Chemistry of Transition elements - 2022 June A2 Chemistry 9701

1. June/2022/Paper_41/No.2(a, b)
(a) Define transition element.
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(b) Sketch the shape of a 3d,. orbital.
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2.

June/2022/Paper_41/No.4(a _c)
(@) 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.
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(b) (i) Bipyridine, bipy, is a bidentate ligand. *
bipy
2
QFig. 41
Explain what is &ntate ligand.
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(ii) The complex [Fe(bipy).]** exists as two sterecisomers.
Complete the three-dimensional diagrams to show the two sterecisomers of [Fe(bipy),]**.
State the type of stereocisomerism shown.

Use N N fo represent bipy in your diagrams.
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type of sterecisomerism ...l & ................................................................

(c) Standard electrode potentials ca ed to compare the stability of different complex ions for
a given transition element.

Table 4.1 lists electrod ;for some electrode reactions for Fe®/Fe? systems.

Table 4.1
® ? electrode reaction E=/V
“ I+ [ —— 2+
O‘Q (H,0).]** + e = [Fe(H,0)] +0.77

[Fe(CN)JJ*= + e = [Fe(CN)J* +0.36
[Fe(bipy),]** + e= = [Fe(bipy).,]*" +0.96

Use relevant data from Table 4.1 to state which iron(Ill) complex is hardest to reduce.
Explain your choice.

iron(IIT) complex ...

explanation



3. June/2022/Paper_42/No.1(c _e)

(c) Be(OH), is soluble in aqueous solutions containing an excess of hydroxide ions and forms the
complex ion [Be(OH),]*~. This complex ion has a similar shape to that of [CuCI[,]*-.

(i) Define the term complex ion.

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

(d) (i) Explain why transition elements can form complex ions. E
.................................................................................... ¢ é@

(ii) Complete Table 1.1 to show the coordination n Qch metal ion, and the shapes
and overall polarities of the complex ions listed.

Table 1.1
. coordination polar or
complex ion shape
number non-polar
cis-[Pt{H,NCH,CH,NH,)CL,] anar
[Ag(NH,),I* non-polar
[Fe(C,0,),I 6
y [2]
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(e) ()

(ii)

(i)

Define stability constant, K,,,.

Nickel canform complexeswiththeligands en,H,NCH,CH,NH,, and tn,H,NCH,CH,CH,NH,,
as shown.

equilibrium 1 [Ni(H,0),]>* + 3en = [Ni(en),]”* + 6H,0 K, =6.76 x 10"
equilibrium 2  [Ni(H,O)J** + 3tn = [Ni(tn),}** + 6H,0 K, = 1.86 x 10"

Construct an expression for the stability constant, K_,_,, for equilibrium 1.
State the units for K.,

Katan = q
® é :

‘\ units =

Describe what the K, values indicate bwgsition of equilibrium for equilibrium 1

and 2. Use the K_,,, values to deduce w, mplex, [Ni(en),]** or [Ni(tn).]**, is more
stable.




4, June/2022/Paper_42/No.2

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

(b) Sketch the shape of a 3d,, orbital.

o* [1]
(c) Explain why transition elements form coloure%@ds.




(d) Agueous solutions of copper(Il) salts contain [Cu(H,O).]** ions.
Equilibrium 3 and equilibrium 4 show two reactions of these ions.
equilibrium 3  [Cu(H,0).]**(aq) + 20H-(agq) = Cu(OH),(s) + BH,O(l)
equilibrium 4  [Cu(H,0),J**(aq) + 4NH,(aq) = [Cu(NH,),(H,0),]**(aq) + 4H,O(l)
(i) State the colour of Cu(OH),(s) and [Cu(NH.,),(H.,O),]**(aq).
Lol (o BTt A OB L T S
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(if) Use Le Chatelier's principle to explain why a precipitate is for@when NaOH(aq) is
added dropwise to [Cu(H,O)]*(aq).
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(e) There are two possible stereocisomers q rmula [Cu(NH,),(H,0),]*.

Draw three-dimensional diagrams t@v

e two sterecisomers.
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