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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. 
Atomic Structure – Revisited
Edexcel Chemistry for AS - pg 45-48.





Total  / 50
1) Complete the following table;








[6]

	Element
	Atomic
Number
	Mass
Number
	Number
of protons
	Number
of electrons
	Number
of neutrons
	Electron
Configuration

	P
	7
	14
	
	
	
	

	Q
	
	23
	11
	
	
	

	R
	
	40
	
	
	
	2,8,8,2


2) The following table gives information about the electronic configuration of various elements. Use this information to complete the final two columns in the table below.




[3]
	Element
	Electron Configuration
	Atomic Number
	Group number
in the periodic table

	              A
	2:1
	
	

	              B
	2:3
	
	

	              C
	2:8:1
	
	

	              D
	2:8:4
	
	

	              E
	2:8:6
	
	

	              F
	2:8:8:2
	
	


3)
Complete the information in the following table;






[6]

	Total Number
of electrons
	Number of outer
electrons
	Atomic Number
	Electron Configuration
	Group number
in the periodic table

	
	
	
	             2:8:3
	

	         9
	
	           9
	
	

	        19
	
	
	
	


4) The element neon occurs naturally as a mixture of isotopes, Ne-20 and Ne-22. 


(Atomic Number Ne = 10)
a) How many of each of the fundamental particles are present in the nucleus of Ne-22?

[2]

b) What is the electron configuration of Ne-20?





[1]

c) Why is neon a very unreactive element?






[1]

d) Explain the meaning of the word isotope.






[2]

e) What is the difference between the two isotopes of Neon?




[2]

f) Calculate the relative atomic mass of naturally occurring neon given than neon is a mixture


of 90% Ne-20 and 10% Ne-22.







[3]

5)
Use the information below to answer questions a-e;

	Element
	Mass Number
	Atomic Number
	Electron Arrangement

	        A
	12
	6
	2:4

	        B
	14
	6
	2:4

	        C
	19
	9
	2:7

	        D
	23
	11
	2:8:1

	        E
	40
	18
	2:8:8


a) Which of the elements are Isotopes?






[2]

b) Which atom has 8 neutrons in it's nucleus?






[1]
c) Which element is unreactive?







[1]
d) Which two atoms have a valency (combining power) of 1?




[2]
e) Which two elements form ions with the same electronic configuration as neon? 

[2]
6)
The atomic numbers and mass numbers of some elements are as follows;

	Element
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Mass number
	19
	22
	23
	32
	35
	39
	39
	40
	40

	Atomic number
	 9
	10
	11
	16
	17
	18
	19
	19
	20


a) How many protons are there in the nucleus of T?





[1]

b) How many electrons are there in an atom of U?





[1]

c) How many neutrons are there in the nucleus of V?





[1]

d) Write down the electron configuration of W.





[1]

e) Which of the atoms are isotopes of the same element?




[2]

f) Which of the atoms would you expect to form an ion with charge of +2?


[2]

7)
Complete the following table;







[8]

	Particle
	Atomic Number
	Mass Number
	Number of
Protons Electrons Neutrons

	Aluminium atom (Al)
	           13
	          27
	

	Oxide Ion (O2-)
	             8
	
	                                8

	Ca2+ ion
	
	
	    20                           20

	Lithium atom (Li)
	
	            7
	                      3


IE & Electronic Structure of Atoms
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When atoms react, one or more electrons are shared or transferred to another atom.  Removing an electron from an atom requires energy.  This energy is called the ionisation energy.  Ionisation energy values are the amount of energy (in kJ) needed to remove one mole of electrons from each mole of atoms, i.e. for an element, Q, the first ionisation energy is the enthalpy change for the reaction:

Q(g) ( Q+(g) + e-(g)
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Figure 1 shows how the ionisation energies are linked with electron energy levels (shells).  Electrons in potassium's lower energy levels have higher ionisation energies than those in higher energy levels.

The points on the graph show how a shell is filled with electrons.  Energy sub-levels exist within the energy levels.  These energy sub-levels are called s, p and d sub-levels.  The s, p and d orbitals refer to the shapes of the orbitals within an energy level where the electrons are most likely to be found.

The first ionisation energy increases across a group because the increasing nuclear charge makes it more difficult to remove an electron (fig. 2).

	Element
Element
	No. of electrons
	Energy level I sub-level
	Written as

	H
	
	1
	1 electron in 1s
	1s

	He
	
	2
	2 electrons in 1s
	1s2

	Li
	
	3
	2 electrons in 1s, 1 electron in 2s
	1s2, 2s1

	Be
	
	4
	2 electrons in 1s, 2 electrons in 2s
	1s2, 2s2

	B
	
	5
	5th electron occupies 2p sub-level
	1s2, 2s22p1


Note - The 4s sub-level fills before the 3d sub-level because it has a lower energy.

Anions and cations formed from atoms mostly have the same electron configuration as the next (anions) or previous (cations) noble gases.  The term for this is isoelectronic. 

Questions

Edexcel Chemistry for AS - pg 51-61.





Total  = 40 marks
1. The table below gives the ionisation energies of lithium, sodium and potassium.

	Ionisation energy kJ mol-1
	1st
	2nd
	3rd
	4th 

	lithium
	526
	7310
	11800
	—

	sodium
	502
	4560
	  6920
	9540

	potassium
	425
	3060
	  4440
	5880


a. Why does the first ionisation energy decrease in the order Li ( Na ( K? 
      (2 marks)

b. Why is the second ionisation energy much greater than the first ionisation energy?     (1 mark)
c. Why is there no value given for the fourth ionisation energy of Li? 
      (1 mark)
2. The table below shows the first eight ionisation energies of four different elements labelled A-C (these are not chemical symbols).  For each element, state the Group of the Periodic Table to which it belongs.  Give a brief explanation of your answer.
	
	Ionisation energy/kJ mol-1

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th

	A
	  418
	3070
	4600
	5860
	  7990
	  9620
	11400
	14900

	B
	  786
	1580
	3230
	4360
	16000
	20000
	23600
	29100

	C
	1680
	3400
	6000
	8400
	11000
	15200
	17900
	92000


(2 marks for each answer, total 6 marks)

3. Sketch a graph for the first seven-ionisation energies of the element sulphur against the number of electrons removed.        (2 marks)
4. Name the elements that have the following electronic structures:

a. 1s2, 2s2, 2p6,3s2, 3p1
b. 1s2, 2s2, 2p6, 3s2, 3p6, 4s2
c. 1s2,2s2, 2p5
d. 1s2, 2s2, 2p6, 3s2, 3p6, 4s2, 3d3   

                                               (4 marks)
5. i.  Give the full electronic configuration for the following elements:

a. bromine

b. arsenic

    ii. Write the electronic configuration for the elements with the following atomic numbers:

a. 12

b. 34 



(4 marks)
6. The magnesium ion, Mg2+, has lost two electrons.  The sulphide ion, S2-, has gained two electrons.

a. What is the full electronic structure for the magnesium ion and the sulphide ion?

b. Which elemental atoms are isoelectronic with the ions above?


(4 marks)
7. a. Write the full electronic structure for Cl- ion.

b. Name an element that forms a cation that is isoelectronic with the Cl- ion. 

(2 marks)
8. Look at the graph in figure 2 of the text.  Explain, in terms of the electronic configuration of the atoms,

i.  The rise in 1st ionisation energy from lithium to beryllium and from carbon to nitrogen.

ii.  The drop in 1st ionisation energy from beryllium to boron and from nitrogen to oxygen.  (4 marks)

9.
Read the activity on ‘Identifying and explaining trends in ionic radii’ on pg 70 of Chemistry for AS and answer questions 1-4.   (10  marks)
More Atomic Structure – AS style


Edexcel Chemistry for AS - pg 45-61.
         
Total / 45

1.

(a) Explain the meaning of the term first  ionisation  energy  of an atom.

[2]


(b) The first, second, third and fourth ionisation energies of the elements X,Y and Z are;

            Ionisation Energies in  kJ.mol-1

          First      Second      Third     Fourth

X         738        1450         7730      10550

Y         800        2427         3658      25024

Z         495        4563         6912        9540

       Using this information, state , giving your reasons,  which element is most likely 

       (i)   to form an ionic monovalent halide;

       (ii)  to be in Group 3;

       (iii) to have +2 as its common oxidation state.


[6]


(c) Sketch a rough log graph to show how the successive ionisation energies of carbon vary with the number of electrons removed, and explain the shape of the graph in terms of the energy levels within the atom.


[6]

2. Deduce the numbers of protons, neutrons and electrons in one atom of:


(a) 23Na; 

(b) 18O2–;
(c) 27Al3+;
(d) 56Fe3+


  
  
[8]
3.
Use the Aufbau (building-up) Principle to determine the electronic configuration in the ground state (i.e. in an unexcited isolated atom) of these elements, explaining your reasoning. (You should show the first configuration diagramatically and all of them in the 1s2, 2s2, 2px ........format).


a) Nitrogen


b) sodium


c) Chromium


d) bromine

[8]

4.
List the three main factors that determine the magnitude of the first ionisation energy and hence explain the variation of first ionisation energy (kJ/mol) for the elements of Group I:  Li 520
  Na 500 
K 420
       Rb 400
Cs 380







[5]

5.
The first four successive ionisation energies (kJ/mol) for an element whose atomic number lies between 11 and 18 are: 578, 1817, 2745 & 11580. Comment on their relative magnitude and hence explain which Group the element is likely to be found in.




[5]

6.
Write balanced symbol equations with state symbols to represent the:


(a)
1st IE of aluminium,


(b)
2nd IE of aluminium, and state what is represented by the equation:

Al (g) ((( Al3+ (g) + 3e- represent?






[5]

Calorimetry calculations

Edexcel Chemistry for AS - pg 29-35.






        Total   /  30
1)

100 cm3 of 0.02 M copper sulphate solution was put in a calorimeter and 0.5 g of magnesium powder added.  The temperature of the solution rose by 2.5(C.  Work out which reagent was in excess and then calculate the enthalpy change for the reaction.  Assume that the density of the solution is 1.00 g cm-3, the specific heat capacity of the solution is 4.18 J g-1 K-1.  Ignore the heat capacity of the metals. 


 [4]

2)

1.50 g of propane (C3H8) were completely burned in air.  The heat evolved raised the temperature of 100 g of water by 65.0(C.  Use this data to calculate the enthalpy of combustion of propane (the specific heat capacity of water is 4.18 J g-1 K-1).
           
[4]

3)

50 cm3 of 0.10 M silver nitrate solution was put in a calorimeter and 0.6 g of zinc powder added.  The temperature of the solution rose by 4.3(C.  Work out which reagent was in excess and then calculate the enthalpy change for the reaction (per mole of zinc). Assume that the density of the solution is 1.00 g cm-3, the specific heat capacity of the solution is 4.18 J g-1 K-1.  Ignore the heat capacity of the metals.

           
[4]

4)

A calorimeter was calibrated by burning 1.0 g of ethanol (CH3CH2OH) whose enthalpy of combustion is -1367 kJ mol-1.  The temperature of the calorimeter rose by 19.6(C.   The same calorimeter was used to measure the enthalpy of combustion of cyclohexanol.  1.0 g of cyclohexanol (C6H11OH) raised the temperature by 24.4(C.  Calculate the heat capacity of the calorimeter and then the enthalpy of combustion of cyclohexanol.













[4]

The following questions do not require you to use E = m x c x T. Look at the units of the heat capacity of the calorimeter to find the energy change in each case.

5)

The combustion of 1 g of octane, C8H18, raised the temperature of a calorimeter and contents by 6.2 K.  The heat capacity of the calorimeter and its contents is 7560 J K-1.  Calculate the enthalpy of combustion of octane.



           
 [4]

6)

The combustion of 2 g of cyclohexane, C6H12, raised the temperature of a calorimeter and contents by 12.5 K.  The heat capacity of the calorimeter and its contents is 



7.238 kJ K-1.  Calculate the enthalpy of combustion of cyclohexane.

          
[4]

Challenge for the week

7)

Dr Lawrence is on a Gold D of E expedition and is, not unusually, desperate for a cup of tea.  However, he is very short of Calor gas.  He estimates that he has 1.12 dm3 of the Calor gas left.  



Calculate the maximum volume of water that he could boil.



Assume that Calor gas is pure butane, C4H10(g) H°c = -3000 kJ mol-1), the specific 



heat capacity of the water is 4.18 J g-1 K-1, that the water is at 16(C and that 75% of 



the heat from the gas is taken in by the water.
[6]

Enthalpy Changes
Edexcel Chemistry for AS - pg 29-37.




      Total  /  34
For these questions use the following relationships;

E = m ( c  (  T      
Convert answer in J into kJ
H = E /  moles
 
Answer in kJ mol-1
1 a)
Define enthalpy of formation.







[3]

   b)
Explain why the enthalpy of formation of any element is zero.


[2]

2.
Carbon monoxide reacts with oxygen according to the following equation;


2CO  +  O2  (   2CO2

HfO = -566.0 kJ mol-1
   a)
Give the enthalpy change for      CO  +  0.5O2  (   CO2 



[1]

   b)
How much energy would be produced if 22 g of CO is burnt fully in oxygen? 
[2]

   c)
How much energy would be produced if 22 dm3 of CO is burnt fully in oxygen?
[2]

3.
A kettle contains 2 kg of water at 20oC.

   a)
Given that the enthalpy of combustion of methane, HcO (CH4) = -890 kJ mol-1
calculate the minimum mass of methane, CH4, which must be burned to raise the water to a temperature of 100oC? (Specific heat capacity of water = 4.18Jg-1K-1)
[3]

   b)
Why is more gas than this required in fact?





[2]

4 a)
0.55 g of propanone, C3H6O, was burned in a calorimeter containing 80 g of water. The temperature rose by 47.3ºC.  Calculate Hc for propanone given the specific heat capacity of water is 4.18 J mol-1 K-1.






[3]

   b)
Draw a labelled enthalpy profile diagram for the combustion of propanone.
[2]

5.
25 cm3 of 2.0 mol dm-3 nitric acid was reacted with 25 cm3 of 2.0 mol dm-3 potassium hydroxide is an insulated cup.  The temperature rose from 20.2ºC to 33.9ºC.  Calculate H for the reaction given the specific heat capacity of water is 4.18 J mol-1 K-1.





HNO3 + KOH (  KNO3  +  H2O



[3]

6. Ethanol (C2H5OH) was burned to heat a copper can containing 200 cm3 of water (specific

heat capacity 4.2 J/g/(C).  The mass of the ethanol burner before burning was 42.73g and after was 41.92g.  The temperature of the water rose from 21oC to 43oC.
a) i) Calculate the amount of energy which is released when from the ethanol burnt.

ii) Calculate the enthalpy of combustion of ethanol.




[5]
b) Suggest two reasons why the value you calculated in a ii) different from the textbook 

value of -1371 kJ/mol?








[2]
7.
Burning a butane (C4H10) lighter under a can of water raised the temperature of 100 cm3 of water from 18(C to 38(C. The lighter was weighed before and after and the mass loss was 0.29g. 

Calculate the enthalpy of combustion of butane.





[4]
Enthalpy Cycles 1

Edexcel Chemistry for AS - pg 36-41.




        Total  / 34
Hess’s Law Calculations  (most questions fit one of the following types)

a)
Finding H for a reaction when Hf of all reactants and products is known


                   H  =  [Sum of Hf products] – [Sum Hf reactants]


Remember that Hf of all elements is zero.  Also, watch for the very frequent mistake of doing reactants – products, rather than products – reactants.

	b)
Questions involving Hc 

The reaction involved across the top is often a Hf.  You must be very careful to ensure your arrows go the right way.  Remember that the sum of the clockwise arrows equals the sum of the anticlockwise arrows.
	
[image: image1.emf] 

reactants  

products  

oxides  

 H  

 H c  

 H c  



	c)
Questions involving bond enthalpies

This cycle works for any question that involves bond enthalpies, whether to find a bond enthalpy or H for a reaction.  Remember that substances must be in the gas state before bonds are broken, and so H to go to the gas state is needed for solids and liquids.
	
[image: image2.emf] 

reactants  

products  

gas atoms  

 H  

(  H → gas) +  bond enthalpies 

(  H → gas) +  bond enthalpies 




1)
Find Hf of butane given that the following data.



Hc:   C4H10(g) = –2877,  C(s) = –394,  H2(g) = –286 kJ mol-1


[3]
2)
Find H for  C3H8(g)  +  5 O2(g)  →  3 CO2(g)  +  4 H2O(l)   using the data below.


Hf:   C3H8(g) = –104,   CO2(g) = –394,  H2O(l) = –286 kJ mol-1


[3]
3)
Find Hc of propan-2-ol given that the following data.



Hf:   CH3CH(OH)CH3(l) = –318,   Hc:   C(s) = –394,  H2(g) = –286 kJ mol-1
[3]
4) 
Draw a suitable Hess cycle and calculate the enthalpy change for the following processes:

    a) 4CuO(s) + CH4(g)  
[image: image3.wmf] 

 

 

 

 

 

 4Cu(s)  +  CO2(g)  +  2H2O(g)



[4]
Hf (CuO) =  -155   , Hf (CH4) =  -75  ,  Hf (H2O) =  -242 , Hf (CO2) = -394 kJ mol-1
    b)  2SO2(g) +  O2(g)  
[image: image4.wmf] 

 

 

 

 

 

  2SO3(g) 







Hf (SO2) =  -279   , Hf (SO3) =  -395 kJ mol-1




[4]
    c)  3Na2O(s)  +  2Al(s)  
[image: image5.wmf] 

 

 

 

 

 

  6Na(s)  +  Al2O3(s)
Hf (Na2O) =  -416   ,  Hf (Al2O3) =  -1670 kJ mol-1



[4]

     d)  CuO(s)  +  2HCl(g)  
[image: image6.wmf] 

 

 

 

 

 

  CuCl2(s)  +  H2O(l) 




[4]
Hf (CuO) =  -155   , Hf (HCl) =  -92  ,  Hf (H2O) =  -242 , Hf (CuCl2) = -206 kJ mol-1
 5)
Use your answers to Qu 4) to find the enthalpy changes when:


(a) 4.00g of copper(II) oxide are reduced by methane



[3]


(b) 100 dm3 of sulphur dioxide react to make sulphur trioxide


[3]


      (1 mole of gas occupies 24 dm3)


(c)  1.00 tonne of aluminium is used to reduce sodium oxide. 


[3]

Enthalpy Cycles 2

Edexcel Chemistry for AS - pg 36-43.




Total  /  35

1. (a) 
Define enthalpy of combustion, with reference to the compound butane, C4H10. You should include a chemical equation, and explain carefully about standard conditions.










[3]


(b) 
It  is relatively easy to measure the enthalpy of combustion of butane.  Draw a suitable cycle, and use necessary enthalpy values below, to calculate the enthalpy of formation of butane from its enthalpy of combustion. 


You should make clear how you have used the cycle to reach your value.

Hc (C4H10) =  -2877 kJ mol-1  , Hf (H2O) =  -242 kJ mol-1 , Hf (CO2) = -394 kJ mol-1










[3]

2.
Calculate the bond enthalpy of the C-N bond in CH3NH2(g) given the following data.



C(s)  →  C(g)   = +715 kJ mol-1


Bond enthalpy:  (C-H) = +412, (N-H) = +388, (H-H) = +436, (N≡N) = 944 kJ mol-1


Hf CH3NH2(g)  =  –23 kJ mol-1                                                                               [5]
3.
Find H for the hydrogenation of propene using the data below.

CH3CH=CH2(g)  +  H2(g)  →  CH3CH2CH3(g)



Hc:   CH3CH=CH2(g) = –2059,  H2(g) = –286,  CH3CH2CH3(g) = –2220 kJ mol-1












[4]
4. 
Construct a cycle, and use it to find the enthalpy change of the reaction:


C2H4(g)  +  H2(g)  
[image: image7.wmf] 

 

 

 

 

 

  C2H6(g)








Hc (C2H4) =  -1409   , Hc (C2H6) =  -1560  ,  Hc (H2) =  -242 kJ mol-1
 [4]

More Hess’s Law

Edexcel Chemistry for AS - pg 29-41.
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1.  What is the enthalpy change when 1kg of coke (assume graphite) is completely burnt in air?

Hc(C) = -394 kJ mol-1





[3]

2.  i)
Calculate the standard enthalpy change for the reaction from enthalpies of formation.

C2H2 (g)
  +
H2 (g)     (((  C2H4 (g)

Hf (C2H4) =  +52   , Hf (C2H2) =  +227 kJ mol-1



[3]

     ii)
Why might it be difficult to determine this value directly?



[2]

3.      (a) Calculate the enthalpy of combustion of propan-1-ol from the following results:

1.20g of propan-1-ol was burnt in a spirit lamp to heat 500cm3 of water in a lagged can of low heat capacity by 18K. (Specific heat capacity of water = 4.2Jg-1K-1.)

[4]

(b) Explain whether this experimental method is likely to produce a result higher or lower than the accepted result.  







[2]

4. 
Use enthalpies of combustion to calculate the enthalpies of formation of the following;

a) propane (C3H8) ,   











Hc (C3H8) =  -2220  ,  Hc (H2) =  -242 , Hc (C) = -394 kJ mol-1

[3]

b) naphthalene (C10H8) ,  


Hc (C10H8) =  -5157  ,  Hc (H2) =  -242 , Hc (C) = -394 kJ mol-1

[3]

c) propanone (C3H6O) 











Hc (C3H6O) =  -1786  ,  Hc (H2) =  -242 , Hc (C) = -394 kJ mol-1

[3]

5.  
Calculate H for the following reactions, using enthalpy of formation data.

a)  ZnCO3 (s)  (((  ZnO (s)     +       CO2 (g)




[3]

Hf (ZnCO3) =  -812  ,  Hf (ZnO) =  -348 , Hf (CO2) = -394 kJ mol-1
b)  SO3(g)     +      H2O (l)  (((  H2SO4 (aq)




[3]

Hf (SO3) =  -395  ,  Hf (H2O) =  -242 , Hf (H2SO4) = -811 kJ mol-1

Naming and Drawing Organic Molecules
Edexcel Chemistry for AS - pg 83-91.





Total    / 40
1)

Name each of the following organic compounds:


a)
CH3CH2CH2CH3
b)
CH3CH2CH2C(CH3)3


c)
CH2=CHCH2CH2CH3
d)
CH3CHClCH(CH3)2


e)
(CH3)2C(OH)CH2CH3
f)
CH3CHBrCHBrCH3



g)  CH2BrCH(CH3)CHClCH2CH3
h)   CH3CH(OH)CH(CH3)2
[8]
2)

Draw the structural formula and skeletal formula following organic compounds.


a)
2,2-dimethylbutane
b)
4-ethylhex-2-ene


c)
2-bromo-2-iodobutane
d)
1,2-dichloropent-1-ene


e)
2,2,3-trimethylbutane


[10]

3)

In each of the following questions, state which compounds, if any, are the same.
[8]


	   a)
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	   b)
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	  d)
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4.
Name and draw the skeletal formulae of four isomers of C4H9Br.
[8]

5.
A hydrocarbon X is found to contain 85.7% carbon by mass and to have an RFM of 70. Compound X decolourises bromine water.

   a)   Calculate the molecular formula of X.







[2]

   b)   Draw the structural formulae of three possible isomers of X.




[3]

   c)    Suggest the skeletal formula of Y, an isomer of X which does not decolourise bromine water.













[1]

Organic A – Alkanes
Edexcel Chemistry for AS - pg 96-103.





 Total    / 47
1
A hydrocarbon R, contains 82.76% carbon and 17.24% hydrogen, and its RFM is 58.
   a)  i)  calculate its empirical formula 



[2]


  ii) calculate its molecular formula. 



[2]

   b)     Name and draw the structural formulae of two isomers of R.

  [4]

2.

0.10 g of a hydrocarbon B on complete combustion gave 0.309 g of CO2 and 0.142 g of H2O.

  a)
i)  
Calculate the mass of carbon present in the carbon dioxide formed. (Use the % C in CO2). [2]


ii) 
Calculate the mass of hydrogen present in the water formed. (Use the % H in H2O). 
[2]


iii)  Since all this C and H was originally present in the hydrocarbon B, calculate the

       molar ratio of C to H in hydrocarbon B.






[1]


iv)  Hence determine the empirical formula of B.





[1]


 v)   Given that the relative molecular mass of B is 114, determine its molecular formula. 

[2]

   b)     Name and draw the skeletal formulae of two isomers of B.

[4]
3)   One of the most important uses of the alkanes is as a fuel in cars.

     Petrol is an important fraction obtained from crude oil.

  a)
How is petrol obtained from crude oil.






[2]

  b)
Petrol is mainly a mixture of heptane and 2,2,4-trimethylpentane.


    Heptane can be obtained from the cracking of decane.

       i)
Write a balanced equation for the cracking of decane to form heptane.


[2]

      ii)
State two conditions needed for cracking to occur.





[2]

iii) Draw the structural and skeletal formulae of 2,2,4-trimethylpentane.


[2]
iv) What is the molecular formula of 2,2,4-trimethylpentane? 




[1]
v) What is the empirical formula of 2,2,4-trimethylpentane? 




[1]
vi) Give the equation for the reaction that occurs in a petrol engine when 2,2,4-trimethylpentane

      is used as a fuel (assume complete combustion). 





[2]

4)      Equimolar amounts of 2-methylbutane and chlorine were reacted together in the presence of 

         UV light to produce a mixture of mono-chloro derivatives.

  (a)
Draw the structural formula of 2-methylbutane.
    [1]

  (b)
Write out the balanced equation for this reaction, using C5H12 as the formula
    [1]

  (c)  Explain why UV light is necessary for the reaction to occur.
    [2]

  (d)   Write the complete mechanism for the reaction showing two propagation steps.
    [4]

  (e)
Explain what is meant by the terms initiation, propagation and termination in the 

         mechanism in part c)
    [3]

  (f)
Write a balanced equation for the complete combustion of 2-methylbutane.
    [2]

  (g)
Write a balanced equation for the incomplete combustion of 2-methylbutane.
    [2]

Organic B - Alkenes

Edexcel Chemistry for AS - pg 104-112.





Total  / 44
1.
4.2g of propene gave 18.2g of product when reacted with liquid bromine.

    (a)
What is the observation for this reaction?





[2]

    (b)
Write a balanced equation for this reaction using displayed formulae

[2]

    (c)
Calculate the expected theoretical mass of product assuming 100% reaction.
[2]

    (d)
Calculate the % yield for the reaction.





[1]

2  a)
Draw the structural and skeletal formulae of cis and trans pent-2-ene.

[4]

    b)
Explain why pent-2-ene has cis / trans isomers.




[4]

3. Name the following alkenes.







[6]
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4.
Write balanced equations using structural formulae for the following reactions;

      a)
Ethene and hydrogen chloride,

b) Trans But-2-ene and iodine,

c) But-1-ene and gaseous bromine water.
(there are two products here, so give equations for formation of both).

      d)
2-Methyl-propene and acidified potassium permanganate.



[10]

5.   a)
Name the type of reaction occurring for each reaction in Qu 4?


[4]

      b)
Explain why there are two products in 4 c).





[2]

      c)
Name the major product from reaction 4 c).





[1]

6.
Draw the reaction mechanism for 4 a).





[4]

7.
Explain why alkenes are referred to as nucleophiles.




[2]

Organic C – Alkenes and Polymers
Edexcel Chemistry for AS - pg 104-115.





Total   / 44
1.  a)
Bromine reacts with both ethane and ethene.

i)
Write the equation for the reaction between Ethane + bromine


[2]

ii)
Write the equation for the reaction between Ethane + bromine


[2]

iii)
Classify the two reactions in terms of the type of reaction occurring.

[2]

 b)
Chloroethene (vinyl chloride), H2C=CHCl, can be polymerised in a similar type of 
      reaction to the polymerisation of ethene.

  i)
Draw the full structural formula of the polymer poly(chloroethene), sufficient

          to make the structure of the polymer clear.




[2]

 ii)
State one use of poly(chloroethene).





[1]

iii) State and explain one environmental problem arising from the disposal of 

   poly(chloroethene).







[2]

2.
But-1-ene undergoes the following reactions:

[image: image25.png]Reaction 1 Reaction 2
CH,CH.CH,CH; =~———— CH;CH,CH=CH, — > Compound &

but-1-ene (major product)

Reaction 3

H(OH)C]




    a)
State the reagent and conditions needed for Reaction 1.



[3]
    b) i) The reagent in Reaction 2 is gaseous hydrogen bromide.

            Draw the full structural formula of compound A.




[1]
       ii)  What type of reagent is hydrogen bromide in this reaction?



[1]
    c)      Identify the reagent needed for Reaction 3.





[1]
    d)      But-1-ene can be used to make an addition polymer.

    Draw the repeating unit of the polymer.





[2]
3. 
Draw the structural formula of the monomer used to make the polymer below.
[2]

[image: image26.emf]*


*




* *

n

4.
Draw the skeletal formula of the trans version of the polymer shown in Qu 3. 
[2]
You are an expert on polymers.

5. (a) Draw the structure that results when three propene monomers are added together.
[3]

    (b) Now make clear on the same diagram what the repeat unit is.



[1]
    (c) Suggest and explanation as the why polypropene can be used for ropes whereas 

         polyethene can not.








[2]

6.
Read the activity on ‘a more sustainable future for polymers’ on pg 114-115 of Chemistry 

for AS and answer questions 1-5.   


[15]
Organic D – Halogenoalkanes 1

Edexcel Chemistry for AS - pg 203-210.





Total   /  44
1.
Name the following molecules:
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[4]

2.
Classify the halogenoalkanes in Qu 1) as either primary, secondary or tertiary.
[4]

3.
Write the structural and skeletal formulae for the following molecules:

    (a)
E-3,4-dichlorohex-3-ene

(b)
2-iodo-2-methylbutane

    (c)
poly(chloroethene)


(d)
1,4-dibromocyclohexane

[8]

4. a)
W is a halogenoalkane which contains 12.77% C, 2.13% H and 85.1% Br by mass.

i)  What is its empirical formula?





[2]

ii) 
The relative molecular mass of W is 188. Deduce its molecular formula.
[2]
Compound W reacts with aqueous potassium hydroxide to form compound X. Compound X is also formed by the reaction of ethene with aqueous alkaline potassium manganate(VII). 
    iii)
Draw the structural and skeletal formulae of X.



[2]
                iv)    Hence draw the structural and skeletal formulae of W.


[2]
   b)
Primary halogenoalkanes (RCH2X) react with aqueous hydroxide ions:

RCH2X + OH– → RCH2OH + X–


The rate of reaction depends on the halogen and is in the order

RCH2I > RCH2Br > RCH2Cl


Explain, in terms of bond enthalpies why this difference in rate is observed.
[3]






[3]
5.
Write balanced equations using structural formulae for the following; 

    a)
The nucleophilic substitution of 2-bromopropane by hydroxide ions

[3]

    b)
The elimination of HBr from 2-bromopropane by hydroxide ions


[3]

    c)
The substitution of  2-bromopropane by cyanide ions  -CN.



[3]

6.
For the two reactions in Q5 give the reagent and conditions needed.

[4]

7.
Draw the reaction mechanism for reaction in 5c).




[4]

Organic E – Halogenoalkanes 2

Edexcel Chemistry for AS - pg 203-210.





Total  /  64
1.
3.5g of but-2-ene gave 8.4g of product when reacted with liquid bromine.
a) What would you see during the reaction?





[2]
  b)   Write a balanced equation for this reaction using:    

    
i)
displayed formulae







[2]
           ii)
molecular formulae







[2]
          iii)
skeletal formulae







[2]

  c)
Calculate the % yield for the reaction.





[4]
2.      Draw the structural and skeletal formulae of the following molecules:
   (a)
2-ethyl-2-iodopentane
   (b)
1,4-dichlorocyclohexane
   (c)
1,1,1-trichloropropane
   (d)
2,3,3-tribromooctane








[8]
3.
Classify the halogenoalkanes in Qu 2 as either primary, secondary or tertiary.
[4]

4.
Copy and complete the following reaction equations;
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[8]

5.
Describe experiments that you could carry out to identify the content of four unlabelled bottles containing the following; hexane, Z-hex-2-ene, chloropropane, bromopropane and iodopropane. Describe the observations you expect to make.

[6]

6.
Read the activity on ‘Preparation of 1-bromobutane’ on pg 208-209 of Chemistry for AS


and answer questions 1-12.   







[26]

Organic F – Alcohols 1

Edexcel Chemistry for AS - pg 119-203.





Total  /  40
1.  a)
Name the following alcohols.
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[7]
    b) 
Classify each one as either primary secondary or tertiary.



[7]

2)   Explain why ethanol mixes well with water but hexan-1-ol does not. 


[2]

3)  Here are the boiling points and RFM’s (Mr) of a number of substances:

[image: image30.jpg]Substance Boiling point/°C M,
water, H,0 100 18
ethane, CH3CH; -88.5 30
ethanol, CH;CH,0H 78 46
butan-1-ol, CH3CH,CH,CH,0H 117 74
ethoxyethane, CH,CH,OCH,CH; 35 74





Use ideas about intermolecular forces between molecules to explain why;
   a)  ethanol has a higher boiling point than ethane.

   b)  water has a higher boning point than ethanol.

   c)  butan-1-ol has a higher boiling point than ethoxyethane.



[6]

4.
Copy and complete the following reaction equations;
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[12]
5.
Classify each reaction in Qu 4.






[4]
Organic G – Alcohols 2

Edexcel Chemistry for AS - pg 119-203.





Total  /  39
1 a)
Write a balanced equation to show the oxidation of propan-1-ol to propanal using acidified potassium dichromate solution.

   b)
State the colour change seen during the reaction.

   c)
What further chemical reaction may occur beyond oxidation to the aldehyde?

   d)
Explain two points of procedure that would maximise the yield of the aldehyde.

   e)
3.0 g of propan-1-ol yielded 2.0 g of propanal. Calculate the % yield.

[10]

2.
Gemeprost is an analogue of prostaglandin but with uterine stimulant properties:
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Draw the product when gemeprost is reacted with:


(a)
Acidified K2Cr2O7 under mild conditions (product distilled immediately).


(b)
Excess acidified K2Cr2O7 and heated under reflux.


(c)
excess bromine water.







[6]

3.
Design and describe a series of experiments that you could carry out to identify the content of unlabelled bottles known to contain the following;

Butan-2-ol,  2-methylpropan-2-ol,  butan-1-ol,  pent-1-ene,  3-chloroprop-1-ene, and 3-iodopropan-1-ol. 

Describe the observations you expect to make.




[14]
4.
Three different reactions of propan–2–ol are shown below.
[image: image33.wmf]C

H

 

 

C

H

O

H

C

H

3

3

3

3

3

3

3

2

I

I

I

I

I

I

C

H

 

 

C

H

B

r

C

H

C

H

 

 

C

O

C

H

C

H

 

 

C

H

 

 

 

 

 

C

H


   a)   For each of the reactions I, II and III, give suitable reagents and conditions.

[6]

b) If 2-methylpropan-2-ol, (CH3)3COH, was used as the starting material in (a)  

instead of propan–2–ol, identify the organic products, if any, of reactions I, II and III. You should indicate if no reaction occurs.




[3]
Mass Spec and IR
Edexcel Chemistry for AS - pg 220-223.





Total  /  40
1.
Write the formulae of the species responsible for each peak in the mass spectra below.  The first one has been done for you to show you what to do.
	butane

C4H10
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	bromomethane

CH3Br
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	chloroethane

CH3CH2Cl
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	butan-1-ol

CH3CH2CH2CH2OH
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[10]

2)
Compound E, which is a branched chain halogenoalkane, was found to have the composition by mass of 39.8% C, 7.3% H, and 52.9% Br.  There were two peaks for the molecular ions in the spectrum at 150 and 152, of approximately equal intensity.  E reacts with sodium hydroxide to form F, whose infra-red spectrum is shown.  F does not undergo dehydration with concentrated sulphuric acid.


F reacts further with acidified potassium dichromate (VI) to form G, whose infra red spectrum is also shown.  Draw the structures and name E, F and G.  Identify the species responsible for the peaks at 150 and 152 in the mass spectrum of E.


[10]
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3)
Propene reacts with HBr to form H.  H reacts with sodium hydroxide to form I, and I reacts with warm acidified potassium dichromate (VI) to form J.  The infra-red spectra of H, I and J are given below, but it does indicate which is which.   


Identify the three compounds H, I and J, using the infra-red spectra below, and decide which spectrum belongs to which compound.





[10]
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4.
Read the activity on ‘Mass Spec in space research and sport’ on pg 50-51 of Chemistry for AS and answer questions 1-6.   







[10]

Equilibrium and Le Chat
Edexcel Chemistry for AS - pg 190-197





Total    /  35
1.
Explain what is meant be the term dynamic equilibrium.



[2]

2.
The hydrogen used in the Haber process is made in the reaction shown below.

          CH4(g)  +  H2O(g)  
 EMBED Word.Picture.8  

  CO(g)  +  3 H2(g)       H° = +206 kJ/mol


a)
If the temperature of this equilibrium was increased, what would happen to the yield of hydrogen? Explain your reasoning.


b)
If the pressure of this equilibrium was increased, what would happen to the yield of hydrogen? Explain your reasoning.


c)
If more steam was added to this system, what would happen to the yield of hydrogen?

 
                     Explain your reasoning.








[6]

3.
Explain what happens to the position of eqm in the following examples of gaseous reactions:


(a)
I2 + H2  
 EMBED Word.Picture.8  

  2HI

- decreasing the pressure


(b)
N2 + 3H2  
 EMBED Word.Picture.8  

  2NH3

- removing some ammonia


(c)
2SO2 + O2 
 EMBED Word.Picture.8  

  2SO3

- increasing the pressure


[6]

4.

In aqueous solution, the orange dichromate (VI) ion, Cr2O72-, is in equilibrium with the yellow chromate (VI) ion, CrO42-, as shown below.
Cr2O72-(aq)  +  H2O(l)   
 EMBED Word.Picture.8  

   2 CrO42-(aq)  +  2 H+(aq)


a)
Why does an orange solution of potassium dichromate go yellow when NaOH is added?


b)
What would happen and why if acid was then added?
[4]

5.
Bromine forms an equilibrium with water:  

         bromine + water  
 EMBED Word.Picture.8  

  hydrobromic acid + bromic (I) acid

(a)  Write a balanced equation for this reaction.





[2]

(b)  Bromine water is orange in colour. Where does the position of equilibrium lie?
[1]

(c)  How could you displace the position of eqm and what colour change would you expect?   [1]

6.
More sulphuric acid is manufactured in the world than any other chemical (about 110 million tonnes per year).  It is produced by the Contact process from S, which is burnt in air to produce SO2, which is oxidised further to SO3, from which the sulphuric acid is produced.  The production of the SO3 from SO2 is the bottleneck in the process, the reaction being reversible and slow.

2 SO2(g)  +  O2(g)   
 EMBED Word.Picture.8  

   2 SO3(g)

 (a)
Use enthalpies of formation to deduce the enthalpy change for the equilibrium.

Hf (SO3) =  -395 kJ mol-1 Hf (SO2) =  -279 kJ mol-1 



[3]
 (b)
The conditions used for this reaction are 450(C, a V2O5 catalyst, and 1-2 atm pressure.  Explain why these conditions are chosen using your knowledge of equilibria.
 [3]
Challenge for the week
7.
a)
An eqm is shown for the common acid-base indicator methyl orange.  Use this to explain how methyl orange (and other indicators) work.   In your answer, state which colour is seen with methyl orange in both acidic and alkaline solution.
[4]
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b)
There are some substances that change colour with temperature.  

               E.g. Food bowls for babies which change colour if the food is too hot for the baby to 


safely eat.  Try to explain how these work.                       
[3]
Equilibrium Constants Kc
CD –Rom end of topic notes.
Total  / 44
1)

The gases N2O4 (which is colourless) and NO2 (which is brown) are in dynamic equilibrium in a sealed tube.         N2O4(g)   
 EMBED Word.Picture.8  

   2 NO2(g)    H = +54 kJ mol-1

a)
Is this a homogenous or a heterogeneous equilibrium (explain your answer)?
(2)

b)
i)
The diagram below the change in the colour of the gases inside the vessel if it is put into iced water or into hot water.   Explain why if the sealed tube is put into iced water the colour of the gases goes from pale brown to almost colourless, and when put in hot water it goes dark brown.



ii)
What would happen to Kc when the gases are put into the iced water, and what would happen when they are put in hot water.  Explain your answer.



                                  
[image: image45.wmf]iced water

 hot water

 room temperature


(7)


c)
Explain would happen to the colour of the system if the pressure at eqm was raised?
 (4)

2)  The eqm  N2O4 
 EMBED Word.Picture.8  

 2NO2  can be established in trichloromethane solution at temperatures near 0 °C, and the composition of the eqm mixture can be calculated from the density of colour of the solution as N2O4 is colourless and NO2 is brown. In a solution of this kind, at 10 °C, the concentration of NO2 molecules was found to be 0.0014 mol dm-3 and the concentration of N2O4 molecules, 0.19 mol dm-3.Calculate the value of Kc for the reaction at 10 °C.

 [4]

3)  The following equilibrium concentrations were observed for the Haber process at 127oC;

[NH3] = 3.1 x 10-2 mol dm-3
[N2 ] = 8.5 x 10-1 mol dm-3
[H2] = 3.1 x 10-3 mol dm-3
a) Calculate the Kc at 127oC for this reaction

N2(g) + 3 H2(g) 
 EMBED Word.Picture.8  

 2 NH3(g)
b) Calculate Kc at 127oC for:



2 NH3(g) 
 EMBED Word.Picture.8  

 N2(g) + 3 H2(g)

c) Calculate Kc at 127oC for:



½ N2(g) + 1½H2(g) 
 EMBED Word.Picture.8  

 NH3(g)
[6]
4 a) Find the value of Kc for the Haber process at 500o C given the following equilibrium concentrations;  [NH3] = 1.0 x 10-3 moldm-3 [N2 ] = 1.0 x 10-5 moldm-3 [H2] = 2.0 x 10-3 moldm-3
    b) Given that the forward reaction in the Haber process is exothermic, predict and explain the effect of an increase in temperature on:

          (i) the value of Kc; 
 (ii) the rate of the forward reaction.



[9]

5)  At a certain temperature 2 dm3 flask initially contained  0.298 mol PCl3(g) and 8.70 x 10-3 mol PCl5(g). After the system had reached equilibrium, 2.00 x 10-3 mol Cl2(g) was found in the flask. Gaseous PCl5 decomposes accordingly:     PCl5(g) 
 EMBED Word.Picture.8  

 PCl3(g) + Cl2(g)
Determine the Kc value.








[5]

6)  The equilibrium  2HI(g) 
 EMBED Word.Picture.8  

 H2(g) + I2(g)  can be investigated by sealing hydrogen iodide in glass tubes and heating them at known temperatures until equilibrium is reached.

Kc = 0.019 (no units) for the reaction at 698 K.

   a) Why must the tubes be rapidly cooled before the equilibrium mixture can be investigated?

   b)  Write an expression for the equilibrium constant, Kc.

   c)  A sample tube is found to contain iodine at a concentration of   4.8 x 10-4 mol dm-3. 

        Using the equation, deduce the equilibrium concentration of hydrogen, [H2(g)] eq.
   d)  Calculate the equilibrium concentration of hydrogen iodide.



[7]

Kc and Kp nuts
CD –Rom end of topic notes.







Total   / 40

1. 
Look at the homogeneous dynamic equilibrium below:



CH4 (g) + H2O (g)
 EMBED Word.Picture.8  

 CO (g) + 3H2 (g)
(H= +210 kJ/mol


a) Where is this reaction industrially important?





[1]


b) State what is meant by each of the words in italics above. 



[2]


c) Derive an expression for Kc and give its units.




[2]


d) State and explain the effect on the equilibrium concentration of hydrogen when the

     methane concentration is increased






[2]


e) When 1mol of each reactant is used initially, the EQM mixture contains 0.15mol of 

CO in a total volume of 12dm3. Calculate Kc.




[3]

2.
Ethylethanoate, C4H8O2, (100g) and water (3.5g) were refluxed together. 


At equilibrium the mixture contained 0.125mol of ethanoic acid. 

Calculate Kc for the equilibrium; C4H8O2  + H2O 
 EMBED Word.Picture.8  

 CH3CO2H  + C2H5OH

[4]

3.
2mol of PCl5 (g) are heated to 500K in a vessel of volume 20dm3 and allowed to come to equilibrium. The equilibrated mixture contains 1.2mol of Cl2. 

Calculate Kc for the equilibrium PCl5(g) 
 EMBED Word.Picture.8  

 PCl3(g) + Cl2(g)



[4]

4. 
The equilibrium reaction of the decomposition of hydrogen iodide is carried out in a sealed tube at 698K. The resulting mixture contains hydrogen iodide at 3.48×10-3 mol dm-3 and iodine at 4.8×10-4 mol dm-3. 

Calculate Kc for the equilibrium 2HI(g) 
 EMBED Word.Picture.8  

 H2(g) + I2(g)



[4]

5.
In the equilibrium system:  N2O4 (g) 
 EMBED Word.Picture.8  

  2NO2 (g)  the partial pressures are: 


p(N2O4) = 0.33atm, p(NO2) = 0.67atm
Calculate Kp for this system.


[3]

6. 
An equilibrium mixture contained 0.20mol of I atoms and 0.60mol of I2 molecules. The total pressure was 3.0atm. Calculate the value of Kp at this temperature. 

The equation is: I2 (g) 
 EMBED Word.Picture.8  

  2I (g) 







[3]

7.
In the following reaction:
2NO2 (g) 
 EMBED Word.Picture.8  

  2NO (g) + O2 (g)   at a temperature of 700K, the amount of each gas present at EQM is: 0.96mol of NO2, 0.04mol of NO and 0.02mol of O2. 

Calculate Kp if the total pressure was 0.2 bar.





[4]

8. 
This question concerns the following reversible process:



2SO2 (g) + O2 (g) 
 EMBED Word.Picture.8  

  2SO3 (g)

(H = ‑98 kJ mol-1
a) Where is this reaction industrially important?





[1]

b)  State Le Chatelier’s Principle







[1]

c) State and explain the effect on the position of equilibrium of:





i) increasing the pressure at constant temperature


[2]





ii) increasing the temperature at constant pressure


[2]

d) 
Bearing in mind part c, how do you account for the industrial conditions of:


 i) 800K

ii) 1-2 atm

iii) V2O5 catalyst ? 



[2]

Green Chemistry
Edexcel Chemistry for AS - pg 225-243 and CD-Rom case study files.

  Total / 22
1.
Read the activity on ‘A fire extinguishing foam’ on pg 228-229 of Chemistry for AS


and answer questions 1-4.   







[8]

2. Read the activity on ‘Greening the manufacture of ethanoic acid’ on pg 230-231 of Chemistry


for AS and answer questions 1-7.   






[14]

Case study 1 – Greenhouse gases and global climate change
Prepare a hand out and power point slides on the following;

· Carbon neutrality and carbon footprints.

· Petrol alternatives – efficiency and carbon neutrality.
· The relative effects of different greenhouse gases as absorbers of IR and hence on global warming and global climate change.

· The difference between anthropogenic and natural climate change over hundreds of thousands of years.

Case study 2 – CFC’s and the ozone layer
Prepare a hand out and power point slides on the following;

· The development and uses of CFC’s.
· The role of ozone in the stratosphere.

· Mechanism for Ozone depletion by CFC’s.

· The development of alternatives to CFC’s.

· The catalytic action of nitrogen oxides on the depletion of ozone.
Case study 3 – Biofuels
Prepare a hand out on the following;

· What are biofuels?

· What are the advantages of using biofuels?

· How is bioethanol made?

· Why if DMF (2,5-Dimethylfuran) being touted as an exciting biofuel?

· What are the disadvantages of biofuels?
G





sealed tube containing                                NO2 and N2O4





Fig 2: 1st ionisation energies of elements 1 to 18





Fig.1: ionisation energies for potassium
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