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As well as completing your set homework task you should also work on the Independent Study tasks on the next page.

A–level Chemistry Independent Study (First year)
As an A-level student you are responsible for your own learning. 

Part of this responsibility includes reading around the subject material taught in class and going beyond the restraints of the syllabus. 

It is important that you know how Chemistry is relevant to contemporary issues and how Chemistry influences the world around us. (Indeed this is even written into the AS and A2 syllabus).

The topics we would like you to focus on are;

 

The Atmosphere - Carbon footprints and Global Climate Change.

The Atmosphere - Ozone Formation and Depletion.

Green Chemistry - Fuel Cells and Hydrogen powered cars.

Green chemistry - Biodegradable Polymers.

The Pharmaceutical industry.

Chemical Analysis using Mass spectrometry.

Chemical Analysis using Infra Red spectroscopy.

We would like you to keep a notebook to record your independent study.

In it you should record;

· Explanatory notes regarding each of the above topics.

· Any articles in the news or in journals such as; New Scientist, Scientific American and Chemistry Review, that relate to the above topics.

· A list of useful websites you have found and use.

The AS Chemistry pages on the RGS infonet contain context studies written by the exam board for each topic. They are an ideal place to start your independent study.

You will be graded on Independent study throughout the year and your notebook will be assessed by your teacher. 

We will be looking for evidence of interest, knowledge and reading around these areas of Chemistry. 
Chemical Formulae

Edexcel Chemistry for AS – pg 5-7 and 17-19
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1.
Describe how the concept of valency allows chemists to write the formulae of compounds.












[4]
2.
Write the formulae for the following;

a)
Potassium chloride

e)
Iron(III) bromide
b)
Sodium oxide


f)
Galium oxide

c)
Silver chloride


g)
Copper(II) nitrate
d)
Barium oxide


h)
Ammonium chloride



[8]

   3.
Some atoms can have a number of valencies, depending on the compound they form. We can work out the valency if we know the valency of the other part of the compound.   
e.g.  
Vanadium is a transition metal and so has a variable valency. 

           In the compound VCl3 we know Cl has a valency of 1.

           Reverse the cross over - Vanadium has a valency of 3.

Work out the valency of vanadium in the following compounds;

a)
VBr


b)
V(OH)3
c)
V2O5



[3]
4.
42g of iron reacted with 16g of oxygen to produce an oxide of iron. Calculate:

    (a) the number of moles of iron atoms taken




[1]


    (b) the number of moles of oxygen atoms taken




[1]


    (c) the ratio of number of moles of iron atoms : number of moles of oxygen atoms [1]


    (d) the simplest whole number (empirical) formula of the iron oxide.

[2]

  5.
In the analysis of a compound it was found that 29.1g of sodium had combined with 40.5g of sulphur and 30.4g of oxygen. Calculate:


    (a) the number of moles of atoms of each element


    (b) the ratio of no. of moles of sodium : no. of moles of sulphur : no. of moles of oxygen


    (c) the empirical formula of the compound.




[5]
6.
A compound had the percentage composition N 26.2%, H 7.5% and Cl 66.3%. 
Calculate:   (a) the mass of each element in 100g of the compound


         (b) the number of moles of atoms of each element


         (c) the ratio of the no. of moles of N : no. of moles of H : no. of moles of Cl


         (d) hence get the empirical formula of the compound.



[5]

7.
  11.95g of an oxide of lead was reduced to the metal; 10.35g of lead was obtained. 
Calculate:  (a) the mass of each element in the compound


        (b) the no. of moles of each element


        (c) the ratio of the number of moles of lead to the number of moles of oxygen


        (d) the empirical formula.






[4]

8.
In an experiment on the compound Na2SO4.xH2O, the following data was obtained:




mass of crucible:



15.14g




mass of crucible + hydrated compound:
18.36g




mass of crucible after heating:

16.56g

Calculate the mass and hence moles of anhydrous Na2SO4 left at the end, then the mass and 
moles of water given off and hence find x.






[4]

9. Read the activity ‘Finding the formula of red copper oxide’ on pg 18-19 of Chemistry for 

AS and answer Qu 1-7.   
        







[13]

Moles and Reacting mass calculations
Edexcel Chemistry for AS – pg 14-20
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1.
Give the number of moles in:   (a) 23g Na     (b) 3.0g C   (c) 0.56kg N2   (d) 32g S8
    [2]

2.
Give the mass of:   (a) 16 mol He    (b) 0.12 mmol He    (c) 1 mol S8    (d) 0.25 mmol N2
    [2]

3.
Calculate the number of particles in the following;


(a)  10g of Ca.
   (b)  213g of Cl2.
(c)  5g of NaCl    (d)  10 g of CaCO3.


(1 mole of any substance contains 6 x 1023 particles).



   
    [4]

4.
  0.28g of an element contains 6 x 1021 atoms. Find the RFM of the element and identify it.   [2]
5. 175g of an element contains 1.5 x 1025 atoms. Find the RFM of the element and identify it. [2]
6. Calculate the number of moles of the following gases;   (a) 2400 dm3  CH4   (b) 25 cm3 N2   [2]

7.
4.00g of ammonium nitrate was gently heated until there was no solid left. 

It decomposed as follows:   NH4NO3 ( N2O + 2H2O  Calculate the mass of water produced.[3]

8. Ammonium nitrate is manufactured by reacting ammonia and nitric acid:

NH3 + HNO3 ( NH4NO3  Calculate the mass of HNO3 required to make 400g of NH4NO3. [3]

9. An aqueous solution of iron(III) chloride was treated with sodium hydroxide:



                        FeCl3 + 3NaOH ( Fe(OH)3 + 3NaCl



The iron (III) hydroxide was filtered off and heated: 2Fe(OH)3 ((( Fe2O3 + 3H2O



If 0.80g of iron (III) oxide were produced, what mass of iron (III) chloride was present in the 

original solution? 









     [4]

10. The solid fuel booster rockets for the space shuttle react ammonium perchlorate and Al. 

One possible reaction is this: NH4ClO4 + 10Al ( Al2O3 + N2 + HCl + H2O

Balance the equation and calculate the mass of NH4ClO4 needed to react with 540g of Al.
     [5]

11. Glyceryl trinitrate (known as nitroglycerine to pyromaniacs!) is made by the action of nitric acid on glycerol:
C3H5(OH)3 + 3HNO3 ((( C3H5(NO3)3 + 3H2O



  How much explosive can be produced from 46g of glycerol?



     [3]

12. Tin (II) fluoride is used in toothpastes and made by reaction of tin and hydrogen fluoride:

    Sn + 2HF ((( SnF2 + H2 

What mass of HF is required for the production of 27.6g of SnF2?


     [3]

13.  The dodgy ‘knockout drops’ used to drug private detectives in those classic old B movies 

consisted of chloral hydrate, made by adding water to trichloroethanal:





CCl3CHO + H2O ((( CCl3CH(OH)2


What mass of trichloroethanal would be needed to make 66.2g of knockout drops?
     [3]


Challenge of the week – You’ve gotta be good to answer this one!
16.  6.00g of a mixture of zinc oxide and zinc carbonate were heated until there was no change in 

mass. There was a decrease in mass of 1.15g (due to thermal decomposition of the carbonate). Calculate:
(a) the total mass of zinc oxide left


(b) the % composition of the original mixture.



[5]

% Yield, Atom economy and ppm
Edexcel Chemistry for AS – pg 24-27
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1.
Calculate the atom economy of the following reactions;

a)
The production of chloral hydrate              
CCl3CHO + H2O ( CCl3CH(OH)2

b)
The synthesis of copper sulphate

CuO + H2SO4 ( CuSO4 + H2O
    c)
The production of nitrogen monoxide in the Ostwald process





4NH3 + 5O2 ( 4NO + 6H2O

[6]
2.
Describe how you calculate the % yield of a reaction.




[2]
3.
In an experiment to produce a sample of hex-1-ene, 10.2g of hexan-1-ol was heated with

an excess of phosphoric(V) acid. 




CH3CH2CH2CH2CH2CH2OH    (    CH3CH2CH2CH2CH=CH2  +  H2O





Hexan-1-ol



Hex-1-ene
  

After purification of the hex-1-ene, 5.04g was produced. Calculate the % yield.

[4]

4. During the preparation of the drug ‘antifebrin’ 4.08g of phenylamine was treated with 6.48g of ethanoic anhydride. 

(CH3CO)2O   +    C6H5NH2    (    CH3CONHC6H5     +      CH3CO2H

                 Ethanoic anhydride   Phenylamine               ‘Antifebrin’


 After purification 4.15g of ‘antifebrin’ was produced. Calculate the % yield.

(Hint – You will have to work out which reactant is the limiting factor (isn’t in excess) before 

finding the theoretical yield).








[5]

5. During the preparation of the aspirin, 10g of 2-hydroxybenzoic acid was treated with 7.5g of ethanoyl chloride. 

                      CH3COCl      +      HOC6H4COOH   (      CH3COOC6H4COOH    +      HCl

                 Ethanoyl chloride    2-hydroxybenzoic acid              Aspirin


 After purification 11g of aspirin was produced. Calculate the % yield.


[5]

6.
A sample of mineral water contains the following;
2.5ppm sodium ions









5.7ppm calcium ions.


i)
Explain the meaning of ppm.







[2]


ii)
Why is ppm used to show the amounts of these ions in the mineral water sample?
[1]


iii)
Calculate the concentration of sodium ions in the sample in mol dm-3.

[2]


iv)
Calculate the concentration of sodium ions in the sample in nmol dm-3.

[1]

v) Calculate the concentration of calcium ions in the sample in mol dm-3.

[2]


vi)
Calculate the concentration of calcium ions in the sample in nmol dm-3

[1]


vii)
Calculate the number of sodium ions in 1 dm3 of mineral water.


[1]


viii)
Calculate the number of calcium ions in 1 dm3 of mineral water. 


[1]

7.
The maximum legal exposure limit for working with chlorine gas is 1 ppm in air.


A worker was exposed to 40cm3 of chlorine in a lab containing 100dm3 of air.


i)
Calculate the moles of chlorine the worker was exposed to.



[1]


ii)
What mass of chlorine gas (Cl2) was the worker exposed to?


[1]


iii)
Was the worker working above of below the legal exposure limit?


[2]

8.
Breathing over 70,000ppm of carbon dioxide leads to unconsciousness in only a few minutes.

What volume of CO2 does this represent in a room containing 50dm3 of air?

[3]

Concentration Calculations 1

Edexcel Chemistry for AS – pg 22-24 and 168-171
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1.
Ammonia reacts with hydrochloric acid as follows: NH3 + HCl ((( NH4Cl


25.00 cm3 of ammonia solution containing 0.1 mol per litre was reacted with hydrochloric acid; 20.00 cm3 of acid was needed.


(a) How many moles of ammonia are there in 1 litre?


(b) Hence calculate the number of moles of ammonia taken in 25.00 cm3.


(c) Use the equation above to determine the number of moles of HCl reacting with that   

              number of moles of ammonia.


(d) This number of moles was in what volume? 

      Hence determine the number of moles of HCl in 1 litre (ie the concentration).

[4]

2.
Sodium carbonate reacts with sulphuric acid:   Na2CO3 + H2SO4  ((( Na2SO4 + CO2 + H2O

20.00 cm3 of this solution was reacted with sulphuric acid, and 22.50 cm3 of acid was needed for neutralisation. The solution of sodium carbonate contained 5.30g per litre.

(a) Calculate how many moles of sodium carbonate there are in 5.30g and hence find the

     concentration in mol per litre.

(b) How many moles of Na2CO3 were taken for the reaction?

(c) Use the equation to find how many moles of acid reacted with this number of moles 

  of  sodium carbonate.

(d) What was the concentration of the acid in mol per litre?

(e) What was the concentration of the acid in g per litre?




[5]

3.
Potassium hydroxide reacts with ethanoic acid as follows:

KOH + CH3COOH ((( CH3COOK + H2O

25.00 cm3 of potassium hydroxide solution was neutralised by ethanoic acid; 15.00 cm3 of acid was needed.

(a) The acid contained 6.0g per dm3. What was its concentration in mol per dm3?

(b) How many moles of ethanoic acid were taken for the reaction?

(c) Use the equation to find how many moles of KOH reacted with this.

(d) What was the concentration of the KOH in mol per dm3?




[4]

4.
Sodium hydrogencarbonate is used as an indigestion remedy because it reacts with the hydrochloric acid in the stomach: NaHCO3 + HCl ((( NaCl + CO2 + H2O


(a) A solution was made up containing 4.2 g/l. Calculate its concentration in mol/l.


(b) A person with indigestion swallowed 25 cm3 of this solution. Assuming the stomach 

contained HCl of concentration 0.1 mol per litre, what volume of acid was neutralised  by the NaHCO3?










[3]

5.
A solution of ethanedioic acid (H2C2O4) was used to determine the concentration of a solution of potassium hydroxide, according to the reaction:   H2C2O4 + 2KOH ((( K2C2O4 + 2H2O

25.00 cm3 of ethanedioic acid solution of concentration 0.100M required 21.50 cm3 of alkali solution for neutralisation. Calculate:

(a) the number of moles of acid taken for titration

(b) from the equation, the number of moles of KOH reacting with it

(c) the number of moles in 1 dm3 of the KOH

(d) the concentration of the KOH in grams per dm3.





[4]
Concentration Calculations 2

Edexcel Chemistry for AS – pg 22-24 and 168-171
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1.
Limewater reacts with sulphuric acid:   Ca(OH)2 + H2SO4 ((( CaSO4 + 2H2O

(a) A solution of sulphuric acid contained 9.8 g dm–3. What was its concentration

      in moles per dm3?

(b) This was then neutralised with a given solution of limewater; 50 cm3 of limewater   

      needed 105 cm3 of the acid. Calculate the concentration of the limewater in mol dm–3.
[5]

2.
Sodium hydroxide and sulphuric acid react as follows:  2NaOH + H2SO4 ((( Na2SO4 + 2H2O


(a) The concentration of the alkali was 8.0 g dm–3; calculate the concentration in mol/l.


(b) If 20.00 cm3 of the acid required 15.55cm3 of the alkali for neutralisation, find the 

     concentration of the sulphuric acid in mol dm–3




[5]

3.
25.00 cm3 of a 0.2M solution of H3PO4 reacted with a solution of KOH containing 0.44 mol dm–3:      

H3PO4 + 3KOH ((( K3PO4 + 3H2O

Calculate the volume of KOH solution needed for neutralisation.



[3]

4.
A solution of ammonia contained 8.5g of ammonia gas per litre of solution. 25.00 cm3 of this solution neutralised 15.25 cm3 of a solution of hydrochloric acid:



NH3 + HCl ((( NH4Cl

Calculate the concentration of:


(a) the ammonia in mol dm–3
(b) the HCl in mol dm–3 (c) the HCl in g dm–3.
[5]

5.
25.00 cm3 of aqueous sodium carbonate required 17.00 cm3 of 0.0500M dilute sulphuric acid to neutralise it. 
Na2CO3 + H2SO4 ((( Na2SO4 + CO2 + H2O


Calculate the concentration of the sodium carbonate solution in mol dm–3.


[3]

6.
27.00 cm3 of HCl solution containing 3.65gdm(3 neutralised 25.05 cm3 of a Ca(OH)2 solution. Calculate the concentration of the alkali in (a) mol dm–3 and (b) g dm–3.


[3]

7.
When butter goes off, butanoic acid, C3H7COOH, is produced. This can be titrated against sodium hydroxide as follows:
NaOH + C3H7COOH ((( C3H7COONa + H2O


25.00 cm3 of a solution extracted from rancid butter reacted with 17.6 cm3 of 0.118M sodium hydroxide. Calculate the molarity of the butanoic acid in the solution.



[3]

8.
Sulphamic acid reacts with sodium carbonate in accordance with the equation:



2NH2SO3H + Na2CO3 ((( 2NH2SO3Na + H2O + CO2

A solution of the acid was made up containing 24.25 g dm–3 and 30.00 cm3 of it were required to titrate 25.00 cm3 of a solution of sodium carbonate. Calculate:


(a) the relative molecular mass of sulphamic acid.


(b) the number of moles of sulphamic acid dissolved in 1 dm3

(c) the number of moles of sulphamic acid taken for titration.


(d) the number of moles of sodium carbonate reacting with it.


(e) the concentration of sodium carbonate in moldm(3

(f) the mass of solid anhydrous carbonate that would have to be dissolved per dm3 in  

     order to make the solution.

(g) the mass of hydrated sodium carbonate, Na2CO3.10H2O, that would have to be 

     dissolved per dm3 to make the solution.






[7]

 Basic Structure and Bonding Theory
Edexcel Chemistry for AS – pg 63-69 and 77-80
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1)
Explain each of the following clearly:


a)
Simple molecular substances:


i)
usually have low melting and boiling points
[2]


ii)
do not conduct electricity
[2]


b)
Giant covalent substances:


i)
have very high melting and boiling points
[2]


ii)
do not conduct electricity (except graphite) 
[3]


c)
Metallic substances:


i)
usually have high melting and boiling points
[2]


ii)
can conduct electricity
[2]


iii)
are malleable and ductile
[2]


d)
Ionic substances


i)
have high melting and boiling points
[2]


ii)
can conduct electricity when molten or dissolved, but not when solid
[2]


iii)
are brittle
[2]

2)
The table gives some information about some substances.

	Substance
	Boiling point  oC
	Electrical conductivity

(when molten)
	Density

g cm-3 at r.t.p

	Carbon dioxide
	-78
	poor
	0.002

	Diamond
	4800
	poor
	3.500

	Silicon dioxide
	2230
	poor
	2.650

	Sodium chloride
	1413
	good
	2.170

	Sulphur dioxide
	-10
	poor
	0.003


a)
Which two substances in the table are gases at room temperature?



     [1]
b)
Which two substances in the table are made up of simple molecules?


     [2]
c)
Use your knowledge of the forces between atoms and between molecules to explain the difference in density of carbon dioxide and diamond.





     [2]

d)
Explain why solid sodium chloride will not conduct electricity, but molten sodium chloride will.













     [1]

e) Explain why molten silicon dioxide will not conduct electricity but aqueous sodium chloride will.












     [2]
3)
Draw dot-and-cross diagrams to illustrate the bonding in:

a) hydrogen fluoride
  b) tetrafluoromethane
c) water
d) nitrogen

     [8]

4) Explain why the bond energy for N2 (g) ((( 2N (g) is +944 kJ/mol (a very high value) yet nitrogen is a gas at room temperature.







     [3]
5) Discuss the limitations of the 'octet rule' with reference to the following compounds:



BF3,    PF5,    Al2Cl6

    [4]

More Structure and Bonding
Edexcel Chemistry for AS – pg 63-69, 77-80 and 41-43



Total  / 37
1)
a)
Describe what is meant by a covalent bond. 





     [2]


b)
Describe how electron density maps provide proof for covalent bonding.

     [2]

2)
a)
Describe what is meant by an ionic bond. 






     [2]


b)
Describe how electron density maps provide proof for ionic bonding.


     [2]

3)
a)
Describe what is meant by a metallic bond. 
     [2]


b)
Explain why the melting point of potassium is lower than that of sodium.
[2]


c)
  Explain why the melting point of magnesium is higher than that of sodium.
[2]

4)
Draw dot-and-cross diagrams to show the bonding within the following substances:

(a)
Lithium oxide


(b)
Magnesium nitride



     [6]

5)
Study the table of data below for five substances, A to E, and then answer a)-e) below.
	substance
	mpt /oC
	boiling

point /oC
	electrical conductivity
	solubility in water

	
	
	
	as a solid
	as a liquid
	

	A
	801
	1465
	poor
	good
	soluble

	B
	– 182
	– 161
	poor
	poor
	insoluble

	C
	1610
	2230
	poor
	poor
	insoluble

	D
	1083
	2582
	good
	good
	insoluble

	E
	– 95
	69
	poor
	poor
	immiscible


 
a)
Which substance is liquid at 1500 oC ?
  [1]


b)
Which substances have giant structures ?
[1]


c)
Which substances have simple molecular structures ?
[1]


d)  Which substance has a simple molecular structure with the strongest intermolecular

 (between molecule) bonds ?
[1]


e)
Which substance could be used in electrical wiring ?
[1]

6)
a)   Calcium oxide and sodium chloride both have cubic giant ionic lattices structure with similar 

inter-ionic distances. Explain why calcium oxide melts at 2973 K whereas sodium chloride melts at 2074 K.
 [3] 
        b)  Explain why Beryllium chloride is a poor electrical conductor when molten, while the next Group 2 chloride, magnesium chloride, is a good electrical conductor when molten. 
  [3]

Challenge of the week – You have to be good to get this one right! 
7)
Nitrogen and phosphorus are the first two elements in Group 5.  Selected data is given below.

	
	N–N
	P–P
	N(N
	P(P

	Bond length / nm
	0.145
	0.221
	0.110
	0.189

	Bond energy / kJ mol-1
	158
	198
	945
	485



a i)   Why is it a little surprising, at first sight, that the N–N bond is weaker than the P–P bond?


  ii)
  Explain this apparent anomaly.
[2]

b)
Given your answer to a), explain why the N(N bond is stronger than the P(P bond.
[2]
	
c)
Explain, using relevant data, why nitrogen exists as N2 molecules, but white phosphorus as P4 molecules (the structure of a P4 molecule is shown). 
	[image: image1.wmf]P

P

P

P


	            [2]


Lattice Enthalpies
Edexcel Chemistry for AS – pg 71-77
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1. a)    Define the term lattice energy.







 (3)

    b)    A Born–Haber cycle for the formation of lithium chloride is shown below.
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	Enthalpy change   / kJ mol–1

	Enthalpy of formation of lithium chloride(s)
	–409

	Enthalpy of atomisation of lithium
	+161

	Enthalpy of atomisation of chlorine
	+122

	1st ionisation energy of lithium
	+519

	Electron affinity of chlorine
	–349


     i)   Calculate the lattice energy, Hlatt, of lithium chloride.



(2)

        ii)   The enthalpy change Ha is the enthalpy of atomisation of lithium metal.

           Suggest, and explain, whether you would expect the value of Ha for potassium to be 
           more or less endothermic than that for lithium.




(2)

   c) i)    State TWO properties of ions that affect the value for the lattice energy of ionic compounds.












(2) 
    ii)    The calculated value for the lattice energy of potassium chloride is almost exactly the 
            same value as that found experimentally.

           Why is the theoretical value for the lattice energy of silver chloride, –833 kJ mol–1, so 
           different from the experimentally determined value of –905 kJ mol–l? 
 
(2)
2. 
Explain for the trend shown in the lattice enthalpy values of the sodium halides.
(3)
	Sodium halide
	Lattice enthalpy/kJ mol–1

	NaF

NaCl

NaBr

NaI
	–902

–771

—733

–684


3.     A Born-Haber cycle for the formation of calcium oxide is shown below.
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Data H/kJ mol–1:

H1 = +193;  H2 = 590;  H3 = +1150;  H4 = +248;  H6 = –3513;  H7 = –635.

a)   i)   Identify the change which represents the lattice enthalpy of CaO. 


(1)
     ii)   Use the data above to calculate H5. 






(3)
    iii)   Use this value of H5 to calculate the first electron affinity of oxygen, given that the 
           second electron affinity of oxygen is +844 kJ mol–1.     



(2)
b)  i)   What enthalpy change does the value of H2 represent?   



(1)
    ii)    Would the value of H2 be larger or smaller for magnesium than it is for calcium? (1)
   iii)    Explain your answer in (b)(ii)







 (2)
4. a) Using the data provided, construct a Born-Haber cycle for magnesium chloride, MgCl2, 
        and from it determine the electron affinity of chlorine.




(5)

/kJ mol–1

Enthalpy of atomisation of chlorine
+122


Enthalpy of atomisation of magnesium
+148


First ionisation energy of magnesium
+738


Second ionisation energy of magnesium
+1451


Lattice enthalpy of magnesium chloride
–2526


Enthalpy of formation of magnesium chloride
–641

     b)  The theoretically calculated value for the lattice enthalpy of MgCl2 is –2326 kJ mol–1. Explain the difference between the theoretically calculated value and the experimental value given in the data in (a), in terms of the bonding of MgCl2.





(3)
Bonding – Shapes of Molecules

Edexcel Chemistry for AS – pg 118-123





Total   / 36
1.
Draw “dot-cross” diagrams for the following substances:




(a) PCl5
(b) CO2 
(c) NH4+





[6]

2. 
Explain the bonding in the NH4+ ion, with reference to your diagram in (1), to the three-dimensional shape, and to the (uniform) bond lengths. Where does the + charge reside?
[3]

3. 
Why can sulphur form six bonds such as in SF6 while oxygen can only form two, eg OF2?
[3]

4. 
State the bond angles in CH4, NH3 and H2O.


Explain why they differ.









[6]

5. 
For each of the following

i)
draw the three dimensional shape (including any lone pairs)

ii)
state the name of the shape.  (Remember that when naming the shapes of molecules, you cannot ‘see’ lone pairs.)



(a)  XeF4
(b)   SF6
(c)    [XeF5]+       
(d)   PCl3
(e)   SF4

[10]

6.
Suggest, giving your reasoning, a shape for the methyl radical; CH3. 



[2]
7. Ammonia reacts with boron trifluoride, BF3 to form NH3.BF3.  



[2]


Sketch the shape of the molecule formed.







8.
What shape would you predict for NH2-?






[2]
9. Draw dot and cross diagrams to show the bonding in the simplest hydrides formed of phosphorus and sulphur and draw the shapes of the two molecules.   





[2]
Intermolecular Forces


Edexcel Chemistry for AS – pg 127-137
Total  / 43
1.
Explain the following terms, illustrating your answers with diagrams of suitable molecules.

    a)
bond polarity
    b)
polar molecules
[4]

2.
Explain how electron density maps provide evidence for intermediate bonding.
[4]

3. Decide whether the following bonds are polar or non-polar. If the bond is polar, state which is the + atom, and explain whether or not the molecule is polar.

a) I-Cl in ICl3
b) F-O in F2O

c) C=O in CO2
d) C-I in CH3I

e) C-Cl in CCl4 
[10]
4.
Explain why London forces are often referred to as instantaneous dipole induced dipole 


interactions.
[4]

5.
Explain why molecules of hydrogen fluoride form intermolecular hydrogen bonds whereas molecules of hydrogen chloride do not.
[3]

6.
Explain the boiling points (all in oC) in the following series of compounds:

	a)
	He
	Ne
	Ar
	Kr
	Xe
	

	
	-269
	-246
	-186
	-152
	-108
	[3]




[3]

	b)
	 H2Te
	H2Se
	H2S
	H2O
	
	

	
	-4
	-53
	-92
	100
	
	[3]




[3]

	c)
	CH3CH2CH2CH3
	CH3CH2OCH3
	CH3CH2CHO
	CH3CH2CH2OH
	

	
	0
	11
	49
	97
	[4]




[4]

	d)
	CH4
	NH3
	H2O
	HF
	

	
	-164
	-33
	100
	19
	[4]




[4]
More Intermolecular Forces


Edexcel Chemistry for AS – pg 131-137
Total  / 35
1. Methane and poly(ethene) are both hydrocarbons.
a) State the type of intermolecular force present in both compounds. 
[1]
b) Explain why poly(ethene) melts at a higher temperature than methane.
[4]

2. Explain why is solid water less dense than liquid water? 
[2]

3. Explain, in terms of the intermolecular forces involved, the variation of the boiling 

temperatures of the Group 5 hydrides listed below.

	Hydride
	Boiling Temperature/ K

	Ammonia, NH3
	240

	Phosphine, PH3
	183

	Arsine, AsH3
	218

	Stibine, SbH3
	256












[4] 

4.
The solubilities of ammonia and phosphine are given below:
	Hydride
	Solubility in water / mol dm-3

	Ammonia, NH3
	31.1

	Phosphine, PH3
	8.88 x 10-4


       Explain the data. 









           [4]
5.
Explain the following; 

i)
CH3CH2OH is more soluble in water than its isomer CH3OCH3
[3]


ii)
Chloromethane, CH3Cl, is more polar than ammonia, NH3. 
[2]


iii)
Chloromethane, CH3Cl, is insoluble in water, whereas ammonia, NH3. is soluble.
[3]

6.
Explain why magnesium chloride is soluble in water even though it has a lattice enthalpy of 


– 526 kJ mol-1. 
[4]

7.
Discuss the solubility of aspirin and ibuprofen in water and in fat.
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Oxidation numbers and Redox
Edexcel Chemistry for AS – pg 138-145





Total   / 49
1)

Calculate the oxidation state of each underlined element in the following:



SO2
SO3
SO42-
Cr2O3
CrO3
MnO42-
MnO4-




FeCl42-
Cu2O
CuO






[10]

2)

Write a half equation for each of the following conversions.


a)
H2 
[image: image5.wmf] H+
b)
Br- 
[image: image6.wmf] Br2

c)
SO42- 
[image: image7.wmf] SO2




d)
SO42- 
[image: image8.wmf] H2S
e)
Cr2O72- 
[image: image9.wmf] Cr3+




[10]
3)

Look at the following half equations.  Use them to create the redox equations stated below.



MnO4-  +  8 H+  +  5 e-  
[image: image10.wmf]  Mn2+  +  4 H2O



Fe3+  +    e-  
[image: image11.wmf]  Fe2+


2 H+ +  O2  +  2 e-    
[image: image12.wmf]  H2O2


H2O2  +   2H+  +   2e-      
[image: image13.wmf]     2H2O 

a)
oxidation of Fe2+ by H+/MnO4-

b) 
oxidation of Fe2+ by O2

c)
oxidation of H2O2 by H+/MnO4-


d)
the disproportionation of H2O2







[8]

4)

Give the definition of a disproportionation reaction.




[2]
5)
       State whether the following are redox reactions or not, by showing the oxidation 


numbers of each of the elements involved. If the reaction is a redox reaction state which 


species has been oxidized during the reaction.

a)
Zn  +  2HCl   

(  
ZnCl2  +   H2
b)
CuO  +  2HCl   
(  
CuCl2  +   H2O

c)
MnO2  +  4HCl   
(  
MnCl2  +   Cl2       +   H2O

d)
Cl2  +  H2O 
  
(  
HCl  +   HClO



[8]
6)
Which of the reactions in Qu 5) is classed as a disproportionation reaction?
[1]

Challenge of the week – You’ve gotta be good for this one!
7)
A solution of the NO2- ion can be reduced to the ion, N2O22-. This ion is a strong reducing agent which reacts with MnO4- in acidic conditions to form Mn2+ ions and a second product that could be NO, NO3-, NO2-, N2O or NO2.

a) State the oxidation number of nitrogen in NO, NO3-, NO2-, N2O, NO2 and N2O22-.  [6]
b) 8 moles of MnO4- react with 5 moles of N2O22-. 

i)   Use this information to identify the second product of the reaction.

ii)   Write a balanced equation for the reaction of 8 moles of MnO4- react with 
       5 moles of N2O22-.







           [4]

Group 2

Edexcel Chemistry for AS – pg 147-155





Total  / 57
1.
Magnesium is an element in Group II of the Periodic Table.

(a)  Complete, and balance if necessary, the following equations showing state symbols:



(i)
Mg(s) + H2O(g) 




 


(ii)
Mg(s) + O2(g)  




 



(iii)
MgO(s) + H2O(l) 




 



(iv)   Mg(OH)2(s) + HCl(aq)


 






[3]

(b)  Magnesium reacts very slowly with cold water whereas barium reacts more rapidly.  This shows the increasing reactivity of the Group 2 elements on descending the group.


(i)
Suggest why the reactivity increases in this way.



[2]


(ii)
Name one other reaction of Group 2 elements which illustrates this trend of increasing reactivity.









[1]

(c)  (i)  Magnesium oxide is used as a refractory material in some furnace linings.  

What property makes it suitable for this use? 





[1]


 (ii)  Give a commercial use for each of three Group 2 compounds and explain why the compound is used for that purpose.






[6]

2. (a) Write balanced equations for the thermal decomposition of;

i)
strontium nitrate

ii)
 strontium carbonate.







[6]

(b) Explain how these reactions differ from the thermal decomposition of group 1 
carbonates and nitrates.








[4]

(c)  The principal component of limestone is calcium carbonate, CaCO3. Calculate the percentage of pure calcium carbonate in a sample of limestone, 1.0g which neutralised 

38 cm3 of 0.50 mol dm-3 hydrochloric acid.






[5]

3. (a)  Calculate the mass of one mole of magnesium nitrate, Mg(NO3)2.
[1]

    (b) The equation for the thermal decomposition of magnesium nitrate  may be written as:




2Mg(NO3)2(s)  2MgO(s)  +  4NO2(g)  +  O2(g)


(i) What would be the total volume of gas, measured at room temperature and pressure, produced by the thermal decomposition of a 2.96 g sample of the salt?
[4]


(ii) Give a precaution, other than the wearing of goggles, that you would  take in carrying out the heating of this sample.   
[1]

4.
Read the activity on pg 12-13 of Chemistry for AS and answer questions 1-7.   
           [22]

Inorganic Analysis

Edexcel Chemistry for AS – pg 11-13 and 164-167
               
        Total   / 46
1.
This is a planning exercise in which you are to describe a series of laboratory tests, the  results of which will allow you to identify the five colourless aqueous solutions listed below:


ammonium sulphate, (NH4)2SO4
barium chloride, BaCl2
dilute hydrochloric acid, HCl
sodium sulphate, Na2SO4
sodium sulphite, Na2SO3.

The five solutions are in unlabelled bottles. 


You are provided with aqueous sodium hydroxide, a book of red litmus paper, a supply of test tubes in racks, dropping pipettes and a Bunsen burner but with no other reagents or apparatus.
In your plan you should make use of the tests described in the table below.

	Ion
	Test
	Result

	Ammonium ion,
NH[image: image14.wmf]+

4


	Warm with aqueous
sodium hydroxide.
	Alkaline gas evolved

	Sulphate, SO[image: image15.wmf]–

2

4


	Add aqueous barium
chloride, BaCl2, followed
by dilute hydrochloric
acid, HCl.
	White precipitate, insoluble
in dilute hydrochloric acid,
HCl

	Sulphite, SO[image: image16.wmf]–

2

3


	Add aqueous barium
chloride, BaCl2, followed
by dilute hydrochloric
acid, HCl.
	White precipitate, soluble
in dilute hydrochloric acid,
HCl. Gas evolved as
precipitate dissolves.



In your plan describe the sequence of tests, their expected results and your conclusions.
Name any gases evolved in the tests. Make clear at which point you can identify a solution.
There is no need to include quantities of solutions in your plan.

 (Total 10 marks)

2.
The observations made in a series of tests on a compound C are given in the table below. C contains one cation and one anion.


Complete the table by writing inferences, which correspond with each observation.  In the ‘Inferences ’column you should identify any precipitates and gases evolved.

-

	Tests on C
	Observations
	Inferences

	Flame test on solid C
	Light green coloured flame
	

	Heat on C
	Brown gas evolved

Relights glowing splint
	

	Dissolve C in water
	Colourless solution
	

	Add dilute sulphuric acid to the solution of C
	White precipitate
	

	Add excess sodium hydroxide
solution to the solution of C
	Faint white precipitate
insoluble in excess
	


Give the formula of C ……………….………………

(Total 8 marks)

3.
Two compounds Q and R react together to give a solid and three gases.

(a)
(i)
Q is a white solid. Complete the table below to show the ions present in Q.                (2)
	Test
	Observation
	Inference

	Flame test
	Lilac flame
	

	Dissolved in water and acidified and then tested with aqueous
silver nitrate solution.
	Pale cream precipitate
	



(ii)
What further test would you perform on the pale cream precipitate to confirm its identity? 


State what you would do and what you would see.





 (2)

(b)
R is a colourless, corrosive, viscous liquid that mixes with water in all proportions in a very exothermic process. Complete the inference statements in the table below.

	Test
	Observation 
	Inference

	Solution of R is added to zinc metal.
	Bubbles of gas evolved.

A squeaky pop is heard when the gas is tested with a lighted splint
	The gas is ..........................

 R contains …………. ions

	Aqueous barium chloride added to a solution of R. Dilute HCl then added.
	White precipitate formed which does not dissolve in dilute aqueous hydrochloric acid.
	The precipitate is

……………………………
 R is ……………………


(4)

(c)
Addition of R to Q at room temperature gives three gases.

· an orange/brown gas U that can be condensed to a brown volatile liquid;

· a steamy, acidic, very water-soluble gas T that reacts with silver nitrate in the same way that Q itself does;

· sulphur dioxide.

 (i)
Identify U and T  








(1)

(ii)
How would you show the presence of sulphur dioxide?




(2)

(iv)
State two safety precautions you would take when mixing R and Q. Give a reason in each case. (2)

4.
A student investigated the ease with which Group 2 metal carbonates thermally decompose when heated with a Bunsen burner.     XCO3(s) → XO(s) + CO2(g)

The student heated each carbonate separately in a test tube. The volume of gas collected in a gas syringe was measured after two minutes.

(a)
Each test tube must be heated directly by a Bunsen flame in an identical manner.
Suggest how this can best be achieved.






(2)

(b)
In each experiment, the student used the same number of moles of metal carbonate.


The mass of magnesium carbonate, MgCO3, heated was 0.21 g.


Calculate the mass of barium carbonate, BaCO3, that should be used for a valid comparison.  (3)

(c)
(i)
Calculate the maximum volume of carbon dioxide that would be produced by the 



complete decomposition of 0.21 g of magnesium carbonate.                                        (2)


[1 mol of gas occupies 24 000 cm3 under the conditions of the experiment.]

        (ii)
      The balance used to weigh the magnesium carbonate is accurate to ± 0.01 g.
      Calculate the percentage error in the mass of the magnesium carbonate weighed.          (1)
(d)
The following results were obtained after heating each sample for two minutes.

	Metal carbonate in the
test tube
	Volume of gas produced
/cm3

	None
	9

	MgCO3
	20

	CaCO3
	13

	SrCO3
	11

	BaCO3
	9


(i) Why was a test tube containing no metal carbonate heated?



 (1)

(ii)
Describe a chemical test that would be used to confirm the identity of the gas produced.
 (2)

(iii)
Use the results in the table to describe the trend in thermal stability of the Group 2 metal carbonates.

(iv)
Explain the trend in thermal stability of the Group 2 metal carbonates.


 (4)

Halogens 1
Edexcel Chemistry for AS – pg 156-162





Total    /  45
1.
a  i)
Suggest why lithium iodide is soluble in propanone.




[2]
ii)
Explain why sodium chloride is a high melting solid yet soluble in water at room temp.

iii)
Explain why covalent bromides generally have higher melting points than covalent chlorides yet for ionic compounds the reverse is true.




[5]
b i) 
Chlorine is a gas, bromine a liquid and iodine a solid at room  temperature.

      Explain this trend in volatility.







[3]

ii) 
Chlorine is more reactive than bromine and bromine is more reactive than iodine.

 
Explain this trend in reactivity.







[3]
c) Write an ionic equation for the reaction between chlorine and aqueous potassium bromide. Explain in terms of oxidation numbers why chorine is acting as an oxidizing agent in this reaction.

[3]

d) Tetrachloromethane, CCl4, was formerly used as an important industrial solvent.

i)
What shape is the CCl4 molecule?






[1]

ii)
Explain why CCl4 does not dissolve in water whereas sodium chloride does.

[3]

2. a  Astatine is a member of the halogen family.

i)  Predict three chemical properties of astatine and explain your reasoning by reference to the properties of the other halogens.


   ii) Suggest why astatine is not normally studied in school or college laboratories. 

[7]
    b.   Balance the following redox reactions of the halogens:


(i)        I–       +        IO3–       +       H+
(             I2      +           H2O


(ii)       I2       +         OH– 
(            IO3–   +            I–    +        H2O


(iii)      F2      +         OH– 
(            O2      +        F–    +           H2O 
 
[6]

2.
3 a.  What name is given to the enthalpy change of the following reaction?



K+(g) + Br–(g) ( KBr(s)







[1]
b. Use the following data to construct a fully-labelled energy diagram and use it to calculate the  

      enthalpy change in a).

               [image: image17.wmf]/ kJ mol–1    Br2(l) ( 2Br(g)  +224

Br(g) + e– ( Br–  –348

                  K(s) + ½Br2(1) ( KBr(s)  –392                       K(s) ( K(g)  +90


                                       K(g) ( K+(g) + e–  +424





[6]
c. What would you observe if solid potassium bromide was treated with concentrated H2SO4?     

       Identify the species responsible for your observations.   




[3]

d.    Describe a test for the detection of bromide ions in aqueous solution. 


[2]
Halogens 2
Edexcel Chemistry for AS – pg 156-162




Total    /  37
1 a.
How does concentrated sulphuric acid react with sodium chloride?  

Write an equation for the reaction. 







[2]
 
    b. Explain why Sodium iodide does not react with concentrated sulphuric acid in this way.      [2]
2.
A student was given three bottles from which the labels had been removed.  The bottles all 

contained white, crystalline solids.  He was told that the bottles contained sodium chloride,

sodium bromide and potassium iodide.  Describe suitable tests which he could carry out to work

out which bottle contained which salt.  
 [6]

3  a  i)  Write a balanced equation for the reaction between gaseous Cl2 and cold, aqueous NaOH.  [2]

  ii)  What useful household chemical is produced by this reaction?



[1]

 iii)  In this reaction, chlorine is said to disproportionate.  

    Suggest, in terms of oxidation numbers what this term means. 



[2]
 b. 
   Trichloroisocyanuric acid sets up an eqm with water to produce chloric (I) acid, HOCl:




[image: image18.wmf]N
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i)  What is the oxidation state of chlorine in chloric (I) acid?





ii) HOCl oxidises sweat- and urine- based compounds. Use Le Chatelier’s Principle to explain why trichloroisocyanuric acid can be used as a reservoir of HOCl in swimming pools.  
[2]
c.
 The concentration of the chlorate (I) ion, ClO-, in bleach can be found by acidifying it in the    

presence of iodide ions;    ClO- + 2H+ + 2I- (  Cl- + I2 + H2O .

 The iodine produced can then be titrated against a standard solution of sodium thiosulphate:

                             I2 + 2S2O32- (  2I- + S4O62- .

 A 25.00cm3 sample of domestic bleach was diluted to 250cm3 with distilled water.
 25.00cm3 of the diluted bleach was then acidified and treated with KI solution to ensure that all the chlorate (I) ions reacted. The I2 liberated was titrated against standard sodium thiosulphate solution of concentration 0.20 moldm-3; 19.80cm3 of thiosulphate was required.

 Calculate the concentration of chlorate(I) in domestic bleach.



[5]
4.  a  i)    State the oxidation number of iodine in KIO3 and KIO4. 




[2]
  ii)    In the reaction IO3- (aq) + 5I- (aq)+ 6H+ (aq) ( 3I2(s) + 3H2O (1) iodine is simultaneously oxidised and reduced. Explain why this is not a disproportionation reaction.


[2]
 iii)    Describe a chemical test you could carry out to show that iodine was produced. 

[2]
 iv)    Suggest, by reference to the ionic equation in part (ii), the ionic equation for the reduction 

         of KIO4 to iodine in the presence of excess acid and excess KI. 



[2]
b. Cyanogen, (CN)2, is a gas that is dissolves in water to give the weak acid hydrocyanic acid, HCN


          (CN)2(g) + H2O(1) ( HCN(aq) + HCNO(aq)


  In aqueous alkalis it gives  (CN)2(g) + 2OH- (aq) ( CN- (aq) + CNO- (aq) + H2O(1)

   It reacts with hot metals to form cyanides  (CN)2(g) + 2K(s) ( 2KCN(s)

i) It is said that cyanogen behaves as if it were a Group 7 element. 
      Give TWO pieces of evidence in support of this statement.




[2]

ii)   Write an equation for the reaction between KCN and concentrated H2SO4 when heated.  
[2]
5.
Suggest why the molar mass of aluminium(III) chloride appears to vary between 133.5  and 267 depending upon the temperature.








[3]
Rates 1 – Concentration and Surface Area
Edexcel Chemistry for AS – pg 178-186 + CD end of topic notes.

Total  / 35
1.
Increasing the surface area of a solid reactant neither lowers the activation energy nor gives particles more energy. Explain why the reaction rate increases as surface area increases?









[3]

2. Marble chips react with hydrochloric acid according to the equation below.

CaCO3(s)  +  2HCl(aq)      (      CaCO3(s)    +  H2O(l)    +  CO2(g)

a) Describe two methods of following the rate of reaction. In each case draw a diagram of the apparatus you would use.







[6]

b) Explain how and why the rate changes if the concentration of the HCl is doubled.
[3]

3. The graph below shows the volume of hydrogen produced as 2.00 g of magnesium ribbon

reacts with 100 cm3 of sulphuric acid, concentration 1.00 mol dm-3.
[image: image19.wmf]2
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a i)
Explain why the hydrogen is produced at a faster rate at the beginning of the experiment



than it is at the end of the experiment.





[3]
b i)
Show by calculation whether the magnesium or the sulphuric acid is in excess.
[3]
ii)  Hence calculate the mass of hydrogen produced.




[2]
c)  During the course of the experiment the temperature of the solution rises from
        20 °C to 42.5 °C. Taking the specific heat capacity of the solutions as 4.2 J g–1K–1,    

        calculate the apparent enthalpy change for this reaction.



[3]
4.
The graph below shows how the volume of carbon dioxide produced varies against time during reaction 1, which is a reaction between calcium carbonate and hydrochloric acid.  The calcium carbonate was in excess Sketch and label similar curves for reactions 2-7.


[image: image20.wmf]volume of CO

2

time


	Expt
	CaCO3
	HCl concentration

(mol dm-3)
	Volume HCl (cm3)
	Temperature ((C)

	1
	small
	2
	100
	20

	2
	large
	2
	100
	20

	3
	small
	2
	200
	20

	4
	small
	4
	100
	20

	5
	small
	2
	100
	30

	6
	Small + catalyst
	2
	100
	20

	7
	small
	1
	200
	20


[12]

Rates 2 – The Nuts and Boltzmanns
CD end of topic notes.






      
         Total  / 35
1.
This question is about the reaction between bromomethane and aqueous hydroxide ions

CH3Br + OH- ( CH3OH + Br-
   a)
An increase in temperature increases the rate of this reaction.


Explain the increase by referring to the collision frequency and the collision energy of the molecules.












[3]

   b)
Describe a method of following the rate of reaction.






[3]

2 a)
The graph below represents the Maxwell–Boltzman distribution of molecular energies at a temperature T1 K.

[image: image21.wmf]Number of
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     i)
Sketch on the same axes, the curve which shows the distribution of molecular energies at a higher temperature T2 K. T2 is approximately 20 K greater than T1.




[2]
    ii)
Use these graphs to explain how the rate of a reaction changes with increasing temperature.
[3]









[3]
   b)
For a gaseous reaction, state and explain what effect the addition of a catalyst would have on:

      i)
the energy distribution of the gas molecules;







[2]
     ii)
the activation energy for the reaction; 







[2]
    iii)
the rate of reaction. 










[2]
3.
Manganese(IV) oxide catalyses the thermal decomposition of potassium chlorate(V) as well as the decomposition of hydrogen peroxide, H2O2 into oxygen and water.
   a)
Write a balanced equation for the decomposition of hydrogen peroxide, H2O2.


[2]
   b)   Give the formula of manganese(IV) oxide and suggest how it works as a catalyst with the aid of a Maxwell-Boltzman distribution diagram.







[5]
   c)
Write a balanced equation for the decomposition of potassium chlorate(V) into potassium chloride and oxygen. 










[3]
   d)    Two experiments are carried out on the thermal decomposition of potassium chlorate(V) under the same conditions except that in one experiment the manganese(IV) oxide is a fine powder and in the other the same mass of coarse granules is used.


Which experiment would show the faster rate of decomposition? Explain your answer in terms of collision theory.










[2]
4.. The following data was obtained for reaction of N2 gas with H2 gas, to form ammonia gas:


Experiment no.
1

2

3


N2 pressure/atm
50

100

50


Temperature/K
600

600

620


Relative rate

1

2

2
a) Comment on these figures, suggesting reasons for the rates obtained in the second and third expts.  [4]
b) Suggest what the approximate temperature might be when the relative rate is;

      (i) 3;   and    (ii) 4,      at a pressure of 50 atm N2.






[2]
Law and Disorder











 
  Total  / 30
1. a)
Explain what is meant by the term entropy.

b) How is entropy used to determine if reactions are spontaneous?  
c) State the two major factors that determine the standard molar entropy of a substance. [4]

2. Use your answers to Qu 1 to answer the following;

a) Which has the highest standard molar entropy in each of the following pairs?  

Explain your answer in each case.

i) Ne(g) and Xe(g)

ii) Cl2(g) and Br2(l)

iii) H2O(l) and H2O(s)

iv) C3H8(g) and C4H10(g)
     [4]

b) i)    Use your data book to find the standard molar entropy of the following substances.

	Substance
	Standard Entropy (S)

/ J mol-1 K-1

	C (diamond) (s)
	

	C (graphite) (s)
	

	Si(s)
	

	O2(g)
	

	O3(g)
	


ii) Explain the trends and differences seen in the data in b i).


    [5]
c) For each of the following processes state whether you would expect the total entropy of the products to be greater or less than that of the reactants.  

Explain your answer in each case.

i) NaCl(s)
+
(aq)
(
NaCl(aq)

ii) S(s)
+
O2(g)
(
SO2(g)

iii) Ca2+(aq)
+
CO32-(aq)
(
CaCO3(s)

iv) 4Al(s)
+
3O2(g)
(
2Al2O3(s)

v)                     CaCO3(s)
(
CaO(s)    +    CO2(g)
      [5]
3.
The entropy change for a reaction (ΔSsystem) can be found using the expression;


ΔSsystem =  Sum of SOproducts – Sum of SOreactants
 a)
Predict the sign of ΔSsystem for the following reactions, giving your reasoning for each one.



i)
H2O(g)  (  H2O(l)


ii)
H2(g)  +  Cl2(g)  (  2 HCl(g)


iii)
C3H8(g)  +  5 O2(g)  (  3 CO2(g)  +  4 H2O(l)



iv)
3H2(g)  +  N2(g)  (  2 NH3(g)






     [4]

 b)
Calculate ΔSsystem for each the above reactions using the data in your data book.






     [8]

More and More Disorder 





                                                    Total  / 56
1.
Without referring to any data source, predict whether the entropy of the system will increase or decrease in the following reactions.



i)

          2H2(g) + O2(g)   (  2H2O(l)


ii)

CaCO3(s)  +  2HCl(g)  (   CaCl2(aq)  +  H2O(l)  +  CO2(g)


iii)

          Na(s)  +  Cl2(g)  (  2NaCl(s)



iv)

CaO(s)  +  2NH4Cl(s)  (   CaCl2(s)  +  NH3(g)  +  H2O(l) 


        [4]

2. This question is about the thermal decomposition of calcium carbonate.


CaCO3(s)  ( CaO(s)  +  CO2(g)        @ 298 KHreaction = +180 kJ mol-1


a.   Use your data book to calculate Ssystem for the reaction.



        [2]

b.   Comment on the value of Ssystem.






        [1]

c.   Calculate Ssurroundings at 298 K.






        [2]

d.   Calculate Stotal at 298K.







        [2]

e.   Is the reaction is spontaneous at 298 K?  Explain your answer.


        [2]

f.   Calculate Ssurroundings at 1200 K.






        [1]

g.   Is the reaction is spontaneous at 1200 K?  Explain your answer.


        [2]

3.
For the reaction: CaO(s)  +  2NH4Cl(s)  (   CaCl2(s)  +  2NH3(g)  +  H2O(l)

a)
Calculate the enthalpy change for the reaction, using Hf values from your data book.



Remember      Hreaction = Sum of Hf (products) - Sum of Hf (reactants) 
        [2]


b)
Use your answer to part 3a) to calculate Ssurroundings at 293K.
        [2]


c)
Calculate Ssystem using standard entropy values from your data book.
        [2]


d)
Calculate Stotal and comment on the spontaneity of the reaction at 293K.
        [3]

4.
Using the method in Qu 3, calculate Stotal at 298K for the following reactions;


a)

CaO(s)  +  H2O(l)  (   Ca(OH)2(s)  

b)

Cu(s)  +  2H2O(l)  (   Cu(OH)2(s)  

c)

C2H4(g) + H2(g)   (  C2H6(g)


d)

Na(s)  +  Cl2(g)  (  2NaCl(s)






        [16]
5.
Comment on the spontaneity of each of the reactions in Qu 4 at 298K.

       
        [4]

6.
When 1 mole of rubidium chloride is dissolved in water at 298K to form a solution of concentration 


1 mol dm-3, the enthalpy change is + 19 kJ mol-1;





RbCl(s)  +  (aq)  (   Rb+(aq)  +    Cl-(aq) 

H = +19 kJ mol-1



a)
Calculate Ssurroundings at 298K.


b)
Calculate Ssystem using the data below.

	Substance
	Standard Entropy (S)

/ J mol-1 K-1

	RbCl (s)
	95.9

	Rb+(aq)  
	121.5

	Cl-(aq)
	56.5


c)
Use your answers to explain why RbCl (s) dissolves readily in water in spite of this being an endothermic process.







        
       [5]
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