1 (a) Define a transition element.

............................................................................................................................................. [1]
(b) The 3d orbitals in an isolated gaseous Cu?* ion are degenerate.
(i) Define the term degenerate.
..................................................................................................................................... [1
(i) Complete the electronic configuration of Cu?*.
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(c) (i) State the colours of the aqueous solutions for the two copper(Il) complex ions shown.

. [Cu(NH3)4(H20)2]2+(aq) .............................................................................................
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[1]
(ii) Explain why aqueous complex ions of transition elements are usually coloured.
..................................................................................................................................... [3]

(d) (i) W?en ar:jexcessofNH3(aq)isaddedtoasolution of[CuCl4]2‘(aq), [Cu(NH3)4(H20)2]2+(aq)
is formed.

State the type of reaction.
Complete the equation for this reaction. State symbols are not required.
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equation

[CUCTLIE + oo — [CUNHZ),(Hy 00,12 + oo

(i) The [Cu(NH3)4(H20)2]2+ complex ion shows sterecisomerism.

Complete the three-dimensional diagrams in Fig. 1.1 to show the two different
stereoisomers of [Cu(NH,),(H,0),]?*.

isomer 1 isomer 2
Cu Cu

Fig. 1.1
[2]
(iii) Deduce which stereoisomer in (d)(ii) is polar.
Explain your answer.
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[1]
(e) The dianion P can act as a tridentate ligand.
P
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(i) Suggest how P can form three dative covalent bonds.

..................................................................................................................................... [1]

(ii) 2 moles of dianion P, C4H5NO42‘, react with 1 mole of aqueous cobalt(Ill) ions,
[Co(H20)6]3+ to form 1 mole of complex ion Q.

Deduce the formula and charge of Q.

(f) Table 1.1 shows values for the stability constants, K

stap: Of some silver(I) complexes.

Table 1.1

complex value of K.,
[Ag(CN),]~(aq) 1.1 x 108
[Ag(NH,),]*(aq) 1.2 x 107

[Ag(S,0,),1*(aq) 2.9x 1013

(i) Define the stability constant of a complex.

(ii) Use the information in Table 1.1 to identify the most stable silver(I) complex.
Explain your answer.
L0 A= = ] = SR

EXPIANATION ..o

(9) Sodium sulfite, Na,SO,, is used as a food preservative.

A 3.75g sample of impure Na, SO, is dissolved in distilled water and made up to 250 cmdina
volumetric flask.

10.0cm? of this solution requires 18.70cm? of acidified 0.0150 moldm= MnO,~(aq) to reach
the end-point.

The equation for the reaction is shown.
2MnO,~ + 58032‘ + BH* - 2Mn2* + 58042‘ + 3H,0

Calculate the percentage by mass of Na,SO, in the sample.

percentage by mass of Na,SO; = ..o, [3]

[Total: 19]



