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Answer all the questions.

Cobalt readily forms complex ions in which the cobalt has an oxidation state of +2.

(a) One complex ion of cobalt is the hexaaquocobalt(IT) ion [Co(H,0) 1.

(i) What is the co-ordination number of Co?* in this complex ion?

............................................................................................................................ M
{ii) Water is acting as a ligand. Explain the meaning of the term ligand.
............................................................................................................................ 2
(b) [Co(H,0)cI?* readily undergoes the following reaction.
[Co(H,0);F*(aq) + 4Cl-(aq) = [CoCl,]?(aq) + 6H,0()
() What is the shape of each complex in this reaction?
[Co(H,0) P+ Y 17 o T O SO ST
[CoCL, 2~ SNAPE ..ocvis ettt e r et e b st sae b ns 1]
(ii) What coiour change wouid occur on going from left to right in this reaction?
frOM v 1O e (1]
(iii)) What type of reaction is taking place when [Co(H20)6]2+ reacts with CI~7?
............................................................................................................................ [1]
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(c) Co?* forms the complex [Co{NH,),CL,]1. This complex exists as two stereocisomers.

(i) Draw diagrams to show the two isomeric forms of this compiex.

(ii) What type of stereocisomerism is shown by this complex?

(d) Cobalt also forms a complex with the formula [Co(H,NCH,CH,NH,),CL)]. This complex
shows the same kind of isomerism as [Co(NH,),CL,] but it also shows a different type
of sterecisomerism.

Draw diagrams to show the two isomers of this different type of stereoisomerism.

[2]
[Total: 11)
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2  One important property of transition elements is their ability to form coloured compounds. u

The splitting of d-orbital energy levels is instrumental in causing colour.

(a) Inthe boxes below, draw one lower energy d-orbital and one higher energy d-orbital in
an octahedral complex.

z z
Y Y
X X
lower energy d-orbital higher energy d-orbital
(2]
(b) Explain how the splitting of d-orbital energy levels leads to colour in transition metal
compounds.
.................................................................................................................................... [4]
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{c) The compound CrCl;.6H,0 can exist in three isomeric forms, which have different v
colours.
[Cr{H,0)6ICl, purple
[Cr(H,0);CIICL,.H,O grey-green
[Cr(H,0),CLICL.2H,0 green

The following visible spectrum was obtained from a solution of one of the isomers.

}

violet red

absorbance

400 500 600 700
wavelength/nm

Identify the isomer and explain your answer.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................
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Chromium metal and its compounds have a number of important uses.

(a) State one use of chromium and explain why chromium is suitable for this purpose.

..........................................................................................................................................

------------------------------------------------------------------------------------------------------------------------------------------

.................................................................................................................................... [1]
(b) CrO, ions and Cr20.,2' fons are both oxidising agents. They exist in the following
equilibrium.
2Cr0,2(aq) + 2H*(aq) = Cr,0,%(aq) + H,00)
(i) Show that this equilibrium does not represent a redox reaction.
............................................................................................................................ m
(i) What colour change occurs in the forward reaction?
FrOM e e 1O [1]
(lif) What reagent would you add to reverse this colour change?
............................................................................................................................ [1]
(c) Cr,0.% ions oxidise I” ions to L, under acid conditions according to the following
equation.
Cr,0,%(aq) + 6I(aq) + 14H*(aq) = 2Cr*(aq) + 3L(aq) + 7H,0()
(i) If you carried out this reaction, how could you see that iodine is formed?
............................................................................................................................ [1)
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(i) How could you use the formation of I, in this reaction to determine the
concentration of a solution of Cr,0.,2" ions?

In your answer
¢ state the method you would use
¢ state the reagents used

¢ show how you would use your results.

..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
................................................................................................................................

----------------------------------------------------------------------------------------------------------------------------------

[Total: 9]
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The standard electrode potential of the %CIEI Cl~ half-cell may be measured using the
foliowing apparatus.

_(\ salt bridge KL
Hy(g)—» - / -~ =—0D
]
B— | < ot @)
N\
A
(a) Suggest suitable labels for A, B, C and D.
A ettt e et a s e bt E e e bt eanene e
2 O TR U UPRRTOURYETURPAO
O DO PO
D bbbt et r s et et ee st e en s e et e et ee e e reee e s s, (2]
{b) The half cell reactions involved are shown below.
e, + e = Ci- E® = +1.36V
H* + e« = 1H, E® = 0.00V

(i) Use an arrow to show the direction of flow of electrons in the diagram of the
apparatus. Explain your answer.

..................................................................................................................................

............................................................................................................................ [2]
(i) The values of E° are measured under standard conditions. What are the standard

conditions?

............................................................................................................................ [2]
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{c) The half cell reaction for CIO,~/ 3 Cl, is shown below.
ClO;” + BHY + Be~ = £Cl, + 3H,0 E® = +1.47V
What does this tell you about the oxidising ability of CIO;~ compared with Cl,?

Explain your answer.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

[Total: 8]
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In this question, one mark is available for the quality of spelling, punctuation and grammar. ¥

Copper(l) oxide is a red/brown sofid which is insoluble in water. It readily reacts with warm
dilute sulphuric acid according to the following equation.

Cu,O(s) + H,80,(aq) — CuSO,(aq) + Cu(s) + H,0()
For this reaction

¢ describe what you would see and discuss the redox process taking place

e compare the relative stability of copper in each of its oxidation states.

.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................
.................................................................................................................................................

.................................................................................................................................................

Quality of Written Communication [1}
[Total: 8]
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