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1. Fe*" and Fe® ions are able to form a variety of complexes with different species.

Define complex.

........................................................................................................................................ [11
2. Define transition element.
..................................................................................................................................................................... [1]
3. Define degenerate d orbitals.
..................................................................................................................................................................... [1]
4. An aqueous solution of Fe(NO,); contains the complex [Fe(H20)g]*".

When solutions of KSCN(aq) and [Fe(H,Q)s]*(aq) are mixed, a colour change is observed. The red
complex [Fe(H,0);SCNJ** forms.

Define complex.
..................................................................................................................................................................... [1]
5. Define stability constant.
..................................................................................................................................................................... [1]

6. Phosphine, :PH;, and carbon monoxide, :CO, are monodentate ligands found in some transition element
complexes.

Define monodentate ligand.



7. Define transition element complex.

..................................................................................................................................................................... [1]
8. Explain what is meant by a polydentate ligand.
..................................................................................................................................................................... [2]
9. The calcium ions in [Ca(H,0)s]* and [CaEDTA]* have a coordination number of 6.

Explain what is meant by coordination number.
..................................................................................................................................................................... [1]
10. Define complex ion.
..................................................................................................................................................................... [1]
11. Explain what is meant by a bidentate ligand.
..................................................................................................................................................................... [2]
12. Define stability constant.
..................................................................................................................................................................... [1]

13. Copper is a transition element. It forms a wide variety of compounds.

(a) Define transition element.



(b) In an isolated Cu?* ion the d-orbitals are all degenerate. In a complex ion such as [Cu(H2 O)6 ]2+ the
d-orbitals are non-degenerate.

Define degenerate and non-degenerate in this context.
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14. Cu?* forms a complex ion containing water molecules and ethanedioate ions, C,0, %, as ligands. The
formula of the complex is [Cu(C,0, ), (H,0), ]*. The ethanedioate ion is a bidentate ligand.

Explain what is meant by bidentate.

..................................................................................................................................................................... [1]
15. Define stability constant.
..................................................................................................................................................................... [1]
16. (a) Define transition element.
..................................................................................................................................................................... [1]
(b) Manganese(lV) oxide, MnO, , acts as a heterogeneous catalyst.in the decomposition of hydrogen
peroxide, H,0, .

(i) Explain what is meant by a heterogeneous catalyst.
..................................................................................................................................................................... [1]
(ii) Describe the mode of action of a heterogeneous catalyst in a reaction.
..................................................................................................................................................................... [2]



..................................................................................................................................................................... [2]
18. Define stability constant, K, .
..................................................................................................................................................................... [1]
19. Titanium is a transition element in Period 4.

Itis commonly found as TiO, in minerals.

(a) Define transition element.
..................................................................................................................................................................... [2]
(b) Identify two typical properties of transition'elements

T e sereseeeesreessneeseeeesenene s e e o e e X B e,
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(c) Some reactions of TiO, are shown in Fig:3:1.
The anion, acac™, is a bidentate ligand.

Fig. 3.1

Cl, acac”
TiO, — TiCl, — Ti(acac),Cl,

HF
TiF*
(i) The titanium ions in TiFg >~ and Ti(acac), Cl , have a coordination number of 6.

State what is meant by coordination number.



(ii) Write an equation for the formation of TiFg 2~ from TiO, .

..................................................................................................................................................................... [1]
(iii) State what is meant by bidentate ligand.
..................................................................................................................................................................... [2]
20. Vanadium is a transition element in Period 4 of the Periodic Table.

(a) Define transition element.
..................................................................................................................................................................... [1]

(b) Vanadium shows typical chemical properties of transition elements, including variable oxidation states.

(i) State two other typical chemical properties of transition elements.

21. Methylamine, CH;NH,, is another primary amine. CH;NH, can act as a monodentate ligand.

Define monodentate ligand.

22. Cobalt forms the complex ion [Co(NH; ), (en), ]**. The abbreviation en is used for the bidentate ligand
1,2-diaminoethane, H, NCH,CH,NH, . The complex ion shows both geometrical and optical isomerism.

Define the term bidentate ligand.



23. Transition elements form complexes.

Molybdenum, Mo, forms an octahedral complex consisting of one Mo atom surrounded by carbon
monoxide, CO, molecules. CO is a monodentate ligand. Iron forms an octahedral complex consisting of one
Fe*" and a number of cyanide, CN-, ions. CN~ is a monodentate ligand.

Define the term monodentate ligand.

..................................................................................................................................................................... [1]
24. Define the term bidentate ligand.
..................................................................................................................................................................... [2]
25. Define the term transition element.
..................................................................................................................................................................... [1]
26. An aqueous solution of chromium(lll) contains the green [Cr(H, O)s ]** complex ion.

(a) Complete the electronic configuration of an isolated, gaseous Cr** ion.

£ £ TUUUUURUURUUURRRRRR Syl \, N, NGt SSECsr I 4 A SO [1]
(b) Define the term complex ion.
..................................................................................................................................................................... [1]
27. Define the term ligand.
..................................................................................................................................................................... [1]

28. The transition elements are able to form stable complexes with a wide range of molecules and ions.

State the meaning of transition element.
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29. When 1.0 mol dm= Na, S, O, (aq) is added to a solution containing Ag*(aq) ions, a linear complex, P, is
formed. S, 04> ions are present in P as monodentate ligands.

(a) Define the term monodentate ligand.

..................................................................................................................................................................... [2]
(b) Give the formula of P, including its charge.
..................................................................................................................................................................... [1]
30. EDTA*, is a polydentate ligand.

Explain what is meant by the term polydentate ligand.
..................................................................................................................................................................... [2]

31. (a) Iron is a transition element in the fourth period.“lronforms compounds containing the ions Fe?* and
Fe’*.

Define the term transition element.

..................................................................................................................................................................... [1]
(b) Define the term monodentate ligand.
..................................................................................................................................................................... [2]
(c) E is a complex ion, [Fe(C,0,), Cl, ]*, containing Fe?* with a coordination number of 6.

Define the term coordination number.
..................................................................................................................................................................... [1]

32. Copper is a transition element.
(a) Complete the electronic configurations of a Cu* ion & a Cu?* ion.

Cution: [Ar] .o,



CuZ ion: [Ar] oo [1]
(b) Explain why transition elements have variable oxidation states.

........................................................................................................................................ [1]
33. Silver, Ag, is a metal in the d-block of the periodic table.

Silver can form compounds containing either Ag* or Ag®* ions.

Explain why silver is a transition element.
........................................................................................................................................ [1]

34. Fe?* ions can be oxidised to Fe*" ions under alkaline conditions by suitable oxidising agents.

Iron is a transition element. Explain why iron forms stable compounds in both the +2 and the +3 oxidation
states.

35. Transition metals atoms and transition metals ions form complexes by combining with ligands.

Explain why transition elements form complex ions.

36. Potassium iron(lll) ethanedioate, K;[Fe(C,0,);], dissolves in water to form a green solution.

Explain why transition elements can form coloured complexes.



37. Explain why transition elements have variable oxidation states.

..................................................................................................................................................................... [1]
38. Iron is a transition metal in Group 8 of the Periodic Table.

Explain why iron has variable oxidation states.
..................................................................................................................................................................... [1]
39. Complete the shorthand electronic configurations of Fe and Fe®".

=
TS Y o O USSR [1]
40. (a) The molecule H,NCH,CH,NHCH,CH,NH, is a tridentate'ligand.

Suggest the meaning of tridentate ligand.
..................................................................................................................................................................... [1]
(b) Suggest how H,NCH,CH,NHCH,CH,NH, acts as-a-tridentate ligand
..................................................................................................................................................................... [1]
41. State two typical chemical properties of a transition element.
LSO UPR
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43. The complex ion [CoCl,]* has a tetrahedral geometry.

The 3d orbitals in an isolated Co?* ion are degenerate.

(a) Complete Fig. 2.2 to show the relative energies of the 3d orbitals in an isolated Co?* ion and in Co*"in a
tetrahedral complex.

energy

isolated Co2* ion Co?* in a tetrahedral complex
Fig. 2.2 [2]

(b) Draw the three-dimensional diagram to show the structure of the complex ion [CoCl,]*.

[1]

44. (a) Table 3.1 gives some details of different complexes of Fe?" and of Fe**. Complete Table 3.1.

Table3.1
complex ion ligand coordination number formula & charge of complex
E Fe* NH, 6
[FeCl,J*
G en [Fe(en),]**

[3]
(b) Complete Fig. 3.1 to show the splitting of the d-orbitals in a tetrahedral complex.

A

energy

Fig. 3.1 1]
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45. (a) The 3d orbitals in an isolated Ag+ ion are degenerate.

Sketch the shape of a 3d,, orbital in Fig. 2.1.

Y
! z
-
Fig. 2.1 [1]

(b) Name the shape of the complex ion [Ag(NH;),]".
State the bond angle for H-N-Ag and for N-Ag-N.
] = 1 P
bond angle for H-N-Ag = .............. °
bond angle for N-Ag-N=............ ° [2]

(c) Coordination polymers are made when a bidentate ligand acts as a bridge between different metal ions.
Under certain conditions Ru**(aq) and the bidentate ligand dps can form a coordination polymer containing
([Ru(dps)CL]), chains.

dps

3

Fig. 2.2

The bidentate ligand dps uses each of the nitrogen atoms to bond to a different Ru®*.
Complete Fig. 2.3 by drawing the structure for the coordination polymer([Ru(dps)Cl,]"),. Show two repeat

units. The dps ligand can be represented using N N .

~J
I

[2]

Fig. 2.3
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46. Transition elements behave as catalysts and can form complex ions.

(a) Explain why transition elements behave as catalysts.

..................................................................................................................................................................... [2]
(b) Silver forms the linear complex ion [Ag(CN),]".
Copper forms the tetrahedral complex ion [Cu(CN),]*".
Titanium forms the complex [TiCl,(diars),], where diars is a neutral bidentate ligand.
(i) State the oxidation state and the coordination number of titanium in [TiCl,(diars),].
oxidation state ............cccccceeeeieiiis
coordination number ..............cccevvvinnnnnn. [1]
(ii) Draw three-dimensional diagrams to show the shapes-of [Ag(CN),]” and [Cu(CN),]*", in the boxes.
Label one bond angle on each diagram.
Ag Cu
[2]

47. Five ligands are listed in Table 6.1.

Table 6.1
ligand type of ligand
NH,
EDTA%
CN~
H,NCH,CH,NHCH,CH,NH, tridentate

2_
C,0,
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Complete Table 6.1 using the words monodentate, bidentate and polydentate only.
Each of these three words may be used once, more than once, or not at all. [2]
48. The formulae of six complexes are given in Table 6.1.
The abbreviation en is used for 1,2-diaminoethane.
The abbreviation dien is used for the tridentate ligand H,NCH,CH,NHCH,CH,NH,.
The dien ligand forms three bonds to the gold ion in [Au(dien)(H,0),Cl 1** and Au(dien)Cls.
These three bonds all lie in the same plane.

The CO ligand coordinates through the carbon atom in [Rh(CO),Cl,]*.

Table 6.1
formula isomerism shown geometry
[Rh(en),CL,]* yes
[Rh(CO),CL,]" yes
[Au(dien)(H,0),C11?* 4 7[\
Au(dien)Cl, no octahedral
Ni(PH),Cl, no
[Ni(H,0),(NH,),J** yes

(a) Complete Table 6.1 to state the geometry of the first three complexes. Each complex is either square
planar, tetrahedral or octahedral. [1]

(b) Use complexes [Au(dien)(H,0),Cl ]** and Au(dien)Cl, to write an equation showing ligand exchange.

(c) Draw the three-dimensional structure of Au(dien)Cl; in the box.

N

The dien ligand can be drawn as N N,
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[1]

(d) Draw the three-dimensional structure of Ni(PH;),Cl, in the box.

Ni

[1]

49. A transition element is a d-block element which forms one or more stable ions with incomplete
d-orbitals.

Two of the 3d orbitals are the 3d,, orbital and the 3d,? orbital. Sketch the shapes of these two orbitals.

3d 3d..

Xy

¥ Fid
[ 1

[1]

50. Sketch the shape of a 3d,? orbital.



51. Sketch the shape of a 3d,, orbital. [1]

52. Vanadium is a transition element in Period 4 of the Periodic Table:

An excess of C,0, % reacts with VO, * to form a mixture of twe'ectahedral complex ions.
The complex ions are stereoisomers of each other.

Each complex ion contains a V" cation and three C,0, 2~ ions.

Complete the diagram to show the three-dimensional structure of one of the complex ions.

Include the charge of the complex ion.

N
Use O O to represent a C,0, % ion. [2]

15

[1]



53. [MnCl, ]* is a complex ion.

(a) Deduce the oxidation state of manganese in [MnCl, ]*~.

(b) The [MnCl, ]> complex does not contain any 180° bond angles.

oxidation state = ........ccooveviiiiiiiiiinns

Draw a three-dimensional diagram to show the shape of the [MnCl, > complex.

State one bond angle on your diagram. [2]

Mn

54. Transition elements form complexes.

Molybdenum, Mo, forms an octahedral complex consisting of .one Mo atom surrounded by carbon
monoxide, CO, molecules. CO is a monodentate ligand.-Iron forms‘an octahedral complex consisting of one
Fe®* and a number of cyanide, CN-, ions. CN- is a monodentate ligand.

(a) Complete the table by stating the formulae and‘charges of the complexes described. [2]

farmula

charge

molybdenum complex

iron(111) complex

(b) Draw a three-dimensional diagram to show the shape of this iron(lll) complex.

Label one 180° bond angle on your diagram. [1]

16



Fe
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55. (a) Four different compounds can be obtained when anhydrous chromium(lll) chloride reacts with water

under various conditions. When samples of each compound are reacted separately with aqueous silver

nitrate, different amounts of silver chloride are precipitated. The precipitation leaves the complex ions P, Q,

R and S in solution.

formucf | moles ofASCLBrRCPIRE! | compixion | Probert<f
CrCl,(H,0), 3 P non-polar
CrCI,(H,0); 2 Q polar
CrCl,(H,0), 1 R polar
CrCl,(H,0), 1 a O S non-polar

(i) Draw three-dimensional diagrams for the structures-of complex‘ions P, Q, R and S.
Include the charges for each complex ion. [4]
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(ii) Suggest why complex ion S is non-polar.

..................................................................................................................................................................... [1]
(b) The structure of picolinic acid is shown.

picolinic.acid

/ \ CO.H

—N
The conjugate base of picolinic acid is a bidentate ligand, Z.
(i) Draw the structure of Z.

1]

(ii) Z reacts with aqueous chromium(lll) ions, [Cr(H, O)s J**, in a 3 : 1 ratio to form a new neutral complex.
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State the coordination number and the geometry of the chromium(lll) centre in the complex.

coordination number .............ccc . geometry ... [1]
(c) (NH, ), Cr, O; decomposes readily on heating to form Cr, O, , steam and an inert colourless gas.

(i) Deduce the oxidation numbers of chromium in (NH, ), Cr, O; and in Cr, O; .

(NH4 )2Cr Oy o (O O R [1]

(ii) Construct an equation for the thermal decomposition of (NH, ), Cr, O, .

56. The transition elements are able to form stable complexes with a wide range of molecules and ions.

The d orbitals in an isolated transition metal ion are degenerate. In complexes, the d orbitals occupy two
energy levels.

(a) Complete the diagram to show the arrangement of d orbital energy levels in octahedral and in
tetrahedral complexes. [1]

A

energy

degenerate
d-orbitals
octahedral isolated transition tetrahedral
complex metal ion complex
(b) Sketch the shape of two d orbitals:
° one d orbital from the lower energy level in an octahedral complex
° one d orbital from the higher energy level in an octahedral complex.
Use the axes below. [2]
lower energy level higher energy level
z z
X X
y y
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57. (a) The electronic configuration of transition element Q is [Ar] 3d? 4s2.
Predict the likely oxidation states of element Q in compounds.

(b) Suggest why transition elements often show variable oxidation states in their compounds, but typical
s-block elements such as calcium do not.

58. When Cobalt (Il) Sulfate, CoSQ,, is dissolved in water, solution A is formed.
The reaction scheme in Fig. 2.1 shows some reaction of solution A.

EXCesSs

NaOH(aq) NH;(aq)
solution A | —————» solid B ——» | solution C

;

[CoCl,]%

Fig. 2.1

(a) Complete Table 2.1 to show the formula & colour of each of theicobalt-containing species present in A,
B and C. Identify the type of reaction forming each of B and C.

Table 2.1
formula of cobalt-containing colour of cobalt-containing type of reaction
species species
A —
C
[4]

(b) Suggest a suitable reagent for the forms of [CoCl,]* from solution A.
........................................................................................................................................ [1]

59. Transition metals atoms and transition metals ions form complexes by combining with ligands.
Co?" ions form complex ion G.

Each G contains two Co?* ions, both of which are octahedrally coordinated.
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Each G ion contains one O, molecule, which donates one pair of electrons to each Co? ion, & one NH,
ion, which donates one pair of electrons to each Co* ion.

(a) Deduce the formula of complex ion G. Include its overall charge.

formulaof G ... [2]

(b) The d-orbitals of the Co?*ions present in complex ion G are split. State the number of d-orbitals that are
at a higher energy level & the number of d-orbitals that are at a lower energy level in each Co* ion.

number of d-orbitals at a higher energy level

number of d-orbitals at a lower energy level

[1]

(c) Co?*ions form a different complex ion, M.

Each M ion contains two Co?"ions, both of which are octahedrally coordinated, but the ligands are different
from the ligands in G.

Explain why G and M have different colours.

60. Solutions containing the [Ag(NH,),]* complex are colourless.

Explain why this complex is colourless.

61. Iron is a transition metal in Group 8 of the Periodic Table.

An aqueous solution of Fe(NO;); contains the complex [Fe(H20)g]*".
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When solutions of KSCN(aq) and [Fe(H,0)s]**(aq) are mixed, a colour change is observed. The red
complex [Fe(H,0);SCNJ** forms.

(a) State the coordination number of Fe in [Fe(H,O)s]*".

..................................................................................................................................................................... [1]
(b) The H—O—H bond angle in water is 104.5°. Suggest the H—O—H bond angle in [Fe(H,O)s]*".

Explain your answer.
..................................................................................................................................................................... [1]
(c) Explain why iron complexes are coloured.
..................................................................................................................................................................... [3]
(d) Aqueous solutions of complexes [Fe(H,0)s*" .and [Fe(H,Q)sSCNJ]** are different colours.

Explain why these complexes are different colours:
..................................................................................................................................................................... [2]
62. Suggest why a solution of Cu?" is coloured but solid Cul is white.
..................................................................................................................................................................... [2]

63. Aqueous solutions of cobalt(ll) salts contain the complex ion [Co(H,0)g]**.

Samples of [Co(H,0)¢]** are reacted separately with an excess of aqueous ammonia, with an excess of
concentrated HCI and with an excess of aqueous sodium hydroxide, as shown in Fig. 2.1.
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Fig. 2.1

excess Excess
NHa(aq} NaOH(aq)
A «——— [Co(H,0)J*"(ag) ——— = C

excess
concentrated HCI

Complete Table 2.1 about the reactions shown by [Co(H,0)]*".

Table 2.1
reagent added to formula of cobalt colour and state of tvoe of reaction
[Co(HQD}E]2+(a(?I} species formed cobalt species formed P

an excess of NH,(aq) A=

an excess of

concentrated HCI B =

an excess of NaOH(aq) C =

N Y 4]
64. Copper is a transition element. It forms a wide variety.of compounds.

An aqueous solution of copper(ll) sulfate, CuSO, , contains [Cu(H, O)s ]** complex ions. If an excess of
concentrated hydrochloric acid is added to this solution a ligand exchange reaction occurs and [CuCl,]*

complex ions are formed.

(a) Complete Table 5.1 to state the geometry, the coordination number of copper, and one bond angle in
each of the two complex ions.

Table 5.1
complex ion geometry coordination number bond angle
[Cu(H,0)**
[CuCL,)*

[3]

(b) Explain why the solutions of the two complex ions in Table 5.1 are different colours.
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65. Titanium is a transition element in Period 4.
It is commonly found as TiO, in minerals.
(a) The TiO?* ion forms when TiO, reacts with an excess of sulfuric acid.
TiO?* can be reduced by zinc metal in acidic conditions to form a purple solution containing Ti**(aq).
(i) TiO**(aq) is a colourless ion.

Suggest why.

..................................................................................................................................................................... [2]
(ii) Give the electronicconfiguration of an isolated Ti*" ion.

182 ettt et ee e e eteeat e et e e eteeneeteeetesneeueeesesses SEEMEEEERR AT e s teeseeeteeaeeeteeeteeaneeteeeteeneeteeeteereeeteeateereeeteetearnees [1]
(iii) Write an ionic equation for the reduction of TiO?* by zinc metal in acidic conditions.
..................................................................................................................................................................... [1]

(b) When aqueous citrate ions, C4 Hs O, 7, are added to Ti**(aq), the [Ti(Cs Hs O;), > (aq) complex forms.

Explain, in terms of d-orbitals, why Ti** is able te.form complex ions.

66. (a) An excess of aqueous ammonia is added to dilute copper(ll) sulfate solution. A dark blue complex,
[Cu(NH; ), (H, 0), I*, is formed.

(i) Write an ionic equation for this reaction.



(b) An excess of concentrated hydrochloric acid is added to the dark blue solution of [Cu(NH; ), (H, O), ]**.
A new complex, Z, is formed. The colour of the solution changes.

(i) Write an equation for the formation of Z from the solution of [Cu(NH; ), (H, O), ]**. Include the formula
and charge of Z.

..................................................................................................................................................................... [2]
(if) Name the type of reaction when Z forms from [Cu(NH; ), (H, O), [**.
..................................................................................................................................................................... [1]
(iii) State the geometry of Z.
..................................................................................................................................................................... [1]
(iv) State the colour of a solution of Z.
..................................................................................................................................................................... [1]

(v) Explain why the colour of a solution of [Cu(NH; ), (H, O),]** is\different from the colour of a solution of Z.
You should refer to the energies of the orbitals involved in your answer.

68. An aqueous solution of chromium(lll) contains the green [Cr(H, O)s I** complex ion.
(a) [Cr(H, O)s I** (aq) shows some similar chemical properties to [Co(H, O)s ]** (aq).

Samples of [Cr(H, O)s ]** are reacted separately with eitherNaOH(aq), H, O, (aq), or excess NH; (aq).
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Use this information and the Data Booklet to suggest the formula of the chromium species formed. State
the type of reaction taking place in each case. [5]

reagent adn:ied to ﬁ::rmula_of chromium type of reaction
[Cr(H,O).]**(aq) species formed
MaOH(aq)
H,0,(aq)
an excess of NH,(aq)

(b) [Cr(H, O)s1?* and [Cr, (O, CCHj; ), (H, O), ] are both complexes of chromium(ll) and have different
colours.

Explain why the colours of these complexes are different.

(c) The structure of [Cr, (O, CCH; ), (H, O), ]iis shown. Ethanoate ions act as ligands in this complex. The

ethanoate ligand, CH3 COZ, is shown as\@ dey

(i) Water and ethanoate ions behave as different types of ligand in this complex.

Suggest an explanation for this statement.

(ii) Deduce the coordination number of Cr and the geometry around each Cr atom in this structure.
COOrdiNAtioN NUMDET ... e e e e e

geometry around CF @tOM .......oooiiiiiiiiiee e e e e e e e e e e e e e e e e e e ennnees 1]
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(iii) State the type of bond between the two atoms in the Cr—Cr bond.

..................................................................................................................................................................... [1]
69. (a) Complete the electronic configuration of an isolated gaseous nickel(ll) ion, Ni?*. [1]
3d 4s
A | 1
(b) Explain the origin of colour in transition element complexes.
..................................................................................................................................................................... [4]

70. (a) Iron is a transition element in the fourth period. Iron forms compounds containing the ions Fe?* and
Fe®.

(i) Compare the melting point and density of.iron with those.of calcium, an s-block element in the fourth
period.

L= (T o oo 1 | S P
[0 1= o 1R [1]

(ii) Complete the electronic configuration of an isolated gaseous Fe?" ion.

(iii) Aqueous Fe** ions form coloured complexes.

Explain the origin of the colour in transition element complexes.



(b) When an excess of CN~(aq) ions is added to green [Fe(H, O)s ]°*(aq) ions, yellow [Fe(CN)s ]*~ complex
ions are formed.

Heating [Fe(CN)g ]*- with dilute nitric acid and then neutralising the product with Na, CO; (aq) produces red
crystals, containing the [Fe(CN)s NOJ*>~ complex ion. NO is a neutral, monodentate ligand.

(i) State the shape of the [Fe(H, O)s]**(aq) complex ion.

..................................................................................................................................................................... [1]
(ii) Write the equation for the reaction between [Fe(H, O);]?*(aq) ions and an excess of CN-(aq) ions.
.................................................................................................................................................................... [1]
(iii) Deduce the oxidation states of iron in:

[FE(CN)g I* e [FE(CN)s NOT™ oo [1]

(iv) Complete the diagram to show the three-dimensional-structure of the [Fe(CN)s NO]*>~ complex ion. [1]

|

Fe

(v) The two complex ions [Fe(CN)s ]*~ and [Fe(CN)s NOJ*are different colours.
Explain why the colours of the two complex ions are‘different.

71. The shapes of four different complexes, P, Q, R and S, are shown in Table 5.1.
The symbol J represents an atom or ion of a transition element.

The symbol L is used to represent a monodentate ligand.
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Table 5.1

P Q

L I

“J L—J|—L
N L

R s

L

[
Y L—J—1L

|
L™ L

(a) Label one bond angle on each of the complexes P, Q, R and S, and identify the size of the angle in
degrees. [2]

(b) Identify the shapes of complexes P, Q, R and S.

(c) Two L ligands are exchanged with two different monodentate ligands X and Y in each of complexes P,
Q,Rand S.

Identify all the complexes which form new complexes that show geometrical isomerism.

........................................................................................................................................ [1]
(d) Three L ligands are exchanged with three different monodentate ligands X, Y and Z in each of
complexes P, Q and R.

Identify all the complexes which form new complexes that show optical isomerism.
........................................................................................................................................ [1]

72. Potassium iron(lll) ethanedioate, K;[Fe(C,0,);], dissolves in water to form a green solution.

The [Fe(C,0,);]* complex ion shows stereoisomerism.
Complete the three-dimensional diagrams in Fig. 3.1 to show the two stereoisomers of[Fe(C,0,);]*".

/--—-\\
The C,0,% ligand can be represented using O O
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isomer 1 isomer 2

Fe Fe

Fig. 3.1
9 2]

73. Two bidentate ligands are shown in Fig. 4.2.

en dpys

S

Fig. 4.2

Ruthenium(lll) ions, Ru®*", form an octahedral. complex, [Ru(dpys),Chli, with the ligands dpys and chloride
ions.

This complex shows the same kind of stereoisomerism as,[Ru(NH,),Cl,]* but also shows a different type of
stereoisomerism.

(a) Complete the three-dimensional diagrams in Fig. 4.3 to show the three different stereocisomers of

[Ru(dpys),Cl,]*. The dpys ligand can be represented using N N . [3]



isomer 1 isomer 2
Ru Ru

isomer 3

Fig. 4.3

(b) State the different types of stereoisomerism.shown by [Ru(dpys),Cl]".
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74. Nickel forms the octahedral complex [Ni(en),(H,0),]?*. This complex can exist in three isomeric forms,
listed in Table 6.2. One of these forms is a trans isomer, the other forms are two different cis isomers.

Table 6.2

isomer polarity

trans isomer

cis isomer 1

cis isomer 2
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(a) Complete Table 6.2 using the terms polar or non-polar. Each term may be used once, more than once,
or not at all. 1]

(b) Describe the difference between cis isomer 1 and cis isomer 2.

75. (a) One of the complexes, [Rh(en),Cl ,]" or [Rh(CO),CI ,]*, can exist in three isomeric forms.

Identify this complex and the types of isomerism shown.

(b) Draw the three-dimensional structures of the two isomers of [Ni(H,0),(NH3),]** in the boxes and identify
the type of isomerism shown.

type of isomerism shown ...........cccccveeeeeennnns [2]
76. (a) Some transition element complexes can show stereocisomerism.

State two types of sterecisomerism shown by transition element complexes.

(b) The complexes [Pt(NH,),Cl,] and [Pt(en).]** have the same geometry (shape) around the metal ion.
[Pt(NH,),Cl,] exists as two stereoisomers whereas [Pt(en),]** only has one possible structure.

State the geometry around the metal ion.



(c) The complex [Cr(en);]** exists as two sterecisomers whereas the complex [Cr(OCH,CH,NH,);]” exists
as four stereoisomers.

Complete the three-dimensional diagrams in Fig. 2.1 to show the four stereocisomers of
[Cr(OCH,CH,NH,)5]".

Represent the ligand —-OCH,CH,NH, by using O N,

“'\“ "I? f,l" y, e, | ‘“\\\“I‘:"

o

/T\ /T\

X, W\ M,
iy h, o W iy e,

Cr

/|\ /C|\

\.\\‘MxﬂhI

Fig. 2.1 [3]
77. The ethanedioate ion, C,0, 2-, can act as a bidentate ligand.
(a) The complex [Co(H,0),(C,0,)BrCl] exists as stereocisomers.

Complete the three-dimensional diagrams in Fig. 2.2 to show four stereoisomers of [Co(H,0),(C,0,)BrCI]".

7~
The C,0, = ligand is represented using O 0.

Fig. 2.2
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[3]

(b) State the oxidation state of cobalt in this complex-and a type of stereoisomerism shown.
oxidation stateof cobalt ...
type of Stere0iSOMErISM i ...ooviiiiiiiieeee e [1]
78. The Ni?* ion forms many different complexes. A solution containing the [Ni(H,O)s ]** complex ion is
green. When an excess of 1,2-diaminoethane,.en, H,NCH,CH,NH, , is added, the colour of the solution

changes to blue. This is due to the formation.of the [Ni(en); ]**.complex.ion.

(a) Explain why the two solutions are coloured, and why the ¢olours are different.

(b) The [Ni(en);]** complex can exist as a mixture of two stereoisomers.

Complete the three-dimensional diagram to show one of the stereocisomers. Each en ligand can be

represented using N N
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[1]

(c) Name the geometry of the complex ion drawn in (b)(ii) and the type of stereocisomerism shown by
[Ni(en)s I** .

Lo 10 .01
(=T oT (ST o] g T 4 =0 0 TR T 1 o [1]

79. Cu? forms a complex ion containing water molecules and 'ethanedioate ions, C,0, %, as ligands. The
formula of the complex is [Cu(C,0, ), (H30); 1> The ethanedioate-ion is a bidentate ligand.

(a) There are three stereoisomers with the formula [Cu(C,0, ), (H;0), ]*.

Complete the three-dimensional diagrams to show these three stereoisomers.



sterecisomer 1 stereoisomer 2

stereoisomer 3

[2]
(b) Use your answer to (c)(ii) to answer this question.
Stereoisomers 1, 2 and 3 show two different types of isomerism.

Name these two types of isomerism.

For each type of isomerism identify the pair of stereeisomers that demonstrate this isomerism.

type of isomerism pair of stereocisomers

and

and

[2]

80. (a) The 3d orbitals in an isolated Fe?*ion are degenerate.

Complete the diagram to show the splitting of the 3d orbital energy levels in an isolated Fe?* ion and when
Fe?* forms an octahedral complex. [2]
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energy

isolated Fe?* ion Fe?* in an octahedral complex

(b) Bipyridine, bipy, is a bidentate ligand.

The complex [Fe(bipy); ]** exists as two stereoisomers. Complete the three-dimensional diagrams to show
the two stereoisomers of [Fe(bipy); ]**. State the type of stereoisomerism shown.

Use N M to represent bipy in your diagrams.

Fe Fe

tYPE Of SEEIrEOISOMIEBIISIM ...ttt e e e ettt e e e e e e s bttt e e e e e e e snnbe e e e e e e e e e annneees [3]

81. Complete Table 1.1 to show the coordination number of each metal ion, and the shapes and overall
polarities of the complex ions listed. [2]

Table 1.1
. coordination polar or
complex ion shape
number non-polar
cis-[Pt(H.NCH,CH_,NH,)CI,] | sguare planar
[Ag(NH,),]* non-polar
[Fe(C.0.).]" 6
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82. (a) Explain why transition elements form coloured compounds.

(b) There are two possible sterecisomers with the formula [Cu(NH,), (H,O), ]*.
Draw three-dimensional diagrams to show the two stereoisomers. [2]

83. (a) Ti(acac),Cl , shows both optical and geometrical’(cis/trans) isomerism.
Ti(acac), Cl , exists as three stereoisomers.
The structure of one stereoisomer of Ti(acac), Cl , is shown in Fig. 3.2.

Fig. 3.2

stereoisomer 1

acde |
A\
\\\\\“‘“ asac
Ti o
Gf/
Cl

Complete the structures of the other two stereoisomers of Ti(acac),Cl , . [2]



sterecisomer 2

stereoisomer 3

(b) The acac™ anion is symmetrical.

Deduce which, if any, of stereoisomers 1, 2 and 3 in (a) are polar.

Explain your answer.

39

84. Cobalt forms the complex ion [Co(NH; ), (en), ]**. The abbreviation en is used for the bidentate ligand
1,2-diaminoethane, H, NCH,CH,NH, . The complex ion shows both geometrical and optical isomerism.

Draw three-dimensional diagrams for the twoe optical isomers of [Co(NH; ), (en),]**. Each en ligand can be

represented using N

N . [2]

Co

Co




85. The complex [Ru(en); I** shows stereoisomerism. The ligand en is bidentate.

40

Draw three-dimensional diagrams to show the two isomers of [Ru(en); ]**. Represent the ligand en by using

N N .

Name the type of sterecisomerism.

isomer 1

isomer 2

type of stereoisomerism

86. Platinum forms a complex ion with the formula [Pt(CN), Cl, ]*. In this complex ion the carbon atom of

each CN- ligand bonds to the platinum ion. This complex shows stereocisomerism.

(a) There are only two isomers of this complex.-Draw structures of these two isomers in the boxes below.

[1]

Pt

Pt

(b) Describe the geometry of [Pt(CN), Cl, >

(c) Name the type of stereocisomerism shown by [Pt(CN), Cl, ]*.



87. The [Co(NH; ); Cl 5 ] complex shows stereocisomerism.

Complete the three-dimensional diagrams to show the two isomers of [Co(NH; ); Cl 5 ].
Suggest the type of stereocisomerism.

type of stereoisomerism ...........ccccceeiiiiiiiiiiice e, [2]

88. The complex ion [NiBr, (CN), > shows stereoisomerism. Draw diagrams to show the two isomers of
[NiBr, (CN), ]*. Name the type of stereoisomerism.

isomer 1 isomer 2

type of stereocisomerism

.............................................................................. [2]

89. E is a complex ion, [Fe(C, 0, ), Cl, ]*, containing Fe?* with a coordination number of 6.

(a) E shows both optical isomerism and cis-trans isomerism.

ey
One isomer of E is shown. The C,0O, % ion is represented as ~0X

In the boxes, draw three-dimensional diagrams to show:
e the trans isomer of E
e the optical isomer of E. [2]
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ox” n trans isomer
v
o |
Cli
~ cisisomer 4-
F|e
optical isomer

(b) [Fe(C, O, ), Cl, ]* contains ligands which are anions of ethanedioic acid, HO, CCO, H.

Complete the table to show any observations.for the.reactions of HO; CCO, H with the named reagents.

Where no change is observed, write ‘none’. [2]

reagent observations with HO,CCO.H

warm acidified manganate({VII)

2 4-dinitrophenylhydrazine

warm Tollens’ reagent

90. Cadmium forms complex ion X, [Cd(NH3),]*".

When a solution containing CN- ions is added to an aqueous solution of X, a ligand exchange reaction
takes place, forming complex ion Y. Y contains no NH; ligands and no H,O ligands.

Y is in @ much higher concentration in the mixture than X.
The oxidation state and coordination number of cadmium do not change in this reaction.

(a) Write an ionic equation for this reaction, using the formulae of the complex ions.

42
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(b) Cadmium forms complex ion Z in the same oxidation state and with the same coordination number as in
X. All the ligands in Z are CI ions.

When NaCl (aq) is added to a solution of X, very little Z forms.

Write the three cadmium complexes, X, Y and Z, in order of increasing stability constant, K.

smallest values of K, largest value of K,
91. Table 3.1 gives values for the stability constants, K, of different complexes of iron. .
Table 3.1

complex stability constant, Kstab
[Fe(H20)s(HPOL)** 5.90 x 10°
[Fe(H,0)sSCNJ** 1.30 x 102

(a) [Fe(H,0)s(H,PO,)1?* can form when H,PO, reacts with™ [Fe(H,0)e]**.

Write an equation for this reaction.

..................................................................................................................................................................... [1]
(b) Write an expression for Kstab of [Fe(H,0)sSCNJ?* andgive'its units.
Kstab =

UNIES = oo [2]
92. The numerical value of the stability constant, K., of the copper(l) complex [Cu(CN),J*" is 2.0 x 10%".
(a) Write an expression for the Kstab of [Cu(CN),J*".

Kstab =
[1]

(b) In a solution the concentrations of CN~ and [Cu(CN),]*" are both 0.0010 mol dm™3,
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Use your expression from (c)(i) and the value of K, to calculate the concentration of Cu*(aq) in this
solution.

concentration of Cu*(aq) = ......cocccvvvieeeeeeeiiins mol dm= [1]

93. The structure of the polydentate ligand, EDTA*, is shown in Fig. 4.1.

:": :(l_lj':

" :0—CCH, CH,C—0:
- "\“ ../ -
L _NCH,CH,N_ L
:0—CCH, CH,C—0:
I |
:0: :0:
Fige 4.1

The stability constants, at 298 K, of five octahedral'.complexes are'given in Table 4.1.

Table 4.1

complex Kédo
[CUEDTA) | _6:31 xgt018
[Cr(EDTA)]% | 1400 % 1073
[CrEDTA) D |4.00 x 1024
[Fe(EDTA)?- 2.00 x 104
[Fe(EDTA)] 1.26 x 1025

(a) Calculate the oxidation states of Cu in [Cu(EDTA)]* and Cr in [Cr(EDTA)]".

(03 SRR [1]



(d) In a solution at equilibrium at 298 K, [Cu(H20)]**] = 3.00 x 107" mol dm= and [EDTA*] = 5.00 x 1072
mol dm=.

Use the expression for K, to calculate the concentration of [Cu(EDTA)]?"in this solution.
Show your working.

[[CUEDTA)PT] = oo mol dm= [2]
(e) A solution of [Cu(EDTA)]* ions is pale blue while a solution of [Cu(NH,),(H,0),]*" ions is deep blue.

Explain this difference in colour.

94. EDTA* is a polydentate ligand.
(a) (i) Group 2 metal ions can form complexes similar to those of transition elements.

A solution of EDTA* is added to water containing [Ca(H50 )sJ** to form a new complex, [CaEDTA]*, as
shown.

equilibrium 1 [Ca(H,0)e]** + EDTA* = [CaEDTA]* + 6H,0

Circle on the structure of EDTA* in Fig. 1.2 the six atoms that form bonds with the metal ion. [1]

EDTA*
ﬁ ﬂ
‘D—CCHZ\NCH i _~CH,C—0"
2 2
‘D—(|3‘CH2/ \\‘*CHEI‘.“,—D‘
O o)

Fig. 1.2
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(ii) The complex [CaEDTAJ?* can be used to remove toxic metals from the body.

Table 1.2 shows the numerical values for the stability constants, K, for some metal ions with EDTA*-.

Table 1.2
complex Keiab
[CaEDTAJ?- 5.0 x 1010
[CrEDTA]™ 2.5 x 1023
[FeEDTA]~ 1.3 x 1025
[PbEDTA]?- 1.1 x 1018

An aqueous solution containing [CaEDTAJ]* is added to a solution containing equal concentrations of
Cr¥(aq), Fe*'(aq) and Pb?*(aq). The resulting mixture is left to reach a state of equilibrium.

State the type of reaction when [CaEDTA]* reacts with Cr**(aq), Fe**(aq) and Pb?*(aq).

(b) A solution of Cr*(aq) and a solution of Fe**(aq) have-different colours.

Explain why the two complexes have different colours.

95. An aqueous solution of copper(ll) sulfate is a blue colour due to the presence of [Cu(H, Q) ]** complex
ions.

(a) (i) Write an equation for the reaction between [Cu(H, O)¢ ]** ions and NaOH(aq).

(b) If an excess of ammonia is added to a solution of [Cu(H, O)s]** a deep blue solution containing
[Cu(NH; )4 (H, O), ]** complex ions is formed.

(i) There are two possible stereoisomers with the formula [Cu(NH; ), (H, O), ]*.

Complete the diagrams to show the two stereocisomers in the boxes below.
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isomer 1 isomer 2

1]
(ii) Use your answer in (b)(i) to deduce whether each of these isomers is polar or non-polar.
(910 = 1§ VAo N E=To T 0 1Y e PP PPPPP
10 F= T4 A2 Yo ] o 4= PP [1]

(c) (i) Compare the stabilities of the [Cu(H, O)¢]** and [Cu(NH; ), (H, O), ]** complex ions. Explain your
answer.

..................................................................................................................................................................... [1]
(ii) Write an expression for the stability constant, K., , of the [Cu(NH; ), (H,O), ]** complex ion.
State the units of the stability constant.
Kstab =
UNItS = oo [2]

(iii) In a particular solution the concentration of the [Cu(NH; ), (H, O), ]** complex ion is 0.0074 mol dm=
and the concentration of NH; is 0.57 mol dm™.
Use your expression in (c)(ii) and the K, value of 1.40 x 10" to calculate the concentration of the
[Cu(H, O)s]** complex ion in this solution.

concentration of [CU(H,0)61% = cvveeveeeieeceeeeeee, mol dm= [1]

(d) Phenanthroline, C,, Hg N, , and ethanedioate ions, C, 0, %, are bidentate ligands.

Ruthenium(lll) ions, Ru®**, form an octahedral complex with phenanthroline and chloride ions. The complex
ion contains two phenanthroline molecules.
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Iron(lll) ions, Fe*", form an octahedral complex with ethanedioate ions only.

Deduce the formula and charge of each of these complex ions.
(U ot 7o) [ QOSSOSO
F @3 COMPIBX ..ttt ettt et ettt ettt e te e e e s e be e s e eae e seessesaeebeesteebeeseenseeaeeseeneesreenseeneesaeense e [2]

96. An aqueous solution of cobalt(ll) chloride is a pink colour due to the presence of [Co(H2 O)6 ]2+
complex ions.

(a) (i) Complete Table 6.1 to describe what is observed when the named reagent is added to an aqueous
solution of cobalt(ll) chloride.

Table 6.1
reagent colcr_ur_ of - stat_e .Of
cobalt-containing product cobalt-containing product
NaOH(aq)
an excess of conc. HCI
E : [2]
(ii) Write an equation for the reaction between [Co(H,O)s ]**.ions.and NaOH(aq).
..................................................................................................................................................................... [1]
(iii) Write an equation for the reaction between [Co(H,O), J** ions and an excess of conc. HCI.
..................................................................................................................................................................... [1]
(b) (i) Write an expression for the stability constant, K., of the [Co(NH; )¢ ]** complex ion.
Ketap =
[1]

(ii) Give the units of the stability constant, K, , of the [Co(NH; )s ]** complex ion.

UNits = ..o, [1]

(iii) The numerical value of the stability constant, K, , of the [Co(NH; )s ]** complex ion is 7.7 x 10%.

In an aqueous solution the concentration of the [Co(NH; )s ]** complex ion is 0.0740 mol dm=and the
concentration of NH; is 0.480 mol dm=2 at equilibrium.

Calculate the concentration of [Co(H,0)s ]** in this solution.

concentration = .............................. mol dm= [1]



97. (a) Nickel can form complexes with the ligands en, H,NCH,CH,NH, , and tn, H,NCH,CH,CH,NH, , as *
shown.

equilibrium 1 [Ni(H,O)s ** + 3en = [Ni(en);]** + 6H,0 Kap = 6.76 x 10"

equilibrium 2 [Ni(H,O)s I** + 3tn = [Ni(tn);]** + 6H,0 Kstap = 1.86 x 102

Construct an expression for the stability constant, K, , for equilibrium 1.

State the units for K, .

Kstab =

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

98. (a) Methylamine, CH;NH,, is anotherprimary amine..CH;NH, Can act as a monodentate ligand.

Cu?*(aq) reacts with CH;NH, to form [Cu(CH;NH,),(H,0),]**. Draw three-dimensional diagrams to show the
two geometrical isomers of [Cu(CH3;NH,),(H,0).]*". [2]

(b) Cd?*(aq) ions form tetrahedral complexes with CH;NH,, OH~and ClI-ions, as shown in equilibria 1, 2 and
3.

equilibrium 1 Cd?(aq) + 4CH;NH,(aq) = [Cd(CH3NH2)4]2+(aq) Kean = 3.3 x 10°
equilibrium 2 Cd?*(aq) + 40H(aq) = Cd(OH)4 2—(aq) Kstap = 5.0 x 108
equilibrium 3 Cd?*(aq) + 4Cl(aq) = CdCl 4 2—(aq) Ksap = 6.3 x 102

(i) Give the units of K, for equilibrium 1.
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(ii) Write an expression for K, for equilibrium 3.

Kstab =

[1]
(iii) A solution of Cl (aq) is added to Cd?*(aq) and allowed to reach equilibrium. The equilibrium
concentrations are given.
[Cd?*(aq)] = 0.043 mol dm™
[Cl <(aq)] = 0.072 mol dm™®
Use your expression in (b)(ii) to calculate the concentration of CdCl,>(aq) in the equilibrium mixture.
[CACLZ(AQ)] = weeereeereeeeeeee e, mol dm= [1]
(iv) When CH;NH,(aq) is added to Cd**(aq), a. mixture of [Cd(CH;NH,),]**(aq) and [Cd(OH),]*(aq) forms.
Suggest how the [Cd(OH),]*(aq) is formed.
..................................................................................................................................................................... [1]

(v) Cd?*(aq) exists as a complex ion, [Cd(H,O)s]**(aq).

Identify the most stable and the least stable of the complexes in Table 4.1 by placing one tick in each
column.

Explain your answer.

Table 4.1
complex most stable least stable
[Cd(H,O)g]**(aq)
[Cd(OH),]* (aq)
[Cd{CH3NH2)4]2+(aq}

[CACLJ* (aq)




..................................................................................................................................................................... [2]
99. An excess of agueous ammonia is added to a solution containing the complex ion [Co(H, O)s J**.
[Co(H, O) ** + 6NH; = [Co(NH; ) J** + 6H,0
(a) Complete the sentence to describe the colour change that will be seen during this reaction.
The colour changes from ............cvvvvvevveeiieeiieeeeeeeeeeeeeee (o T . [1]
(b) Write an expression for the stability constant, K, , of [Co(NH; )s ]**.
Kstab =
[1]

(c) The numerical value of Kstab of [Co(NH; )s J?* is 7.7 x 10%.

What deduction about the properties of [Co(NH; ); ]** and [Co(H, Q) ]** can be made from this K, value?

edds* edta*
CO,”
CO, (
H
-0,C N N CO,”
2 \\/\N co,- N/\“/ ~ 2
’ N
CO, CO,”
The formulae of the complexes are [Fe(edds)]” and [Fe(edta)]” respectively.
(a) On the diagram of edds*, circle each atom that forms a bond to the Fe* ion in [Fe(edds)]". [1]
(b) [Fe(edds)] is red and [Fe(edta)] is yellow.

Explain why the two complexes have different colours.



(c) When edds*(aq) is added to Fe**(aq), the following reaction occurs.
[Fe(H, O)s I"(aq) + edds*(aq) = [Fe(edds)](aq) + 6H, O(l)

State the type of reaction that occurs.
(d) Write an expression for the stability constant, K, , of [Fe(edds)] (aq).

Kstab =

[1]

(e) The table shows the values for the stability constants, K, 0f both complexes.

4 | \
-1 3
complex a { K{_Hba’mol dm

[Feledds)] 398 x10%

[Fe(edta)]” 1.26/< 40%

Predict which of the [Fe(edds)]” and [Fe(edta)]” complexes is more stable.

Explain your answer with reference to the K, value for each complex.

101. A solution is made by dissolving CuSO, *5H,0 in an excess of aqueous ammonia. This solution
contains the copper complex [Cu(NH;), ]*.

(a) (i) Write an expression for the K, of [Cu(NH; ), ]**.

Kstab =
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(ii) State the colour of the solution of [Cu(NH; ), ]**+.

The solution of [Cu(NH; ), ]** is heated gently in a fume cupboard so that NH, is released. Some NH;
remains in solution and some forms NH; gas. The colour of the solution changes; a precipitate of Cu(OH),
forms and is collected.

A sample of Cu(OH), is added to concentrated hydrochloric acid. A reaction takes place forming a coloured
copper complex, Y.

A sample of Cu(OH)2 is added to dilute sulfuric acid. A reaction takes place forming a coloured copper
complex, Z.

[Cu(NH;), 1*, Y and Z are different colours.

(b) Suggest an equation for the reaction of [Cu(NH, ), ]** to form Cu(OH), as the aqueous solution of
[Cu(NH,), I* is heated.

(d) Complete the table with the colour and geometry of complex'Y and the colour, geometry and formula of
complex Z. [2]

colour of complex

geometry of complex

formula of complex

(e) Explain why complexes Y and Z are coloured and why their colours are different.



..................................................................................................................................................................... [5]
102. EDTA*, is a polydentate ligand.
(a) When a solution containing EDTA* is added to a solution containing [Cd(H, O)s]** a new complex is
formed, [CdEDTAJ*.
equilibrium 1 [Cd(H,0)s]** + EDTA* = [CAEDTAJ* + 6H, O
Circle, on the structure of EDTA*, the six atoms that form bonds with the metal ion. [1]
EDTA*
| |
“O—CCH, CH,C—0O"
NCH,CH,N
'O—iﬁCH2 CH2(|T—O'
0 @)
(b) Write an expression for the stability constant, K, , forequilibrium 1, and state its units.
2.
UNits = oo, [2]
Marking Scheme:
Question Answers Marks
1 (central) metal / transition element atom /ion 1
AND
surrounded by / bonded to ligands
2 element which forms one or more stable ion with incomplete d orbitals 1
3 orbitals of the same energy 1
4 (a molecule or ion formed by a central) metal atom/ion 1
surrounded / bonded by one or more ligands
5 equilibrium constant for the formation of a complex in a solvent / from its 1
constituents
6 donates one Ip to metal atom or ion 1
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7 metal atom or ion bonded to one or more ligands
8 M1 (a species) that donates more than two lone pairs
M2 to form dative / coordinate bonds to a metal atom or ion
9 the number of co-ordinate bonds being formed by the metal ion
10 (is a molecule or ion formed by a central) metal atom / metal ion
bonded / surrounded by (one or more) ligands
11 M1 (a species) that donates / uses two lone pairs
M2 to form a two dative / coordinate bond to a metal atom/ metal ion
12 the equilibrium (constant) for the formation of the complex ion in a solvent from
its constituent ions or molecules
13 (a) a d-block element that forms one or more stable ions with incomplete d-orbitals
(b) degenerate — of the same energy
non-degenerate — not of the same energy / different energy
14 forms 2 dative / coordinate bonds
15 the equilibrium constant for the formation-of a complex ion in a solvent OR the
equilibrium constant for the formation of a complex ion from its constituent ions
16 (a) forms one or more stable ions/ compounds /-oxidation states
with incomplete / partially filled(3)d-orbital(s) /'d=shell’/ d-subshell
(b) (i) the catalyst and the reactants are in a different state / phase
(i) M1 adsorption of reactants to the surface of the catalyst
M2 bonds in the reactants weaken (lowering the activation energy)
M3 reaction occurs and the products are desorbed
17 M1 (a species) that donates / usestwo-lone pairs
M2 to form dative / coordinate bonds to a metal ‘atom /metal ion/ TM/TE / metal
18 the equilibrium constant for the formation of the complex ion in a solvent (from its
constituent ions or molecules)
19 (a) (d-block) element that forms one or more stable ions with incomplete d
subshell / incomplete d orbitals
(b) * variable oxidation states
* behave as catalysts
« form complex ions / complexes
« form coloured compounds/ions
Any two for one mark
(c) (i) the number of co-ordinate bonds being formed by the metal atom/ion

(ii)

TiO, + 6HF — TiFs2 + 2H,0 + 2H"*
OR
TiO, + 6HF — TiFs2 + 2H,0"

(iii)

species with two lone pairs (of electrons) [1]
that form dative covalent/ co-ordinate bonds to a central metal atom/ion [1]
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20 (a)

(a d-block element forms one or more)
stable ions with incomplete filled d-subshell

(b) (i)

* they behave as catalysts
« they form complex ions / complexes
* they form coloured compounds / salts / ions

any two

(i)

the d and s sub-shells/orbitals are close/similar in energy

21

species that uses one lone pair of electrons
that forms a single dative covalent bond to a central metal atom/ion

22

(a species) that donates two lone pairs to form two dative bonds [1]
to a (transition) metal atom / metal ion [1]

23

donates one lone pair/forms one dative bond AND to metal atom /to metal
ion [1]

24

M1: (a species) that donates two lone pairs / forms two coordinate bonds / two
dative bonds
M2: to a metal atom / metal ion

25

(an element) forming stable ion/ions /compound(s) / oxidation state(s)
AND with partially filled / incomplete
AND d orbitals /d subshell / d shell

26 (a)

[1s?] 2822p®3s23pf3d?

(b)

(a molecule or ion formed by a central) metal atom/ion surrounded by / bonded to

one or more ligands

27

(a species) that uses / shares a‘lone pair of electrons-to form a coordinate bond
to a metal atom/ion

28

(element that forms one or more stable) ions with incomplete/ partially filled
3d-orbitals/d-subshell

29 (a)

(a species) that donates one lone pair [1]
to form a dative / coordinate to a central metal atom / metal ion [1]

(b)

[AG(S:05)I [1]

30

M1 (a species) that donates/uses a many lone pairs/more than one lone pair
M2 to form a dative/coordinate to a metal atom/metal ion/TM/TE/metal

OR

M1 (a species) that donates/uses lone pairs to form many/more than one
M2 dative/coordinate bond to a metal atom/metal ion/TM/TE/metal

31 (a)

forms (one or more stable) ions with partially filled (3)d-subshell

(b)

M1 forms a single / one dative bond to a (central) metal atom/ion
M2 with lone pair (of electrons)

(c)

the number of dative bonds formed with/by the (central) metal atom/ion
OR number of bonds between the ligands and the (central) metal atom/ion

32 (a)

(Ar) 3d"° AND (Ar) 3d°
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(b)

similar energy of 3d and 4s subshells

33 (Ag(*") is a) forms stable ion(s)
with incomplete d orbitals / an incomplete d subshell
34 similar energy of the (3)d and (4)s subshells / orbitals
35 empty (d) orbitals are energetically accessible
OR empty (d) orbitals can form dative bonds with ligands
OR empty (d) orbitals can accept a lone pair from ligands
36 M1 d orbital(s) of different energy / d-d splitting occurs
M2 electron(s) promoted / excited
M3 light is absorbed AND colour seen is complementary
37 the (3)d and (4)s (sub-shells/orbitals) are close/similar in energy
38 energies / energy levels of the 3d and the 4s (sub-shells / orbitals) are similar
OR the difference between the 3d and the 4s is small
39 Fe = [Ar] 3d®4s? AND Fe** = [Ar] 3d°
40 (a) (ligand that) donates 3 lone pairs to central metal atom/ion
OR
(ligand that) forms 3 dative bonds to central metal atom/ion [1]
(b) ref to using the electrons /lone pair on (each)N-/amine group [1]
41 Any two from:
e they have variable / multiple oxidation states OWTTE
e they behave as catalysts
e they form complex ions /'complexes
e they form coloured compounds/ions
42 the d and s sub-shells / orbitals'are close / similarin.energy
43 (a) - five (3d) orbitals (lines, boxes) in the isolated:Co*ion of same energy

* splitting three higher and two lower d orbitals

* energy of all d orbitals in the complex.clearly higher than all d orbitals in isolated

ion

any two [1] all three [2]

(b)

Ci

Co-u1Ct
ot Wy
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44 (a)
complex ion liaand coordination formula and charge
P 9 number of complex
E Fe?: NH3 6 [Fe(NHs)s]*
F Fez: Ck 4 [FeCli]2-
G Fed+ en 6 [Fe(en)s)*
any two [1] any four [2] all six [3]
(b) three(3) higher AND two(2) lower boxes / energy levels
45 (a) y
A -
~v
Sete—> X
(b) M1 bond angle H-N-Ag is 109.5°
M2 shape is linear AND bond angle for N~Ag-N is 180°
(c) For example:
Cl / N O \
______ N N N N ------
\F\Ju/ \\Ruf:\
\\ _/
C|/ ‘ Cl Cl Cl
cl Cl
M1 presence of dps ligand bonded to two Ru
M2 the rest of the structure correct
46 (a) more than one (stable) oxidation state [1]

empty / vacant (d) orbitals are energetically accessible
OR empty / vacant (d) orbitals can form dative bonds with ligands [1]

(b) (i)

oxid. no. = + 4 AND coord. no. = 8 [1]

(ii)

bond angle must go from bond to bond
OR CN group to CN group diagram

« for Ag: NC—Ag—CN

* angle = labelled 180°
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CN CN
‘ OR I
Cu.,, JCu.y,
NC \CN NC \CN

« for Cu:
* angle = labelled 109-110°
any two [1] all four [2]

47

NH; = monodentate

EDTA* = polydentate / hexadentate
CN~ = monodentate

C,0,% = bidentate

any two [1] all four [2]

48 (a)

octahedral
square planar
octahedral [1]

(b)

[Au(dien)(H,0),CI]?* + 2CI- — [Au(dien)Cl 5] + 2H,0 [1]
OR [Au(dien)Cl 5] + 2H,0 — [Au(dien)(H30),CI]?* + 2CI-

(c)

/" T Cl
N j.u"
&

N

Cl

(d)

PH:
X
Mi~

/. N

PH: C1

49

3‘1“ 3d,z

y

3dy 3d,?
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50
d OR
51
52 (a d-block element forms one or more)-stable ions with incomplete filled
d-subshell
53 (a) +2
(b) (|31
N
Cl (1
bond angle labelled 109.5° [1]
54 (a) Mo(CQO)s 0/no charge/ neutral / zero
Fe(CN)s 3-
both formulae [1]
both charges [1]
(b) either of these renditions, with a CN on each bond

AND

180° bond angle between two opposite bonds [1]
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55 (a) (i)

3+
OH; ci 2+

H:00,, | WOH> H20p, | WOH2
.Cr. "'Cr“‘
o | ou, H07 | VoM,

OH; OH;

R s

Cl * Cl

HQO"‘!‘!{, ‘\\\\Cl Hzo‘r”’r.l | “‘\\\OHQ

Cr. c
1o? | Vor, 107 | “Vor,
OH; cl

M1: All charges

M2: One octahedral with correct 3D
M3: All formulae

M4: R is cis, S is trans

(i)

dipoles cancel

(b) (i)

S\

N structure of the picolinate anion ligand

(i)

(coordination number) six
AND (geometry around Cr) octahedral

(c) ()

(NH,).Cr,O;  +6
Cr,0,4 +3

(ii)

(NH4)2CI'207 — N2 + CI’203 + 4H20

56 (a)

oo LIJ ano 7, LI
[I1] L]

(b)

M1: lower energy level (in between axes)

M2: higher energy level (on the axes)
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57 (a)

+4 and any of +1, +2, +3

(b)

close similarity of energy of the 4s and 3d sub-shells

58 (a)

A = [Co(H,0)¢]* pink

B =[Co(H,0)4(OH),] / Co(OH), blue

C = [Co(NH;)e]* straw / yellow-brown
B = precipitation / deprotonation / acid-base

C = ligand exchange

Any two [1] any four [2] any six [3] all eight [4]

(b)

concentrated HCI

59 (a)

[Co,0,NH,(NH;)s]*" scores [2] must have Co,
* 8 ammonia so both Co are octahedral (ecf bullet 1)
* correct charge based on ligands present (ecf Co and NH2)

any two [1] all three [2]

(b)

2
3

(c)

AE different OR (d—d) energy gap different,[1]
different frequency/wavelength/energy from visible light absorbed [1]

60

M1 (Ag*) d-subshell is full/ complete OR d10 OR d-arbitals are full
M2 no d-d(*) transition OR no d electrons promoted/excited

61 (a)

6/ six

(b)

bond angle 106—108°
AND lone pair from O is donated.(in.a bond)
OR one more of O’s electron pairs is'now-a-bond/bonding pair (so repels less)

(c)

M1 (degenerate) d orbitals split (into two energy.levels) OR (degenerate) d
orbitals become non-degenerate

M2 as an electron moves up/to a higher energy level

M3 absorption of light energy / energy in the visible region AND colour seen is
complementary (to colour absorbed)

(d)

(d—d) energy gap /AE / Aoct is different
different frequency / wavelength (of light) absorbed / transmitted / reflected

62

Cu?* is d°/d shell/ sub-shell / orbitals is / are not full
AND Cu* is d'°/d shell / sub-shell / orbitals is / are full [1]
d-d* transitions / d electron promotion

not possible / possible (linked correctly) [1]
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63
reagent added f"fm”'a of cologra’state of type of reaction
species formed species formed
an excess of brown solution ligand
[Co(NH3)sJ** ALLOW yellow-
NHs(aq) brown solution exchange
an excess of o ‘ ligand
concentrated HCI [CoCL] bllie solution exchange
Co(OH)z
blue ppt. Lo
NaOH(aq) OR b precipitation
Co(OH)s(H20) ALLOW pink ppt
formula and colour / state: any two [1], any four [2], all six [3] type of reaction: all
three correct [1]
64 (a)
geometry CN | bond angle
[Cu(Hz0)g)? octahedral 6 90 or 180
[CuCL)? tetrahedral 4 .| 109to0 110
(b) different frequency / wavelength / photon absorbed
65 (a) (i) | Tiis in +4 oxidation state so'no d electrons /d®>OR Ti in TiO* has no d
electrons /d° [1]
cannot absorb photons/light in visible spectrum OR no wavelength / frequency
absorbed in visible spectrum [1]
(i) (1s?) 2s? 2p°® 3s? 3p°® 3d' (4s°)
(iii) 2TiO*" + 4H" + Zn — 2Ti*" + 2H,0 +Zn*
(b) Ti** empty / vacant d orbitals can form dative bonds / accept a lone pair from a
ligand
OR Ti** has vacant d-orbitals which are energetically accessible
66 (a) (i) | [Cu(H0)el*" + 4NH; — [Cu(NH;),(H,0),]** + 4H,0

OR
Cu®* + 2H,0 + 4NH; — [Cu(NH;)4(H,0),1" [1]

(ii)

M1 d-orbitals split (could be in diagram) [1]

M2 electrons transition to higher orbital / electrons promoted or excited [1]
M3 wavelength / frequency / light/ photon / hf/ hn absorbed [1]

M4 colour seen / reflected / transmitted is complement of colour absorbed [1]

(b) (i)

[Cu(NH,)4(H,0),]%* + 4HCI — CuCl ;= + 2H,0 + 4NH,*
OR
[CUu(NHa)y(H,0),]%* + 4CI- (+ 4H*) — CuCl = + 2H,0 + 4NH, (+ 4H")

M1 formula and charge of CuCl ;2 [1]
M2 rest of equation [1]

(ii)

ligand exchange / substitution / replacement / displacement [1]

(iii)

tetrahedral [1]
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(iv)

Yellow [1]

(v)

b-orbital splitting changes / AE changes

67

forms one or more stable ions / compounds / oxidation states

with incomplete / partially filled (3)d-orbital(s) / d-shell / d-subshell

68 (a)

[Cr(H20)]**(aq) formula of chromium species formed

type of reaction

+ NaOH(aq) Cr(OH)s or Cr(OH)3(H20)3

precipitation

+ H202(aq) Cr,072/ CrO4

redox / oxidation

+ excess NHs(aq) Cr(NH;)s>*

ligand substitution

chromium species: one mark for each correct species type of reaction: two

correct for one mark and three correct for two marks

(b)

M1: AE is different OR energy gap between d-orbitals is different
M2: different frequency / wavelength is absorbed
OR different energy / light in visible region is absorbed

(c) ()

ethanoate ions are bidentate whereas as H,O are monodentate

OR ethanoate ions form two dative bonds'whereas H,O forms one (dative) bond
OR ethanoate ions donate two lone pairs whereas H,O donates one (lone) pair

(i)

(coordination number) six AND (geometry“around Cr) octahedral

(iii)

coordinate / (dative) covalent

69 (a)

3d
(Ni**) M [T (Y [ A

(b)

M1 d orbitals split into two levels/-lower-and-upper orbitals
M2 electron(s) promoted / excited to a_higherd-orbital

M3 frequency of light absorbed

M4 observed colour is complement of light absorbed

70 (a) (i)

(Iron) has a higher (melting point)
AND is denser/higher (density) (than calcium)

(ii)

(1s?) 2s? 2p°® 3s? 3p°® 3d® (4s°)

(iii)

M1 d sub-shell splits into two sets of d orbitals of different energy
M2 wavelength / frequency of light absorbed

M3 electron(s) promoted / excited

M4 colour seen is complementary (to colour absorbed)

(b) (i)

octahedral

(i)

[Fe(H,0)s]** + 6CN- — [Fe(CN)g]* + 6H,0

(iii)

[Fe(CN)eJ* is (+)2
[Fe(CN);NOJ= is (+)3
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(iv) NO (2-)
CN
\\
NC—Fe“—CN
ne” |
CN
(v) M1 d—d energy gap / AE is different
M2 different frequency / wavelength of light absorbed
71 (a) bond angle must go from bond to bond
P 109 OR 109.5°
Q 90° (or 180° if different angle labelled)
R 90° (or 180° if different angle labelled)
S 180°
(b) P tetrahedral
Q square planar
R octahedral
S linear
(c) QANDR
(d) P ANDR
72
(o &
\8] | O
Ol“lr“f,Feﬁ"\\\\\ ) 0.”“' Fe ‘\\\.\\
O( | \0 O/ ‘ \
O
73 (a)
N N/> Cl
N, n"‘\CI Cliny,,, -“‘\N Ny a
Ru\ Ru
N[ Yo o [ N | In—
T O T
(b) optical AND cis-trans / geometical
(c) trans isomer/ trans isomer correctly identified AND dipoles cancel / partial
charges cancel/ion dipoles cancel
74 (a) | trans = non-polar

cis isomer 1 = polar
cis isomer 2 = polar ALL [1]

(b)

optical isomers / non-superimposable mirror images [1]
ALLOW enantiomers / they rotate polarised light differently

75 (a)

[Rh(en),Cl,]* AND optical AND cis /trans OR geometric [1]
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(b) NH: NH:
N|:|: "NHi N\I,_i!. | 'IH:O
Nif Ni?
no? | \NH;. H.-O( | \NHi
H:0 NH:
cis/trans OR geometric [1]
76 (a) geometrical / cis-trans AND optical
(b) Square planar
(c)
O/W O
N, | N Nig,, | N
o or
O" | "\‘, N’ | \0
o) L
1 2
O (\ O
N-"ff,r | “\\\N fo;,, ﬁx\\N
Cr. Cr.
0"’ | \0 Of l \0
N k-/hl
3 4
Two correct for one mark, three correct for two marks, four correct for three
marks.
77 (a) | Any four from:
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isomer 1 isomer 2
H:0 ¢l
crﬁ-"'r, | h“\O Hio}"f-' | ~\\\‘G>
.CD,- > :,qu.
B | Yo H0” | Yo
H20 Br
isomer 3 isomer 4
Br
CJ HE'D-‘.F;_, | \“\O
Hze‘frﬁ, | ,1\\\0 ﬂcﬂﬂ )
Br I 0 H;O
H,0
isomer 5 isomer 6
H,O
H-O HaQy, | \\\\Cr
Hzoﬁﬁ, ..\""\G) ":‘C‘}:\‘ )
Co, Br (8]
o o \
Br

Any two [1], any three [2], all four'[3]

(b)

oxidation state of cobalt (+)3
AND type of stereoisomerism cis-trans.OR geometric(al) OR optical

78 (a) + d orbital(s) of different energy / d-d splitting occurs
* electron(s) promoted / excited
» wavelength of visible light absorbed AND complementary colour seen
« different energy gap / different AE OR different frequency/wavelength of light is
absorbed
(b)
<\N N
Ny gy | N N N “n,, Ni “\\\N
‘Ni
N | N N | vy
N OR N
(c) octahedral AND optical isomerism
79 (a) one isomer correct with correct 3D [1]

three isomers different with correct 3D [1]
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(b) e.g. 1 and 2 optical [1]
e.g. 1 or 2 and 3 cis-trans / geometric [1]
80 (a) | five 3d orbitals in the isolated Fe2+ ion of same energy
splitting two higher and three lower d orbitals
energy of non-degenerate d orbitals in the complex more than degenerate d
orbitals in isolated ion
two for one mark, three for two marks
(b)
("
foh; t\\"hN CNKH ‘“\\N
C(J 4 ‘ \N
M1 one correct 3D diagram with three blpy ligands
M2 both diagrams correct
M3 optical isomerism
81 g
. coordination :
complex ion shape number polarity
cis-[Pt(en)Ck] square planar 4 polar
[Ag(NH3)2]* linear 2 non-polar
[Fe(C204)s]* octahedral 6 non-polar
three for one mark, six for two marks
82 (a) M1 (in a complex/in the presence.of ligands) the d-orbitals are split into two sets
of orbitals
M2 as an electron is excited / promoted
M3 visible light is absorbed AND colour'seeniis complementary
b
(b) NH, NHa
Hs O;‘, I, | o NH; HEO."}, | N NH;
/ | NH3 / | \OHQ
H,O
NH,
M1 one correct 3D diagram with the six correct ligands
M2 both 3D diagrams correct
83 (a) mirror image of isomer | trans isomer

P
O[]
acdc . v Tiss
|\'CI Cl I a;c
Cl
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(b)

isomer | AND cis isomer drawn by candidate ecf [1]
dipoles do not cancel/ partial charges do not cancel [1]

84
N N
N"cff';, | ..\."'-'\'kNHj HﬂN'&fﬁ‘ ,.I.'l"'\'N
Co Co,
N | WK, HN" | Y
</N M\>
M1 one correct 3D structure — trans or cis [1]
M2 a correct optical isomer of M1 [must 3D] [1]
A 7 7 <\
N’:‘n \\\\N N'?f \\\N T oM N, i
f ~ ] E f‘"' ‘\ N—Ri—N N— Ru—N
N
</ |\> (/Nf|\> Q\\NJ
N N
OR
M1 / M2: two 3D isomers of [Ru(en)s]**
M3: optical / enantiomerism
86 (a
@ I ne, o Cly, N
/’Pt\ /’Pt’\
NC Cl NC Cl
both correct [1]
(b) square planar
(c) cis-trans OR geometric(al)
87 NH3 NH;
C | "'f.f'; | \\\N H3 H 3 N J.nrj.‘Ir ‘ \\.\\Cl
CI" | cl"’ ‘ NHs
Cl
geometric ALLOW cis-trans
Two correct responses = 1 mark Three correct responses = 2 marks
88 M1 two correct structures cis & trans for [NiBr,(CN),J*

‘x/ E“\/
/“'\ ,/x

M2 type of stereoisomerism: cis-trans/geometric
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89 (a)

[rans

optical

(b)

reactant observation with (COzH):

warm H*/MnOa~ decolourised
OR effervescence / bubbling / fizzing

2,4-DNPH none / no reaction

warm Tollens' reagent none/ no reaction

90 (a)

[CA(NHa),]** + 4CN- — [Cd(CN),J% + 4NH;,
X Y

complex formed is [Cd(CN),]*~/ Na,[Cd(CN),] [1]
equation fully correct [1] ECF

(b)

[Cd(CI)aJ*" [CA(NHa)a]*" [CA(CN),J*
OR Z X Y

91 (a)

[Fe(H,0)e]*" + HyPO, — [Fe(H,0)s(H:PO)J, + HiO®

(b)

_ _ lIFe(H,0)5(SCN)I*]
([Fe(H,0),*TISCN']

mol-' dm3 u/c

92 (a)

Ksan = [[Cu(CN),J*1/[Cu’] [CNT* [1]
ALLOW use of [[Cu(H,0)]']

(b)

[Cu*] = 5.0 x 107" (mol dm~3) [1] min 1sf
ECF from reversed ratio 5(c)(i)

93 (a)

+2 AND + 3 [1]

(b)

six

(c)

[Fe(EDTA)]" AND largest K, [1]

(d)

[[CUEDTAJ?] + ([[Cu(H20)s]?*] [EDTAZ]) = 6.31x10% [1]
0.095 [1]

(e)

different AE OR different energy gap between d-orbitals [1]
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absorption of different wavelength OR absorption of different frequency [1]

94 (a) (i) | six atoms circled, 2N and 40 from different CO*
(i) ligand exchange
(b) M1 AE is different
M2 different frequency (of light) is absorbed
95 (a) () | [Cu(H20)s]?* + 20H~ — [Cu(OH)2(H20)4] + 2H.0 OR
OR
[Cu(H:0)s]** + 2NaOH — [Cu(OH)2(Hz0)4] + 2H-0 + 2Na*
W (cuH,0)e2 + 4CE - [CuCL + 6H,0
OR
[Cu(H:0)e]?* + 4HCI — [CuCl4]* + 6H:0 + 4H*
(b) (i) NHa OH,
H 20 £ Yy, “““ N H3 HgN I ity ‘ \‘\R\ NH 3
r.c u.'t J,rcutn
H,0” | \NHg N I \NH;,
NH.‘! DHQ
cis and trans drawn
(i) cis identified as polar AND trans identified as non-polar conditional on diagram
(c) (i) [Cu(NH,),(H,0),]** AND as K is large OWTTE
(i) Kean = [[Cu(NHa)4(H20)2]*]/ [[Cu(H20)s]*] [NH:]" [1]
mol* dm2 [1] ecf M1
(iii) [Cu(H:0)¢?] = (0.0074) = (1.4 = 101%% 0.57")
[Cu(Hz0)e]*] = 5.01 = 107'® min 2sf ecf 6(c)(iii)
(d) [RU(Cq2HaN2):CL]* [1]
[Fe(C204)3]*[1]
96 (a) (i)
blue or pink | s/solid
blue aq/aqueous
two cells correct [1]
two more cells correct [1]
(ii) [Co(H20)6]>* + 20H- — Co(OH)2 + 6H20 or
[CD{HZD}E]Z_ + 20H™ —» Co(Hz0)4(0OH):z + 2H:0
(ili) | [Co(H20)s)2* + 4CF — [COCL]* + 6Hz0
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(b) (i)

Kaian = [[Co(NH3)e]*1/ [[Co(Hz0)s]* IINH]®
or
[[Co(NH3)sl"] / [Co* ][NH;]*

(ii)

mol=® dm?®

(iii)

7.86x10°

97 (a)

M1 Kgan = [Ni(en);*]/ [Ni(H,0)¢* 1[en]?
M1 units = mol= dm® ecf

(b)

the equilibria lie to the right/ product side OR equilibrium 1 lies more to the right
AND
en complex is more stable / [Ni(en),]** is more stable

98 (a)

- 24 — - 2+
CH
HaNT OHz

| w Oz Y Orz
o HzO——Cu——0H:

H207m— OHz
H20 | Haﬂ‘,’j?/ |

NH
G HC™

correct 3D cis isomer
correct 3D trans isomer

(b) (i)

units = mol™ dm™

(ii)

[cdCy? |

(Kstab =] [Cdz :I[CE j|4

(iii)

[CACI,>] = Ky X 0.043 x 0.072* = 7.28/7.3 40 * (mol dm=) min 2sf

(iv)

CH;NH, (is basic so) reacts with water to produce OH- that reacts with Cd?*
OR

CH;3NH, acts as a base and accepts a proton from Cd[H,0)s]** / water

OR

Cd[H,0)¢]** + 4CH3;NH, — [Cd(OH),(H,0),]* + 4CH;NH** OWTTE

(v)

Cd(OH)42— = most stable (2nd box) AND [Cd(H20)6]2+ = least stable (first box)
Cd(OH)42- has highest Kstab (and all Kstab values given > 1)

99 (a)

red or pink to yellow / straw / brown / orange

(b)

[[Co(NH;)e]**1/ [[Co(H20)l IINH,]°

(c)

[Co(NH;)g]** is more stable (than Co(H,0)**)

100 (a)

Circles round both N atoms and all four O~

(b)

M1: (d—d) energy gap/ AE is different
M2: different frequency / wavelength (of light) absorbed

(c)

ligand exchange / substitution / displacement / replacement
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(d)

[Fe(edds)_ ]

K =
" [Fe(H,0),” |[edds* |

(e) [Fe(edta)]” is more stable as it has the higher K,
101 (a)(i) | Ko = [(CU(NHa),)**]/ [(Cu(H,0)6)*] [NH,]*
(i) deep/dark/royal blue
(b) [Cu(NHz)4]** + 2H20 — Cu(OH)z + 2NH4* + 2NHs [1]
OR [Cu(NH3)sJ** + 2H20 — Cu(OH)z + 2H* + 4NHz
(c) Cu(OH)z + 4HCI — [CUCLJ?- + 2H,0 + 2H*
OR Cu(OH); + 4Cl - + 2H* — [CuCL)*+ 2H.0
[CuCL]*- complex including charge [1]
rest of equation fully correct [1]
d
(d) v 7
colour of complex yellow blue / pale blue
geometry of complex tetrahedral octahedral
formula of complex [Cu(Hz0)s]?*
one mark for any three cells [1] LA
two marks for all five cells 2] LR
(e) M1: d orbitals splits into two sets.of energy levels-of different energy [1]
M2: wavelength / frequency / light/photon/hv-absorbed [1]
M3: electron(s) promoted/ excited [1]
M4: colour seen is complementary (to colour absorbed) [1]
M5: d—d energy gap/ AE is different for Y and Z
AND so different frequency / wavelength of light absorbed [1]
102 (a) | structure of EDTA any six atoms circled of 2N & 4 O

(b)

M1 Kstab‘l = ”CdEDTAIz‘l
[[Cd(H20)6]**][EDTA%]

M2 units = mol' dm?3







