition metal ions can bond to ligands to form complex ions with different shapes.

Explain what is meant by the terms ligand, coordination number and ligand substitution, using
suitable examples of complex ions with different shapes, limited to monodentate ligands.

Your answer should include diagrams and equations where appropriate. ep.jr\ W [6]
gm o

ovel\ N YR
Aigond ;. DOk Nonve. .. PalN.. X O o ke ..
AN Gy e Covadnke.. (Coonawnake ) .
TN~ SEIRCCIC AN a'at=) ¥~ G I < Vo WA
CoOV@aVRR oM. N Lo L DOMERK . Sr....... CoEuna kR

NN 3O AN YN e
oo SAosNon: _on ... \\g,mmw% .........

CL™ (S SLaia .2 \_9\-%“ \'So.ud
........................................................... /%‘jmca-r\& N 0OSRT ven A
- axyoMnmd C S

....... Y\ . N NN L WAL
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