1. When CuCl is dissolved in an excess of concentrated hydrochloric acid, a colourless solution
containing the complex ion, [CuCl,]", is formed. When hydrogen peroxide, H,0,, is added to this
acidified solution, a green solution containing a copper complex ion, X, and water are formed. On

the addition of a large excess of water, a blue solution containing the copper complex ion, Y is
formed.

(a)

(b)

(©)

(d)

(€)

Give the oxidation state of copper in [CuCl,]", give the electronic configuration of copper
in this species and deduce why it is colourless.

OXIAALION SEALE......ee ettt ettt e e e ee s eseesaesreeneas
Electronic ConfiguIation..........cccocveiiiie i

1< (003 1 o) o TR PRUTPTRRRTTTIN
)

Give the formula and shape of the copper complex ion X.

[0 1 ([U1 =TT TTRRRTTRRRTTRRRI

O]

)

Construct a half-equation for the formation of water, as the only product, from hydrogen
peroxide in acid solution.

(N

Write an equation for the formation of Y from X and identify the role of water in this
reaction.

01 = 1 o PSPPSR
(0] [=IN0 ) IR =] TR

)
(Total 9 marks)
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2. (@)  Define the terms Lewis acid and Bransted Lowry acid

LEWIS @CIG. ...ttt ettt n e
Bransted-LOWIY GCId.........ccooiiiiiiieieiii e
2
(b) (i)  Write an equation to show what happens when anhydrous aluminium chloride is
added to an excess of water.
(i)  Write an equation to show that the aluminium species formed in part (i) can behave
as a Bragnsted-Lowry acid.
(iii)  Construct an equation to show aluminium chloride acting as a Lewis acid in its
reaction with concentrated hydrochloric acid.
®)
(c) Describe what you would see, and give the formulae of the iron-containing or
chromium-containing products formed, when
(i)  aqueous iron(l11) chloride is treated with an excess of solid sodium carbonate:
(@] o V=1 [o] o () TSR
Formula of iron-containing Product............cceeerererienene e
(i)  aqueous chromium(l1) sulphate is added to an excess of aqueous sodium hydroxide.
ODSEIVALION(S). .. veveereeiieie ettt bbb
Formula of chromium-containing pProduct............ccccooceveieerenieerenesesee e
(6)
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3. When a solution of [Ti(H,0)4Cl,]" ion is diluted with water, a substitution reaction occurs
and the pink [Ti(H20)6]3+ ion is formed.

(i)  Explain what is meant by the term substitution reaction.

(i)  Construct an equation for this reaction.

@)
(Total 3 marks)

4. Study the passage below

A crystalline solid A dissolves in water to give a solution containing the metal complex
ion B.

Addition of aqueous silver nitrate to this solution gives a white precipitate of C which dissolves
when an excess of dilute aqueous ammonia is added to form a solution containing the metal
complex ion D.

The solution of A becomes a blue solution containing metal complex ion E when an excess of
concentrated hydrochloric acid is added.

When concentrated aqueous ammonia is added dropwise to a solution of A, a blue-green
precipitate F forms. This then dissolves when an excess of ammonia is added to form a pale
brown solution containing the metal complex ion G. This pale brown solution becomes dark
brown on standing in air and a solution containing the metal complex ion H is formed.
Identify by formula, each of the species lettered B — H and finally the solid A.

Formula of COMPIEX 10N Bh........oiiiiiiiiee e
Formula of PreCipitate C.........cvoiiiiciec ettt se et sre s
Formula of COMPIEX 10N D
Formula of COMPIEX 10N E.....o.ooiiiiieiieee e
Formula of preCipitate F.........coooiiiicc et
Formula of COMPIEX 10N G s

Formula of COMPIEX 10N H...o.ooviiiiieee e

Formula of Starting SO A........c.ooeoie et s
(Total 8 marks)
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(b)

(©)

(d)

(€)

(f)

State what is meant by the term co-ordinate bond.

Define the terms Brgnsted—Lowry acid and Lewis acid.
Bransted—LOWEY @CId .........ccvcveiiieee s

[T LTS o1 Lo TP

State what is meant by the term bidentate ligand.

State how the co-ordination number of cobalt(ll) ions in agueous solution changes when an
excess of chloride ions is added. Give a reason for the change.

Change in co-ordination NUMDBET ..o

oo T o I (o] el T U o T SR

Suggest why the enthalpy change for the following reaction is close to zero.
[COo(NH3)s]** + 3NH,CH,CH,NH, — [Co(NH,CH,CHoNH,)3]?* + 6NHs

Deduce the formula of the compound formed when ethane-1,2-diamine is treated with an
excess of hydrochloric acid.

O]

O]

O]

O]

O]

)

(Total 11 marks)

Mill Hill High School



6. Study the passage below and answer the questions which follow.
Crystalline iron (111) nitrate nonahydrate, Fe(NO3)3.9H,0, has a very pale violet colour

and contains the ion [Fe(H20)6]3+. When added to water, the crystals dissolve to form a brown
solution. Treatment of this brown solution with concentrated nitric acid yields a very pale violet
solution.

(@  Name the shape of the [Fe(HZO)g]3+ ion.

1)
(b)  Write an equation to show the [Fe(H20)6]3+ ion behaving as an acid in agueous solution.
1)
(c) Deduce the formula of the species responsible for the brown colour of the solution
described above.
1)

Mill Hill High School 5



(d) Explain why the addition of concentrated nitric acid causes the colour of the solution to
change from brown to very pale violet.

)
(e)  When concentrated hydrochloric acid is added to the brown solution of iron (111) nitrate,
however, a yellow solution containing [FeCl,]™ ions is formed.
Give two reasons for a colour change in this reaction.
REASON L.ttt ettt
REBSON 2. bbbt b et b bbb bbb nre b
)
() When an excess of magnesium metal is added to an aqueous solution of iron (I11) nitrate,
effervescence occurs, and a brown precipitate forms. Identify the gas evolved, give the
formula of the brown precipitate and construct an equation, or equations, for the reaction
occurring.
IAENEITY OF Q8S...cviiiieiec e
Formula of brown preCipitate........c..coieeeiiereseeee e
EQUATTON(S). ettt ettt ettt ettt et r e s e r e re e nne e
@)

(Total 10 marks)

2 o SRR
@)
(b)  Give the formula of the cobalt complex present in an aqueous solution of cobalt(I1)
sulphate and state its colour.
Formula of cobalt COMPIEX .......cccocveiiiiiiee e
Colour of cobalt COMPIEX .....ooviieei e
2
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() (i) When alarge excess of concentrated aqueous ammonia is added to an aqueous
solution of cobalt(Il) sulphate, a new cobalt(Il) complex is formed.
Give the formula of the new cobalt(ll) complex and state its colour.
Formula of new cobalt(11) COMPIEX .......cccveiiiiiicecee e

Colour of new cobalt(I1) COMPIEX ...c.civviiiiieceeecc e

(i)  Write an equation for the formation of this new complex.

®)
(d)  When hydrogen peroxide is added to the mixture formed in part (c), the colour of the
solution darkens due to the formation of a different cobalt complex. Identify this
different cobalt complex and state the role of hydrogen peroxide in its formation.
Cobalt complex FOrMEd..........ooieei e
Role of hydrogen PEroXide ...
)

(Total 8 marks)
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8. Consider the reaction scheme below and answer the questions which follow.

(a)

(b)

Heat
2Cu(NO3)2(s) » 2CuO(s) + 4NO2(g) + 0O2(g)
An excess An excess of
of water concentrated
HCl(aq)
Solution A
Solution D
A few drops
of NH3(aq)
Heat with
Pale blue precipitate B copper metal
An excess [CuCl4]*
of NH3(aq)
Solution C

A redox reaction occurs when Cu(NO3), is decomposed by heat. Deduce the oxidation state
of nitrogen in Cu(NO3), and in NO, and identify the product formed by oxidation in this
decomposition.

Oxidation state of nitrogen in CU(NO3Z)2 ..oovieeiieiicieee e

Oxidation state of NItrogen iN NOy ...c.ooiiiiiiicce e

OXIALION PrOUUCT ...

@)
Identify and state the shape of the copper-containing species present in solution A.
COopPEr-CONAINING SPECIES .....vieiieieiereesieeteeseeseesteesee e seeste e eeesee e e e e e stesteeseeneeseeesennes
R3] T o1 SO

)
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() (i) Identify the pale blue precipitate B and write an equation, or equations, to show how
B is formed from the copper-containing species in solution A.

Identity Of Precipitate B ........ccoooiiiieee e
o [N Lo o) SRR

(i) In what way does the NH3 behave as a Bransted—Lowry base?

®)
(d (i) Identify the copper-containing species present in solution C. State the colour of this
copper-containing species and write an equation for its formation from
precipitate B.
0 [=] 01 SR
[070] (011 | SO T PSPPSR UR PR
EQUALTON 1.ttt e ee e eneas
(i) In what way does the NH3 behave as a Lewis base?
(4)
(e) Identify the copper-containing species present in solution D. State the colour and shape of
this copper-containing species.
Lo LT 01 OSSPSR
(07 ] (o] 1 | S ST UT TP PRSPPI
R3] - T o] SRR
@)
() The oxidation state of copper in [CuCI4]3‘ is +1.
(i)  Give the electron arrangement of a Cu™ ion.
(i)  Deduce the role of copper metal in the formation of [CuCI4]3‘ from the
copper-containing species in solution D.
)

(Total 17 marks)
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9. The following scheme shows some reactions of chromium compounds in aqueous solution.

Reaction 7

[Cr(H.06]°" « Cr,0Z
CHLCH,OH
Reaction 1 + H;S04(aq)
Na,CO;
Reaction 6
Zn + H,S0O,(aq)
v
grey-green precipitate A + gas B blue solution D
Reaction 2 Reaction 4
excess NHs(aq)
[Cr(OH),1* [Cr(NHo) 1>
Reaction 3 Reaction 5
excess H,NCH,CH,NH,
Cro; chromium-containing

species C

(@) Identify the grey-green precipitate A and the gas B formed in Reaction 1. Write an equation
for this reaction.

@)
(b) (i) Identify a reagent for Reaction 2.
(i)  Deduce the oxidation state of chromium in CrO -
(iii)  ldentify a reagent needed for Reaction 3. Write a half-equation for the conversion of
[Cr(OH)e]* into CrO
REAGENT ..ot
HAIf-8QUALION ...
(4)
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(c) (i) Draw the structure of the chromium-containing species C formed in Reaction 5.
Indicate the charge on species C.

(i)  Explain, by reference to the changes in bonding, why the enthalpy change, AH, in
Reaction 5 is close to zero.

(iii)  Explain why the free-energy change, AG, for Reaction 5 is negative.

()

(d) Identify the chromium-containing species present in the blue solution D formed in
Reaction 6 and state the role of zinc in its formation.

Chromium-contaiNing SPECIES ........cvviereereie et et e st ee et see e ereeeeseeenens

0] [=IK0 ) 41 1 (o RTPTTRRRRR
2

(e)  Two organic compounds are formed in Reaction 7. One of these compounds has a low
boiling point and can be distilled readily from the reaction mixture. The other compound
has a higher boiling point and is the main organic product formed when the reaction
mixture is refluxed.

(i)  Identify the organic product which has a low boiling point.

(if)  Identify the main organic product formed when the mixture is refluxed.

)
(Total 18 marks)
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10. State what is observed when an excess of aqueous ammonia reacts with an aqueous iron(l1)
salt. Write an equation for this reaction.

(Total 4 marks)

11. (a) State what is meant by each of the following terms.

) I T o T o S
(1) COMPIEX TON .ot
(iii)  Co-ordination NUMDEK ........ccccoiiiie et e e eeeees

@)
(b)  Using complex ions formed by Co®* with ligands selected from H,0, NHs, CI-, C,0%"
and EDTA", give an equation for each of the following.
(1) A ligand substitution reaction which occurs with no change in either the
co-ordination number or in the charge on the complex ion.
(i) A ligand substitution reaction which occurs with both a change in the co-ordination
number and in the charge on the complex ion.
(iii) A ligand substitution reaction which occurs with no change in the co-ordination
number but a change in the charge on the complex ion.
(iv) A ligand substitution reaction in which there is a large change in entropy.
®)
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(c)  Anaqueous solution of iron(ll) sulphate is a pale-green colour. When aqueous sodium
hydroxide is added to this solution a green precipitate is formed. On standing in air, the
green precipitate slowly turns brown.

(i)  Give the formula of the complex ion responsible for the pale-green colour.

(i)  Give the formula of the green precipitate.

(4)
(Total 15 marks)

12.
(i)  When agueous ammonia was added to an aqueous solution of cobalt(ll) sulphate, a
blue precipitate M was formed. Identify the cobalt-containing species present in
aqueous cobalt(I1) sulphate and the precipitate M.
Cobalt-containing SPECIES ........couiieiieie ettt eee e
PreCIPITALe IM ...
(i)  Precipitate M dissolved when an excess of concentrated aqueous ammonia was

added. The solution formed was pale brown due to the presence of the
cobalt-containing species P. Identify P.

(iii) On standing in air, the colour of the solution containing P slowly darkened as the
cobalt-containing species Q was formed. State the type of reaction occurring when P
changes into Q and identify the reactant responsible for this change.

TYPE OF FEACTION ...t

Reactant reSPONSIDIE .........coiiiiiiec e
(Total 5 marks)
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13. (@) Complete the following electron configurations.

() CU  15%2522P53S23D0 ..o
@)
(i) CUP" 15%2522P03S23D% ..o
@)
(b)  When aqueous copper (I1) sulphate is added to a large excess of concentrated hydrochloric
acid, the reaction represented by the equation below takes place.
[Cu(H,0)6]*"(ag) + 4CI(ag) == [CuCl,]*(ag) + 6H,O(1)
(i)  Name the type of bonding between the copper ion and the water molecules in the
complex ion, [Cu(H,0)s]*".
1)
(i)  State the shape of each of the complex ions.
(T Y 0) T OO
[CUCT I oot
)
(iii)  Describe the colour change which would be observed as the reaction takes place.
)
(c) (i) Describe the changes which are observed when aqueous ammonia is added dropwise,
until in excess, to aqueous copper(Il) sulphate.
2
(i)  Give the formula of the copper-containing complex ion which is present at the end of
the changes described in (c)(i).
1)

(Total 10 marks)
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14. (@ (i) Whatis meant by amphoteric character of a metal hydroxide?

(i)  Write two equations to show that aluminium hydroxide is amphoteric.

=01 =L o] o I PR

()
(b)  Given a solution containing a mixture of silver nitrate and aluminium nitrate, outline how
you would obtain from it a solution containing silver ions but no aluminium ions. Give the
formula and shape of the silver complex ion in the solution you would obtain.

<11 (o T TR

Formula of SHVEr COMPIEX 10N ..o s
Shape of Silver COMPIEX 10N .......cviiiiieice e

(%)
(Total 10 marks)
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15.

16.

Solid CuCl, forms a yellow-green solution when dissolved in an excess of concentrated

hydrochloric acid. When the yellow-green solution is poured into water, a blue solution is
obtained. When the yellow-green solution is treated with a reducing agent, a colourless solution

containing [CuCl,]™ is formed.

(i) Identify the species causing the yellow-green colour, state its shape and give the oxidation
state of copper in this species.

(i)  Write an ionic equation for the formation of the blue species from the one that is
yellow-green.

(Total 5 marks)

Identify, by formula, each of the species labelled A - I in the two reaction sequences described
below.

(@ Metal A dissolves in dilute sulphuric acid to give a pale green solution containing the metal
complex ion B. Treatment of B with sodium hydroxide solution gives a green precipitate C.
When precipitate C is allowed to stand in air, it becomes a brown precipitate D.

Formula of Metal A.......ooo i s
Formula of compPIeX 10N B.......cooiiiiiiieee e s

Formula of preCipitate C.........cooeoiiiiiiee et

Formula of preCipitate D.........cccveiiiiiiic et
(4)
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17.

(b)

(@)

(b)

Metal E dissolves in dilute nitric acid to form a blue solution containing the metal complex
ion F.
Treatment of F with an excess of concentrated hydrochloric acid gives a yellow-green
solution containing the metal complex ion G.
If complex ion F is treated with agueous ammonia, a blue precipitate H is formed.
Precipitate H dissolves when an excess of aqueous ammonia is added forming a dark blue
solution containing the metal complex ion 1.
FOrmula of MEtal E..........ccooveiiiecesee s
Formula of complex 10N ..o e
Formula of COMPIEX 10N G....ovvieiceeee s
Formula of precipitate H..........ccooviiiiiie s
Formula of complex ion | ..o
(%)
(Total 9 marks)
(i)  Write an equation to show why aqueous chromium(l11) chloride is acidic.

(i)  Explain why aqueous chromium(I11) chloride is more acidic than aqueous
chromium(I1) chloride.

®)
The addition of sodium hydroxide or of sodium carbonate to aqueous chromium(lIlI)
chloride results in the formation of the same green precipitate.
(i)  Identify this green precipitate.
(i)  State the role shown by both sodium hydroxide and sodium carbonate in the
formation of this green precipitate.
(iii)  Identify the gas evolved when carbonate ions react with aqueous chromium(lll) ions
and write an equation for the reaction occurring.
LC TRV Yo SR
EQUALION ...
(4)

(Total 7 marks)
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18.  Find the element gallium (Ga) in the Periodic Table and use its position to help you to answer the
guestions which follow.

(@  Gallium(ll) chloride dissolves in water in a vigorous reaction.
(i)  Write an equation for the reaction of gallium(lI1) chloride with water.
(i) Predict an approximate pH for the solution formed and explain your answer.
FAN o] o] o) 11T L= o] o SR

EXPIANGLION ... s

(4)
(b)  Predict what you would observe when a solution of gallium(I11) chloride is treated with
each of the following reagents added dropwise until in excess. Write equations for the
reactions which occur.
(i)  sodium carbonate
(@ o 1=T V=14 (0] 01 ) SR
EQUALION(S) .ttt
(i) sodium hydroxide
ODBSENVALION(S) ...veeveeivectietietie ettt sttt s be et s be e be e sreereane
EQUALION(S) vttt
(8)

(Total 12 marks)
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19. (a) Define the terms reducing agent and Lewis acid in terms of electrons.
REAUCING BOENT ...ttt e ettt ere e besae e e

[T TS Tod o TR TTTPRRRRRRR
2

(b)  Titanium(lV) chloride is a Lewis acid. Predict which one of the following will not react
with titanium(IV) chloride and give a reason for your answer.

CH3CH,OCH,CHj CH3CH,CH,CH,CHs CH3CH,CH,CH,NH,

g =To [ o1 1o o [ RETRTPRPRTRRR

O]

(c) By giving areagent or reagents and stating the observation with each compound, indicate
how you could distinguish between the substances in each of the following pairs.

(i) (NH4)2S04(aq) and NH4VO3(aq)
Reagent(s)

(i)  FeSO4(aq) and Fe,(SO4)3(aq)
T 1o L 0 () SRS

Observation with FeSO4(aq)

(6)
(Total 10 marks)
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20.

(i)

Mill Hill High School

Describe what you would see if cobalt(11) chloride solution were treated with sodium
hydroxide solution. Give the formula of the cobalt-containing product.

(@ o 1=T V2= 1[04 S
Formula of Product ...........coeiviieii e

Describe what you would see if hydrogen peroxide solution were added to the
mixture produced in part (c)(i). Give the formula of the cobalt-containing product.

OBSEIVALION(S) .vevvveteriereeieeie sttt n s
Formula of Product ...........oooii i

(4)
(Total 4 marks)
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21. (@) Give the reagents necessary to carry out each of the following conversions.
() [Co(Hy0)e]* — [Co(NHg)el*"
(i) [Co(H,0)e)*" — [CoCl,]*
(i) [Cr(Ho0)e]>" —> [CrO,]*

(iv) [VO > —> [V(H0)s]**

(®)

(b) Describe, with essential experimental details, how you could prepare a sample of iron(11)
carbonate starting from iron(11) hydroxide.

(4)
(Total 12 marks)

22. An aqueous solution of a transition metal compound contains a pink species P which is
converted into a blue species B when a high concentration of chloride ions is present.

Give the formulae of the species P and B, name their shapes, and write an equation for the
conversion of P into B.

Formula of P

SNAPE OF P .ttt enas

Formula of B

Shape of B

Equation

(Total 5 marks)
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23.

24,

Mill Hill High School

(a)

When aqueous cobalt(Il) chloride is treated with aqueous ammonia, a precipitate forms.

(i)

(i)

(iii)

(i)

Give the formula of this precipitate and write an equation, or equations, to show how
it is formed.

Formula of PreCipitate .......cocoveveie i
o [N Lo o) PSS

This precipitate dissolves when an excess of agueous ammonia is added and a pale
brown solution is formed. Give the formula of the cobalt species present in the pale
brown solution and write an equation to show how it is formed from the precipitate.
0] 0TV ] SO
EQUALION ... s

State what is observed when this pale brown solution is allowed to stand in air and
give the formula of the new cobalt species formed.

ODSEIVALION ..ottt et e et e et e e et e e e et e et e e e et e e eaeteeeeanneeeeeenees
FOIMUIA ..o ettt e et e e et eeeeeeaeeeeeeaans

(Total 8 marks)

Distinguish between the terms Lewis base and reducing agent.

By means of an equation, in each case, show how a bromide ion can behave as a
Lewis base in one reaction and as a reducing agent in another reaction.

BI™ @S @ LEWIS DASE ..oeeiiieeeeeeeee ettt ettt e e e et e e

(4)

22



(b) Describe by stating essential reagents and conditions how, starting from potassium
dichromate(V1), you would obtain a solution containing each of the following ions as the
only chromium species. Give an equation for the reaction in each case.

Cr¥*(ag)
R L=T Vo T 011 ()
(7o) a0 L1 (0] 11 TPTTTTT PP RTTPPRN

0 1 =1 1 o SR

Cr*(ag)
R L=T 1o T 11 ()
(7] 1[0 11170 0TRSO

0 1 =1 1 o PP

©)
(c)  Predict what you would observe, and give the formula of the chromium-containing product

obtained in each case, when solid sodium carbonate is added to aqueous solutions of each
of the following ions.

Cr*(aq)
Observations With NasCOs3 ........ccuiiiiiiiiiecece et ene
Formula of chromium-containing Product ..o
Cr*(aq)
Observations With NasCOs3 ........couiiiiiiiiiecece ettt ene
Formula of chromium-containing Product ...

(5)
(Total 18 marks)
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25. (@)

(b)

(©)

26. (@)

(b)

Octahedral and tetrahedral complex ions are produced by the reaction of transition metal
ions with ligands which form co-ordinate bonds with the transition metal ion.
Define the term ligand and explain what is meant by the term co-ordinate bond.

@)
(i)  Some complex ions can undergo a ligand substitution reaction in which both the
co-ordination number of the metal and the colour change in the reaction.
Write an equation for one such reaction and state the colours of the complex
ions involved.
(i)  Bidentate ligands replace unidentate ligands in a metal complex by a ligand
substitution reaction.
Write an equation for such a reaction and explain why this reaction occurs.
®)
The frequency, v, of light absorbed by a transition metal complex ion can be determined
using the relationship AE = hv. State what is meant by the symbols AE and h. Give three
factors which result in a change in the frequency of light absorbed as a result of the reaction
of a complex ion.
(5)

(Total 16 marks)

Explain what is meant by a substitution reaction of a transition metal ion.

Describe what you would see when aqueous ammonia is added dropwise until in excess to
separate solutions of copper(1l) sulphate and chromium(l11) sulphate.

Write equations for the reactions which occur.

(11)
The ligand 1,2-diaminoethane, NH,CH,CH,NH,, is a bidentate ligand. For each of the
following experiments, predict the formula of the final complex formed.
(i)  Anexcess of 1,2-diaminoethane is added to an aqueous solution of copper(ll)
sulphate.
(i)  Anexcess of 1,2-diaminoethane is added to an aqueous solution of cobalt(l1)
sulphate and air is bubbled through the mixture.
(4)

(Total 15 marks)
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217.

28.

Read the passage below. Identify each of A, B, C, D, E, F, G, H and I and write equations for all
the reactions occurring.

(a)

(b)

A is a black solid which dissolves in water to form a blue solution which contains a cation
B and an anion C.

The addition of agueous ammonia to the blue solution gives initially a blue precipitate D
which dissolves when an excess of agueous ammonia is added giving a deep blue solution
containing species E.

The addition of concentrated hydrochloric acid to the blue solution of A gives a
yellow-green solution containing species F.

The addition of aqueous silver nitrate to the blue solution of A gives a cream precipitate G.
Precipitate G is insoluble in dilute agueous ammonia but dissolves forming a colourless
solution containing species H when concentrated aqgueous ammonia is added. Precipitate G
also dissolves when an excess of an aqueous solution of sodium thiosulphate is added
giving a colourless solution containing species I.

(Total 15 marks)

Explain what is meant by the acidity or hydrolysis reaction of a metal-aqua ion.

Write equations to show that metal(l1)-aqua ions and metal(ll1)-aqua ions are acidic. State
and explain the difference in acidity between metal(ll)- and metal(l11)-aqua ions. Sodium
carbonate gives different types of product with metal(11)- and metal(l11)-aqua ions; identify
the products and explain why different products are obtained.

(12)
Three different products can be obtained in the reactions between aqueous copper(ll)
sulphate and aqueous sodium hydroxide depending on the amount of sodium hydroxide
added to copper(1l) sulphate. The reaction scheme is shown below.
1 mol CuSO,
1 mol NaOH(aq)
pale green precipitate containing sulphate ions
another mol NaOH(aq)
blue precipitate
excess concentrated NaOH(aq)
blue solution
Use your understanding of the hydrolysis reactions of metal-aqua ions to explain the
formation of these three products and identify the products by formula.
(8)

(Total 20 marks)
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