14.5 Reactions of Inorganic Compounds Assessed HW
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1.
Concentrated hydrochloric acid does not react with

A
Na2CO3(s)

B
CoCl2(s)

C
Zn(s)

D
NaCl(s)

	
	
	
	
	
	
	
	
	Answer:
	


2.
When aqueous sodium hydroxide was added to an aqueous solution of X, a green precipitate, insoluble in an excess of aqueous sodium hydroxide, was formed. When aqueous barium nitrate was added to a second sample of aqueous X, a white precipitate was obtained. Which one of the following could be X?

A
FeCl2
B
FeSO4
C
CrCl3
D
Cr2(SO4)3
	
	
	
	
	
	
	
	
	Answer:
	


For questions 3 – 6 use the following table:

	Summarised directions for recording responses to multiple completion questions

	A
(i), (ii) and (iii) only
	B
(i) and (iii) only
	C
(ii) and (iv) only
	D
(iv) alone 


3.
The following equilibrium is established:

2CrO42– (aq) + 2H+(aq) [image: image1.wmf] Cr2O7 2–(aq) + H2O(l)

Which of the following statements is/are true concerning this equilibrium?

(i)
Dilution of the system with water will result in an increase in the concentration of CrO42– (aq) ions relative to that of Cr2O7 2–(aq).

(ii)
The addition of a catalyst will result in an increase in the concentration of Cr2O7 2–(aq) ions.

(iii)
The forward and backward reactions are proceeding at the same rate.

(iv)
The position of the equilibrium is unaffected by the addition of a dilute acid.

	
	
	
	
	
	
	
	
	Answer:
	


4.
Vanadium(IV) chloride is a brown liquid which fumes in moist air. Which of the following are likely to be true concerning vanadium(IV) chloride?

(i)
 It is covalently bonded

(ii)
It is a Lewis base

(iii)
It can be reduced to vanadium by sodium metal

(iv)
Its reaction with water gives a colourless vanadium compound

	
	
	
	
	
	
	
	
	Answer:
	


5.
Which of the following give(s) a colour change on warming with an acidified solution of potassium dichromate(VI)?

(i)
CH3CH2OH

(ii)
Zn

(iii)
NaOH

(iv)
(CH3)3COH

	
	
	
	
	
	
	
	
	Answer:
	


6.
In which of the following reactions carried out in aqueous solution is a precipitate formed?

(i)
Be(OH)2 + excess NaOH

(ii)
AlCl3 + excess Na2CO3

(iii)
CuSO4 + excess aqueous NH3

(iv)
SiCl4 + excess H2O

	
	
	
	
	
	
	
	
	Answer:
	


Please use the following reaction scheme to answer questions 7 – 9
[image: image2.wmf][
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7.
Correct statements include

1
sodium carbonate is an oxidising agent in step X.

2
zinc is a reducing agent in step W.

3
iron(II) sulphate is an oxidising agent in step V.

4
hydrogen peroxide is an oxidising agent in step Z.

	
	
	
	
	
	
	
	
	Answer:
	


8.
Correct statements include

1
the oxidation states of chromium shown in the above reaction scheme are +2, +3 and +6.

2
only step X will produce a precipitate and a gas.

3
steps V, W and Z will produce a colour change.

4
steps X and Y will involve a change in the oxidation state of chromium.

	
	
	
	
	
	
	
	
	Answer:
	


9.
Correct equations for the steps above include

1
[image: image3.wmf]–

2

7

2

O

Cr

 + 14H+ + 3Fe2+  2Cr3+ + 3Fe3+ + 7H2O

2
Zn + [Cr(H2O)6]3+  [Cr(H2O)6]2+ + Zn2+
3
3[Cr(H2O)6]3+ + [image: image4.wmf]–

2

3

2CO

  3[Cr(OH)3(H2O)3] + 2CO2 + 2H2O

4
2[Cr(OH)6]3– + 3H2O2  [image: image5.wmf]–

2

4

2CrO

 + 2OH– + 8H2O

	
	
	
	
	
	
	
	
	Answer:
	


10.

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

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

Formula of precipitate ..............................................................................

Equation(s) ...............................................................................................

...............................................……............................................................

(ii)
This precipitate dissolves when an excess of aqueous ammonia is added and a pale brown solution is formed. Give the formula of the cobalt species present in the pale brown solution and write an equation to show how it is formed from the precipitate.

Formula ..........................................................................................……..

Equation ...........................................................................................…….

..............................................…….............................................................

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

Observation................................................................................................

Formula ....................................................................................................

(8)

(Total 8 marks)

11.


(a)
When aqueous copper (II) sulphate is added to a large excess of concentrated hydrochloric acid, the reaction represented by the equation below takes place.

[Cu(H2O)6]2+(aq)  +  4Cl–(aq) [image: image6.wmf]  [CuCl4]2–(aq)  +  6H2O(l)

(i)
Name the type of bonding between the copper ion and the water molecules in the complex ion, [Cu(H2O)6]2+.

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

(1)

(ii)
State the shape of each of the complex ions.

[Cu(H2O)6]2+ ..........................................................................................

[CuCl4]2– .................................................................................................

(2)

(iii)
Describe the colour change which would be observed as the reaction takes place.

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

(2)

(b)
(i)
Describe the changes which are observed when aqueous ammonia is added dropwise, until in excess, to aqueous copper(II) sulphate.

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

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

(2)

(ii)
Give the formula of the copper-containing complex ion which is present at the end of the changes described in (c)(i).

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

(1)

(Total 8 marks)

12.
(a)
Explain why complex ions with partially filled d sub-levels are usually coloured.

...................................................................................................................................
...................................................................................................................................
(2)

(b)
(i)
When aqueous ammonia was added to an aqueous solution of cobalt(II) sulphate, a blue precipitate M was formed. Identify the cobalt-containing species present in aqueous cobalt(II) sulphate and the precipitate M.

Cobalt-containing species ...............................................................................
Precipitate M ...................................................................................................

(ii)
Precipitate M dissolved when an excess of concentrated aqueous ammonia was added. The solution formed was pale brown due to the presence of the cobalt-containing species P. Identify P.

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

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

Type of reaction ...............................................................................................

Reactant responsible .......................................................................................
(iv)
When potassium iodide was added to the solution containing Q and the mixture was acidified, a dark red-brown colour due to the presence of R was produced. On addition of starch solution the mixture turned blue-black.
Identify R and explain its formation.

Identity of R .....................................................................................................
Explanation ......................................................................................................

.........................................................................................................................
(7)

(Total 9 marks)

13.
(a)
State what is meant by each of the following terms.

(i)
Ligand …............................................................................................…………

...........……………………………………………………………………….
(ii)
Complex ion ................................................................................................................
...........………………………………………………………………………….

(iii)
Co-ordination number .......................................................................……………………………..
...........………………………………………………………………………….

(3)

(b)
Using complex ions formed by Co2+ with ligands selected from H2O, NH3, Cl, [image: image7.wmf]–

2

4

2

O

C

 and EDTA4, give an equation for each of the following.

(i)
A ligand substitution reaction which occurs with no change in either the co-ordination number or in the charge on the complex ion.

...........………………………………………………………………………….

(ii)
A ligand substitution reaction which occurs with both a change in the co-ordination number and in the charge on the complex ion.

...........………………………………………………………………………….

(iii)
A ligand substitution reaction which occurs with no change in the co-ordination number but a change in the charge on the complex ion.

...........………………………………………………………………………….

(iv)
A ligand substitution reaction in which there is a large change in entropy.

...........………………………………………………………………………….

(8)

(c)
An aqueous solution of iron(II) sulphate is a pale-green colour. When aqueous sodium hydroxide is added to this solution a green precipitate is formed. On standing in air, the green precipitate slowly turns brown.

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

...........………………………………………………………………………….

(ii)
Give the formula of the green precipitate.

...........………………………………………………………………………….

(iii)
Suggest an explanation for the change in the colour of the precipitate.

...........………………………………………………………………………….

...........………………………………………………………………………….

(4)

(Total 15 marks)

14.
Identify, by formula, each of the species labelled A-H in the reaction sequences described below.

(a)
An aqueous solution of the white crystalline solid A gives a white precipitate of B when aqueous sodium chloride is added. This precipitate dissolves in dilute aqueous ammonia to give a solution containing the complex ion C. Precipitate B also dissolves in aqueous sodium thiosulphate to give a solution containing the complex ion D.

Formula of solid A ..............................................................................................
Formula of precipitate B .....................................................................................
Formula of complex ion C ..................................................................................

Formula of complex ion D ..................................................................................
(4)

(b)
The green metal hydroxide E dissolves in an excess of aqueous sodium hydroxide to give a green solution containing the complex ion F. The addition of aqueous hydrogen peroxide to this green solution gives a yellow solution containing the ion G. When the solution containing G is treated, in the absence of air, with an excess of hydrochloric acid and metallic zinc, a blue solution of the complex ion H is formed.

Formula of hydroxide E ......................................................................................
Formula of complex ion F ..................................................................................
Formula of ion G .................................................................................................
Formula of complex ion H ..................................................................................
(4)

(Total 8 marks)

15.


 (a)
(i)
When aqueous ammonia is added to an aqueous solution containing chromium(III) ions, a precipitate is formed. Give the colour and name of this precipitate. Write an ionic equation for its formation.

Colour .......................................................................................................
Name .........................................................................................................
Equation ....................................................................................................
(3)

(ii)
Describe what would be observed if excess aqueous sodium hydroxide were to be added to the precipitate formed in (b)(i).

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

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

(2)

(b)
Chromium(III) ions can be oxidised to CrO[image: image8.wmf]–

2

4

 ions by hydrogen peroxide in alkaline solution.

(i)
State the oxidation state of chromium in CrO[image: image9.wmf]–

2

4

.

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

(1)

(ii)
Balance the following ionic half-equation.

......... Cr3+ + ......... OH– ( ......... CrO[image: image10.wmf]–

2

4

 + ......... H2O + ..........e–
 (1)

(c)
(i)
Write an equation for the reaction that occurs when an aqueous solution containing CrO[image: image11.wmf]–

2

4

 ions is acidified.

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

(1)

(ii)
State the colour change observed as the reaction in (d)(i) takes place.

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

(2)

(Total 10 marks)
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