
1 (a) (i)

2

Transition elements have variable oxidation states and form complex ions.

State two other typical choemical properties of a transition element.

1 Catalyst.

.form.coloured..compounds.2

[1]

(ii) Explain why transition elements have variable oxidation states.

.14) s and 3ca) sub-shells /orbitals..are

..clese in enex3.1.

..  可替換... milar...  same

(b) An aqueous solution of chromium(III) ions, Cr3+, contains the [Cr(H2O)]3+ complex ion.

(i) Complete Figure 1.1 to show the electronic configuration for Cr3+.

3d

[Ar] 1 1 1
个也可以

4s

Figure 1.1

(ii) State the type of bonding that exists between H₂O and Cr³* in [Cr(H₂O)]3+.

dative/ co-ondinate bond

(c) Explain why transition elements form complex ions.

d orbitals that care enerpetically. ucessalle.

(d) [Cr(H2O)]3+ can be converted into the [Cr(H₂O)3(OH)3] complex.

(i) Suggest a suitable reagent for this conversion. State the type of reaction.

reagent Naot (9) 可換N

type of eacton recipitatation /. Lig amed en chang..Acid- bese

可以的

[1]

[1]

[1]
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(i)[Cr(H₂O)2(OH)₂] reacts with an excess of NH. (aq) to form [Cr(NH2)c]3*.
Complete the equation for this reaction. State the type of reaction.

[Cr(H₂O)3(OH)₃] + 6NHs [crCNH)635t + 3120 + Зон
3+

type of reaction Ligansl exshoupe
[2]

[Cr(M/26 (04)2了也可
(e) [Cr(H2O)3(OH)3] shows stereoisomerism.

Draw three-dimensional diagrams in Figure 1.2 to suggest the two stereoisomers
of [Cr(H₂O)3(OH)3].

isomer 1

40

Ho

Cr

Ho
애

H20

2 h0.201H at 180°

isomer 2

H
ho

H20
 

Cr

OH

OH

OH

all Ho /oH at 90°

Figure 1.2
[2]



DFD

4

(f)

(ii)

(1)
An aqueous solution of iron(I) ions, Fe³*, contains the [Fe(H₂O)c]3+ complex ion. This

solution is acidic in a similar way to an aqueous solution of A13+

Suggest why a solution of Fe3* is acidic. Include an equation in your answer.

. .e undergo hagdrelysis. rweakenweaken O-H. / polartse..oH

*.. [elH20)6734
An aqueous solution of iron(II) ions, Fe2*, contains the [Fe(H₂O)c2* complex  ion. Thissolution is also acidic.

Predict how the pH of 1.00 mol dm~3 Fe2+ (aq) differs from the pH of 1.00 mol dm-3Fe3+(aq). Explain your answer.
F3
Fet has lower PH

[2]

e hus higher. oharpe.  /small rahii (higher charpe denst

(g) Suggest why solutions of silver(I) salts are colourless.

0 d suhshell is full ...
3 d arbital is full 7

. can't adbsocb. light in the visille spectru.
no.d-d transition I no electron transitio.

[1]

[2]
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(h) A mixture contains sodium ethanedioate, Na₂C₂O, ethanedioic acid dihydrate,
H2C2O*2H2O, and an unreactive solid.

5.00 g of this mixture is dissolved in distilled water and made up to 500 cm³ in a volumetric
flask to form solution A.

Two different titration experiments are carried out using  А.

In the first experiment, 25.0 cm³ of A requires 21.80 cm³ of acidified 0.0250 mol dm-3
MnO (aq) to reach the end-point.

2MnO + 5C2O2 + 16H+ → 2Mn2+ + 10CO2 + 8H₂O

In the second experiment, 25.0 cm³ of A requires 13.60 cm³ of 0.150 mol dm 3 OH (aq) to
reach the end-point.

H2C2O4+ 20H→ C₂O2 + 2H₂O

Calculate the percentage by mass of Na C₂O in the mixture.

[M: Na2C204, 134.0]

Moles of Mn0q = 0.025x0.02180 =5.45 X104

Moles of (204² = 2.5 x 5.45 X16 = 1-3625x16

/Mdes of oH = 0.150 x 0.0136=2,04x163

Meles of Hela04= 3x = 102 x103.

1 Moles of Naz (z04 = 1.3625X103 - 102 X163 = 3.425164

3

Moles of Naz(304 = 3.45x10"" x 20 = 6.8tx0"

Mass of
J x 34 =0.9179

percentage by mass of Na₂2C₂O =
18.4

% = 18.4/18.318 0

.% [5]

[Total: 20]
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2 Group 2 carbonates decompose on heating to form the corresp
onding metal oxide and

carbon dioxide.

(a) The mechanism for this decomposition involv
es the carbonate ion breaking down t

o form

carbon dioxide and oxide ions.

Add two curly arrows to the carbonate ion in Figure 2.1 to suggest a mechanism for

this decomposition.

Figure 2.1

o=c=0 + 02-

(b) The radii of some cations are shown in Table 2.1.

Table 2.1

cation Ca2+ Cu2+ Pb2+

radius/nm 0.099 0.073 0.120

Use the data in Table 2.1 to predict the trend in thermal stability of the metal carbonates

containing these cations.

Explain your answer.

b.co
most stable

> CaCO3 > CuCO
least stable

explanation A Cation /Ionic radii increase

* less polarise (C

[1
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(c) Suggest why the solubility of the Group 2 sulfates decreases down the group.

a) bech atlast althyd decteuse.  / less esotherric.

2) aHngol changes .nore.

c3) attser less .neyative.

(d) Magnesium hydroxide, Mg(OH)2, is sparingly soluble in water at 298K.

(i) Write the expression for the solubility product, Ksp. of Mg(OH)2. State the units for Ksp

K= [Mу Jъt Tон]

[3]

units moedm"
[2]

L

(ii) A saturated solution of Mg(OH)₂ has a pH of 10.35 at 298 K.

Calculate the concentration of hydroxide ions, OH, in mol dm3, in this solution.

THt] =10-1035 = 4.47x 16"

Kw

TOH] = THY = 2.24 X10

concentration of OH- =
moldm-3 [1]

(iii) Use your answers to 2(d)(i) and 2(d)(ii) to calculate the value of Ksp for Mg(OH)2

1ksp = (0s x2.24 X10") x (2.24 xlo")2.

R 01X 19.5 = 2

Ksp for Mg(OH)2 = 16/X1012 [1]

[Total: 10]
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(a) Ethanal, CH3CHO, reacts with methanol, CH3OH, under acidic conditions to form

compound B, as shown
 in reaction 1.

B

H+

reaction 1 CH,CHO + 2CH3OH
CH3CH(OCH3)2 + H₂O

The initial rate of reaction is investigated using differ
ent starting concentrations of CH3CHO,

CH3OH and H+. The results obtained are shown in Table 3.1.

Table 3.1

experiment
[CH3CHO]
/mol dm-3

[CH3OH]
/mol dm-3

[H]
/mol dm-3

initial rate

/moldm-3s-1

1 0.500 0.040 0.100 2.500 x 10-3

2 0.500 0.060 0.100 3.750 x 10-3

3 0.250 0.120 0.300 1.125 x 10-2

4 0.250 0.120 0.400 1.500 x 10-2

(i)

rate =

Use the information in Table 3.1 to deduce the rate equation for this reaction.

Explain your reasoning. State clearly which experiments you use in your explanation.

Exp1 £2 TcOH)XIs rote xls
Tcton] first. oraler.

Es&9: TH') x1.35 rote x133 TH'J first orele

E&3 Tat CHOxo.s TCHsO) 2 TH).х3

rate x3.

TCMCHOJ first oreler

косноснов г спон] [H)

(ii) State the units of the rate constant, k, for this reaction.

mee² dme s
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(iii) Another experiment  to investigate reaction 1 is carried out as shown in Table 3.2.
Table 3.2

experiment [CH3CHO]/mol dm-3 [CH3OH]/mol dm-3 [H*]/mol dm-3
5

0.250 0.250 0.250

Calculate the initial rate of experiment 5.

initial rate =.0.0/95..  moldms1 [11

(b) The reaction of propanone, CH3COCH₂, with bromine, Br₂, in the presence of an
acid catalyst is shown in reaction 2.

H+
reaction 2 CH3COCH3 + Br2 CH3COCH2Br + HBr

The rate of reaction is first order with respect to [CH₂COCH₂] and first order with respect to
[H+] under certain conditions.

A three-step mechanism for reaction 2 is suggested.

Complete Table 3.3 to suggest steps 1 and 3 of the mechanism.

Table 3.3

step 1 (fast)
CH3 C-CH3 +H CH C-CHS

+

OH OH
step 2 (slow)

+ H+
H3C-C--CH3 H3C-c=CH2

OH
8

step 3 (fast)
CH3- C= CH Brz C3-C CH₂Br +HBr
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(c) Catalysts can be described as homogeneous or heterogeneous.

Describe the mode of action of a heterogeneous catalyst.

•absorb

• bond weaken.

produts desorbed!
[2]

[Total: 10]
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4
(a) State what is meant by partition coefficient, Kpc

(b)

.ratia of the..Concentrations
batween t wo immiscible solvent

cot...quilibrium [1]

Ethanedioic acid, H₂C₂O4, is more soluble in water than in the organic solvent ethoxyethane.

2.70 g of ethanedioic acid is shaken with a mixture of 50 cm³ of ethoxyethane and 50 cm³ of
water at 298 K and left until there is no further change in concentrations.

The ethoxyethane layer requires 16.5 cm³ of 0.200 mol dm ³ NaOH(aq) for
complete neutralisation.

H2C2O4 + 2NaOH → Na2C₂O + 2H₂O

Calculate the partition coefficient, Kpc for ethanedioic acid between ethoxyethane and water.

Initial Moks of ((00H)2 = 27190 = 0.03

- Moles of NaoH = 0.0165x0.2 =0.00330

ether: N(CooH)2J = 0.0066/2= 0.00161
Ho: n (соон)а = 0.03-0.00/65= 0.02835

Kpc ......0582

(c) The formula of ethanedioic acid is HOОССООН.

The formula of butanedioic acid is HOOCCH2CH2COOН.

Both acids are soluble in ethoxyethane and in water.

Suggest how the value of Ke of butanedioic acid betwe
en ethoxyethane and water

compares to the value of K for ethanedioic acid betwee
n ethoxyethane and water.

Explain your answer.

kpc would be higher

butanedlioic acid is es ler

less soluble O

[3]

Tota
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(a) Define standard electrode potential, E, including a description of standard conditions.

emy between a SHE and amother eletrode

.under..  standerdl. conditions of (eth.778.16.
all selmtins beingM.

(b) Table 5.1 shows the standard electrode potentials for three redox systems.

Table 5.1

redox system electrode reaction E/V

1 Fe3+ + e Fe2+ +0.77

2 NO3 + 10H* + 8e ےہ NH+ + 3H₂о +0.87

3 Zn2+ + 2e Zn -0.76

(i) Use the information in Table 5.1 to write equations for two reactions that are feasible.

Explain why these reactions are feasible.

R

equation 1 No + l6t°+ 42n . Nty" t 3 tho t+ 420
equation 2 Zn+ 2 Fl3t 2 27 12/"t+25

explanation. Ecall 70

(ii) Suggest why the feasible reactions in 5(b)(i) may not take place under

standard conditions.

high.. Ea

[3]

[1]

[2]
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13

An electrochemical cell is set up to measure E for redox system 2 in Table 5.1.
Complete Figure 5.1 to show a labelled diagram of  this electrochemical cell.

Include all necessary substances and relevant pieces of apparatus needed tomeasure E

It is not necessary to state the conditions used.

PEL

Ht

H
(9)

Sabt briuge

Figure 5.1

Ptls)

NO (aa)

Hcag)

MHyt(aq)

(c) A different electrochemical cell is set up. The cell reaction for this electrochemical cell

is shown.

Cr + 3Mn3+ 3Mn2+ + Cr3+ AG =-645.6 kJ mol1

Calculate the standard cell potential, Ecell for this cell reaction.

[3]

OG=-NEF

E= 2.23
Eell= .2:23. V [2]

2sf min [Total: 11]

L
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6 (a) Phenol reacts with Br₂(aq).

(1) State all the expected ob
servations when Br(aq) is added dropwise to a solution

of phenol.

(b)

whice ppt

salution decolourise.

(ii) Draw the structure of the organic product formed when phenol reacts with an excess

of Br-(aq).

8
OH

Br
0

Bn

Explain the relative acidities of phenol and water.

ip on o delocalised into the ring

weaken o-H. so M" easily lot.

[1]

[1]

[2]

0000800000015 DFD
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) Compound C can undergo both addition and condensation polymerisation.

OH

gie
Figure 6.1

OH

() Draw one repeat unit of the addition polymer formed from C.
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(11)

Ha

H LOOH
1

C-

Draw two repeat units of the condensation polymer formed from C

The new functional group formed should be displayed.

0
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(d) C can react with LIAIH,. C can also react with an excess of H₂(g) with a nickel catalyst.

Draw the structure of the organic product formed in each reactio
n in Figure 6.2.

oH

C

LIAIH

ةنج HO

H₂(g/Ni catalyst
heat

Figure 6.2

OH D

애

[2
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(e) Compound F can be synthesised from phenol in three steps, as shown in Figure 6.3.

OH

step 1

D E

OH

step 2 COOH

F

step 3

COOH

Figure 6.3

(1) Draw the structures of compounds D and E in the boxes in Figure 6.3. 121

Suggest reagents and conditions for steps 1 to 3 in Figure 6.3.

step 1. Clacl Alds

hot kMn (4")step 2

step 3 CHaсо
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Alanine, CH,CH(NH, )COOH, is  an amino acid that contains a chir
al centre.

Different synthetic
 routes to produce alanine can lead to the formation of an

 optically active

sample or a racemic mixture.

(i) Describe what is meant by optically act
ive.

retate the plane of polarised light

(II) Describe what is meant by racemic mixture.

mistare Containing equal amf
enantiomr

(b) Alanine has an isoelectric point of 6.11.

(i) Explain what is meant by isoelectric point.

[1]

PH at which ax molecule has

no overall charge / is a Zwitterion.
[11

(ii) Draw the structure of alanine at pH 10.

CCHCNH) Coo

(c) Alanine molecules can react together to form the tripeptide Ala-Ala-Ala.

Draw the structure for this tripeptide. The functional groups formed should be displayed.

H
0

[1]
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(d) Compound J can be synthesised from alanine in three steps,  as shown in Figure 7.1.

alanine

G. CHNO

step 1

CH3-c-Cl
HN COOH

0 2 Socla PCl

Puls hecot

H. CH,NO,C

step 3 d

Figure 7.1

(i) Draw the structures of compounds G and H in the boxes in Figure 7.1.

(iI) Suggest reagents and conditions for steps 1 to 3 in Figure 7.1.

step 1. CsCOCL

step 2 Socd

step 3 Alds

L

121

13

[Total: 1



8 (a) Give the full name of the substanc

shift measurements.

Tetra methylsilane

(b). Compound K is analysed by carbon-13 NMR
 and proton ('H) NMR spectroscopy in D₂O.

K

C

Figure 8.1

(1)

(i) Predict the number of peaks in the carbon-13 NMR spectrum of K.

t

The proton (H) NMR spectrum of K in D₂O shows four peaks, for the proton

enwitonments labelled w, x, y and z on the structure of K in Figure 8.2.

HC

CH CH

H₃C CH C

Figure 8.2

Complete Table 8.1 to identify the splitting patterns for proton environments w, x, y and z.

Table 8.1

proton environment name of splitting pattern

W doublet

У

multiplet

triplet

triples [2]

(1]

[1]
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A separate sample of K is dissolved in CDCI, and analysed using proton ('H)
NMR spectroscopy

The proton (H) NMR spectrum of K dissolved in CDCI, contains one more peak than
the spectrum of K dissolved in D,O.

Explain why there is one more peak, and suggest the chemical shift range in which
it occurs.

83-12

CN-H peak1 peak appear)
πο "A aschunge vwith B0
chemical shift range å 6-12 ppm

121
Table 8.2

environment of proton example chemical shift
range 8/ppmalkane

-CH-CH CH 0.9-1.7
alkyl next to C-O

CH,-CO,-CH-CO, CH-CO 22-3.0
alkyl next to aromatic rng CH,-Ar.-CH,-A, >CH-A 2.3-3.0
alkyl next to electronegative atom CH,-O.-CH,O.-CH. CI 3.2-4.0
attached to alkene CHR 4.5-6.0
attached to aromatic ring H-A

6.0-9.0
aldehyde

HCOR 9.3-10.5
alcohol

ROH 0.5-6.0
phenol

Ar-OH
4.5-7.0

carboxylic acid RCOOH 9.0-13.0
alkyl amine

R-NH-
1.0-5.0

aryl amine
Ar-NH₂ 3.0-6.0

amide
RCONHR 5.0-12.0

L
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(c) Compound K reacts with an excess of hot NaOH(aq).

K

H

Ο

Figure 8.3

The products are isolated from the reaction mixture at pH 10.

Draw the structures of the two organic products of the complete alkaline hydrolysis of K.

0/Vat

이

[2]

[Total: 8]



9(b)(i) M1 step 1 conc. HNO3 AND conc. H2SO4 [1]

2
M2 step 2 Sn AND conc. HCI [1]

9(b)(ii) P

step 2
H3C -NO2 + .....6[H]. H3C -NH2 +.2H₂O...... 1

[1]

9(c)(i)

+

H3C- -NN
+

(C1-) H3C- -NN
1

(C1)

[1]

Question Answer Marks

9(c)(ii) M1 step 1 NaNO2 & HCI / HNO2 AND 10 °C [1]

M2 step 2 alkaline / NaOH

AND

SO3 Na

2

OH

[1]

10


