1 	The diagram below shows a molecule of cyclohexene, with a bond angle indicated.
                                                                [image: ]
  	Which letter correctly describes the bond angle and shape around the bond?

A 120°, trigonal planar

B 107°, pyramidal

C 109.5°, tetrahedral

D 120°, pyramidal


   	
	Your answer                                                                                                                 [1]


          


2   	Exhaust gases from vehicle engines contain potential pollutants.
	Which substance(s) could be present in the exhaust gases from a vehicle engine as a result of the incomplete combustion of a hydrocarbon?

	1:	Carbon monoxide
	2:	Particulates
	3:	Unburnt hydrocarbons

A 1, 2 and 3 only

B Only 1 and 2

C Only 2 and 3

D Only 1



  	Your answer	                                                                                                          [1]










3   	Which of the following gases is/are produced when hydrogen burns in air at high temperature?

	1:	Water vapour

	2:	NOx

	3:	Carbon dioxide


A 1, 2 and 3 only

B Only 1 and 2

C Only 2 and 3

D Only 1


  	
	Your answer                                                    	                       	             	             [1]





4    	The first reaction that occurs when an airbag is set off is:    
          		         2NaN3(s)  →  2Na(l)  +  3N2(g)
         6.5 g of NaN3 completely decomposes.

  	Which of the following statements is correct?

A       2.3 g of products are formed.

B       3.6 dm3 of gas are formed (at RTP).

C       4.6 g of sodium is formed.

D       The volume of nitrogen formed is 1.5 times the volume of sodium formed.




	Your answer                                                                                                                 [1]   







5        (a)	Large quantities of hydrogen chloride are used to make ‘vinyl chloride’, H2C=CHCl, a monomer for PVC.

		Write an equation for the formation of ‘polyvinyl chloride’ from vinyl chloride, using structural formulae.








	                                                                                                                                     [1]


	(b)	Hydrogen iodide reacts with a solution of barium hydroxide.

                              2HI + Ba(OH)2   →  BaI2 + 2H2O          Equation 20.3


		A student places 20.0 cm3 of 2.0 mol dm–3 HI(aq) (an excess) in a polystyrene cup. The temperature is measured every minute. 2.0 g of barium hydroxide powder is added after two minutes. The student obtains the following results.

				
	Time / min
	Temperature / °C 

	0
	23.5

	1
	23.5

	3
	29.0

	4
	35.5

	5
	37.0

	6
	36.5

	7
	35.8

	8
	34.8

	9
	34.7

	10
	33.7




 








						


 
		










(i) Plot a graph of these results to determine an accurate value for the                        temperature rise.
	
[image: ]
                                                                

 temperature rise = ………………………. °C   [4]



		(ii)  	Calculate the enthalpy change of neutralisation, ∆neutH, for the reaction in Equation 20.3.

	 		Assume that the density and specific heat capacity of the solution are the same as those for the water.






                                                             neutH = …………………………… kJ mol–1   [3]

 		

		(iii)   The volume of HI is measured using a burette that can be read to ±0.05 cm3.
                     	Calculate the uncertainty in this measurement.







                                                                     
                                                                     uncertainty = …………………………… %   [1]





6 	‘Isopropyl alcohol’ is used as a cleaning agent for electronic equipment.

                                                    [image: ]


	Isopropyl alcohol can be made from the hydration of propene which requires the use of concentrated phosphoric acid. H = −50 kJ mol−1

	Bond
	Average bond

enthalpy / kJ mol−1

	C=C
	610

	              C–H
	410

	O–H
	458

	               C–O
	360

	C–C
	?



     
	Use your knowledge of hydration and the information provided to calculate the average bond enthalpy of a C–C bond.







   average bond enthalpy of C–C bond = ……………………………… kJ mol−1.   [4]


7  	Alkenes are important in the chemical industry. Simple alkenes occur naturally and form a small percentage of the hydrocarbons in crude oil.

   	(a)	Draw, in the boxes below, the full structural formulae for the hydrocarbons propane and propene.                                               [image: ]
                                                                                                                                                      [1]
 	(b)    Give the term used to describe molecules, such as alkenes, containing a C=C bond.                      
          …….................................................................................................................    [1]
(c) Alkenes are also used in drilling oils. Some of these alkenes are structural isomers.

   	     	Draw the skeletal structures for three alkene isomers of C4H8.       [image: ]
                                                                                                                              [2]

	(d)  	‘Isoprene’ is produced and emitted into the atmosphere by many species of trees. It can be represented by the following formula.
			
CH2C(CH3)CHCH2

		 Draw the full structural formula of isoprene.	





                                                                                                                                 [2]




 8   	Many children’s science kits contain the chemicals ‘sodium bicarbonate’, NaHCO3, and ‘citric acid’, C6H8O7. If solid sodium bicarbonate is added to a solution of citric acid, the resulting evolution of gas can be used to ‘power’ small toys such as boats and cars.
	A student decides to measure the enthalpy change for this reaction using the apparatus below.   
                                               [image: ]

	The student adds 12 g of sodium bicarbonate to excess citric acid solution.
	The results are given below.
                           
		Mass of solution formed               = 25.0 g
                   Starting temperature of solution   = 22 °C
                   Finishing temperature of solution  = 6 °C


	(i) 	Calculate the energy transferred from the solution.

    		The solution has a specific heat capacity of 4.18 J g–1 K–1.




                                                energy transferred = ...................................................... J  [1]


	(ii) 	Calculate the enthalpy change, H, per mole of sodium bicarbonate in this reaction.
   		Give your answer, in kJ, to two significant figures.





                                                                            H = ........................................... kJ mol–1 [3]




	(iii)	The answer calculated in (ii) is different from the value quoted in data books.

    		Suggest one limitation in the practical procedure which would lead to the difference.

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


	(iv)	The  reaction  between  sodium  bicarbonate  and  citric  acid  can  be  represented  by equation 4.1 below.


		C6H8O7(aq) + 3NaHCO3(s)    Na3C6H5O7 (aq) + 3CO2(g) + 3H2O(l)     

equation 4.1

		Calculate the volume of carbon dioxide gas produced, in dm3, in the student’s experiment, at room temperature and pressure. Assume none of the carbon dioxide dissolves.

		One mole of gas at room temperature and pressure occupies 24.0 dm3.






                volume of carbon dioxide = .................................................. dm3 [2]






9    	Ethanol can be made from ethene in an industrial process.

	Give the reagents and conditions required for this reaction.

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

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

	..................................................................................................................................... [3]









10	Natural processes in the air can control some types of atmospheric pollutants, such as carbon monoxide and ozone. Although carbon monoxide emissions increased in the twentieth century, the percentage of carbon monoxide in the troposphere has remained almost constant.

	(a)	The increased use of cars in the twentieth century is one reason for the increase in carbon monoxide emissions.

		Explain the origin of these carbon monoxide emissions.

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

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

	(b) 	Give two reasons why carbon monoxide is classed as a polluting gas.
		.................................................................................................................................

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

		........................................................................................................................... [2]





11	‘Fuel ethers’ are oxygenates which are often blended in petrol to improve its properties.
(a) The fuel ether, MTBE, is manufactured according to the following equation:
                      [image: ]

			(i)  	Give the systematic name for compound B.

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

		(ii)   	Name the homologous series of which compound A is a member.

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

		(iii)   	Name the type of formula used to represent compound A and MTBE.

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



	(b) 	Compound A is obtained from crude oil.

		(i)	Give the molecular formula of compound A.

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


		(ii)   	Compound A can be obtained by cracking a larger hydrocarbon such as C12H26.

			In one cracking reaction, one mole of C12H26 produces one mole of compound A and one mole of another compound.

			Write the equation for this cracking reaction.



                   [1]
   		(iii)  	The cracking reaction in (b)(ii) uses a heterogeneous catalyst.

           		Describe a simple model to explain the function of a heterogeneous catalyst.
          	[image: ]	In your answer, you should use appropriate technical terms, spelled correctly.
			
			…………………….…………………………………………………………………
					
…………………….…………………………………………………………………

…………………….…………………………………………………………………

…………………….…………………………………………………………………				
			…………………….…………………………………………………………………	
			……….……….………………………………………………………………… [4]


(c) It is claimed that the addition of fuel ethers makes the fuels ‘cleaner burning’.

(i) Balance the equation given below for the complete combustion of one mole of MTBE, C5H12O.

		[image: ]
   [1]







(ii)  	Pentane is a component of petrol and has five carbon atoms.
			The proportion of carbon monoxide in the combustion products of MTBE is lower than that from the combustion of pentane.

			Explain why this is so.

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

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

			.................................................................................................................. [2]

(iii)   	Carbon monoxide can be removed from car exhaust fumes by the catalysed reaction with nitrogen monoxide.

			Name the products of this reaction.

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

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

	
	(d)  	ETBE is another fuel ether. It has a similar structure to MTBE and is represented below.
[image: ]

		ETBE is not a structural isomer of MTBE.

		Explain the term structural isomers and explain why ETBE and MTBE are not structural isomers.

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

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

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

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

       		……..	.................................................................................................................. [2]
	

	(e)   	ETBE can be manufactured from bioethanol. Both ETBE and bioethanol are called biofuels.
     		Explain why biofuels are regarded as a sustainable energy source, and why they are often described as ‘carbon neutral’.

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

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

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

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

		........................................................................................................................... [3]  
                                                                              

[Total Marks: 54]
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	Question
	Mks
	Answer
	Question Source and Guidance Notes
	Topics
	Demand

	1
	1
	A
	Q12 – GCE – Chemistry B – Specimen – H033/01
	Bonding and structure
	M

	2
	1
	A
	Q16 – GCE – Chemistry B – Specimen – H033/01
	Inorganic chemistry and the periodic table
	L

	3
	1
	B
	Q17 – GCE – Chemistry B – Specimen – H033/01
	Sustainability
	H

	4
	1
	B
	Q11(a) – GCE – Chemistry B – Specimen – H033/01
	Formulae, equations and amount of substance
	H

	5(a)
	1
	n H2C=CHCl  → {–CH2–CHCl–}n 

	Q20(a)(i) – GCE – Chemistry B – Specimen – H033/01
Formulae can be represented in any unambiguous
way but ‘end bonds’ must be shown for the polymer. 
Brackets (any type) and ‘n’s essential
	Polymers/Inorganic chemistry and the periodic table/  Implementing
	M

	5(b)(i)
	4
	Choice and plotting of axes ✓

Accuracy of plotting points ✓
Best straight line drawn (ignoring anomalous point) ✓ Extrapolation and reading off temperature at 2 minutes (15.9 ± 0.1) ✓
	Q20(b)(i) – GCE – Chemistry B – Specimen – H033/01
Correct labels including units; scales chosen so
that the plotted points occupy at least half the
graph grid in both the x and y directions

	Formulae, equations and amount of substance/Energetics/ Evaluation
	L,M,H

	5(b)(ii)
	3
	Use of m × c × ∆T and selection of appropriate data from data sheet for c; assumption that mass of 1 cm3 of HI = 1 g
20 × 4.18 × 15.9 = 1329 (J) ✓
n(Ba(OH)2) = 2/171.3 = 0.0117 (mol) ✓
1329/(1000 × 0.0117 × 2)
ΔneutH = –57 kJ mol–1  ✓
	Q20(b)(ii) – GCE – Chemistry B – Specimen – H033/01
ALLOW ECF between steps and answers to 2 or more sf

	
	

	5(b)(iii)
	1
	uncertainty = [(2 × 0.05)/20] × 100% = 0.5%
	Q20(b)(iii) – GCE – Chemistry B – Specimen – H033/01
	
	

	6
	4
	
CH3CHCH2 + H2O CH3CH(OH)CH3 

Bonds broken 610 + (6×410) +(460×2)+ (C–C)
AND
Bonds made 460 + (7×410) + 360 + 2(C–C) 
[3990 + (C–C)] – [3690 + 2(C–C)] = - 50 
300 – (C–C) = -50
Average bond enthalpy of C–C bond = 350 (kJ mol-1) 
	Q22(a) – GCE – Chemistry B – Specimen – H033/01

ALLOW Structural formula for 1MP
ALLOW ECF

	Organic reactions/Energetics


	L,M,H


	7(a)
	1
	[image: ]
	Q1(b)(i) – GCE – Chemistry B – June 2014 – F331/01
IGNORE bond angles and any other formulae

NOT lower case ‘h
	Organic functional groups
	L

	7(b)
	1
	unsaturated 
	Q1(b)(ii)- GCE – Chemistry B – June 2014 – F331/01
ALLOW minor spelling errors
	
	

	7(c)
	2
	[image: ]
	Q1(d)(ii) – GCE – Chemistry B – June 2014 – F331/01

Three correct full structural formulae scores max of 1 mark
	
	

	7(d)
	2
	[image: ]
2 marks if completely correct
1 mark for correct two double bonds
	Q1(e) – GCE – Chemistry B – June 2014 – F331/01
DO NOT ALLOW condensed formulae e.g. CH3

IGNORE bond angles

ALLOW one mark for all correct skeletal structure
	Organic functional groups
	H
















	Question
	Mks
	Answer
	Question Source and Guidance Notes
	Topics
	Demand

	8(a)(i)
	1
	1672J 
	Q4(a)(i) – GCE – Chemistry B – June 2014 – F331/01
ALLOW 1670/1700
IGNORE sign
	Energetics/Formulae, equations and amount of substance/ Planning
	M,H

	8(a)(ii)
	3
	moles of sodium bicarbonate (= 12 / 84) = 0.143 or 1/7 

enthalpy change per mole 1672 ÷ 0.143 (or 1672 x 7) =
11700  or 11.7 (ignore units)




+12 

	Q4(a)(ii) – GCE – Chemistry B – June 2014 – F331/01
ALLOW either working or evaluation for 1st mark

2nd mark is for evaluation
ALLOW ecf from 4a(i) and from moles bicarbonate

11700 or 11.7 or ecf from 4a(i) gains first two marking     pts 
3rd marking point is for sig fig, sign and expressing 
answer to 2nd mp in kJ

+12 on answer line  scores all three marks
12 scores 2; -12 scores 2 (and max 1 for any other negative number from ecf)
+12000, 12000 or -12000 scores two
	
	

	8(a)(iii)
	1
	energy/heat transfer between the surroundings and the
solution 
	Q4(a)(iii) – GCE – Chemistry B – June 2014 – F331/01
NOT ‘heat loss’
ALLOW ‘heat gain from surroundings’ 
ALLOW ‘calorimeter’ for ‘surroundings’
ALLOW non-standard conditions AW
ALLOW ‘specific heat is only approximate’ AW
	
	

	8(a)(iv)
	2
	moles of CO2 = 12/84 OR 0.143 OR 1/7 OR answer to 1st mp of 8a(ii) 





vol = 3.4(3) OR ‘answer to 1st mp of 4a(ii)  x 24’ evaluated  
	Q4(b)(iv) – GCE – Chemistry B – June 2014 – F331/01
3.4(3 etc) scores both marks

72 scores 0

10.285/10.29/10.3 scores 1 overall

vol = answer to 1st mp of 4a(ii) x 3 x 24 evaluated scores 1 mark overall

2nd mark  - ALLOW ecf only from incorrect Mr of NaHCO3
	Energetics
	M

	9
	3
	Phosphoric acid / H3PO4 



Water / steam / H2O 



High temperature and pressure / 300 C and 60 atm 
	Q2(b) – GCE – Chemistry B – June 2014 – F332/01
IGNORE inert catalyst supports such as alumina
DO NOT give the mark for phosphoric acid if answer also gives other incorrect chemicals.



ALLOW temps 200-400 C and pressure above 1 atm
DO NOT ALLOW if reflux also mentioned.

MP3 depends on MP2
	Organic reactions

	L,M

	10(a)
	1
	Incomplete combustion of hydrocarbons / organic compounds (AW) 
	Q4(a) – GCE – Chemistry B – June 2014 – F332/01
ALLOW fossil fuel or named fossil fuel / carbon in the fuel/ organic fuel
DO NOT ALLOW just ‘fuel’ or carbon as the fuel
	Inorganic chemistry and the periodic table

	L

	10(b)
	2
	Toxic / poisonous / reduces the capacity of blood to carry oxygen around the body AW 



causes photochemical smog  
	Q4(b) – GCE – Chemistry B – June 2014 – F332/01
ALLOW respiratory problems, but IGNORE breathing
problems.
IGNORE harmful /dangerous and comments about oxidising to CO2
	Inorganic chemistry and the periodic table

	L,M,H

	11(a)(i)
	1
	methanol 


	Q1(a)(i) – GCE – Chemistry B – June 2013 – F331/01
methan-1-ol does not score, and if with methanol is a CON ‘spelling must be unambiguous’

	Organic functional groups/
Isomerism
	L

	11(a)(ii)
	1
	alkene(s) 

	Q1(a)(ii) – GCE – Chemistry B – June 2013 – F331/01
	IGNORE any references to branching 
ycloalkane is a CON 



	
	

	11(a)(iii)
	1
	Skeletal (formula)✓
	Q1(a)(iii) – GCE – Chemistry B – June 2013 – F331/01
	ALLOW ‘mis-spellings if meaning is clear’ NOT 
skeleton 



	
	







	Question
	Mks
	Answer
	Question Source and Guidance Notes
	Topics
	Demand

	11(b)(i)
	1
	C4H8 ✓
	Q1(b)(i) – GCE – Chemistry B – June 2013 – F331/01
	ALLOW reversed 



	Isomerism/Organic functional groups
	L,M,H

	11(b)(ii)
	1
	C12H26 → C4H8   +  C8H18 

	Q1(b)(iii) – GCE – Chemistry B – June 2013 – F331/01
No ECF from wrong formula in (b)(i)
ALLOW structural formulae
	
	

	11(b)(iii)
	4
	Reactants/molecules/substances adsorbed on catalyst (surface) ✓


bonds (with)in/intramolecular bonds in reactants (weaken and) break ✓

new bonds form OR bonds form in products ✓

product/new molecules desorb/diffuse off/leave catalyst (surface) ✓
	Q1(b)(iv)- GCE – Chemistry B – June 2013 – F331/01
QWC: Adsorbed/adsorption/adsorb SPG; must be
spelled correctly to score first marking point, but does not score on own.

‘Their bonds’ AW is ok if reactants have been mentioned in first marking point NOT ‘bonds between reactants break’

Any reference to new bonds forming

IGNORE comments about catalyst surface providing reaction route of lower Ea or explanation of heterogeneous
	
	

	11(c)(i)
	1
	C5H12O(l)    + 7½O2(g)    → 5CO2(g)   + 6H2O(l)   

	Q1(c)(i) GCE – Chemistry B – June 2013 – F331/01
DO NOT ALLOW multiples etc (question asks per mole burnt)
ALLOW 7.5 OR 15/2
	
	L,M.H

	11(c)(ii)
	2
	burns more completely / more complete combustion / less
incomplete combustion ✓


already partially/slightly oxidised/contains an O (atom) in molecule OR pentane only has C and H 
(atoms)/no O atoms
✓
	Q1(c)(ii)- GCE – Chemistry B – June 2013 – F331/01
[bookmark: Total][bookmark: 20]Assume answer refers to MTBE unless otherwise stated.
Must be comparative statement to score first mark
IGNORE ideas about CO being formed then further oxidised
IGNORE ‘clean burning’
IGNORE MTBE is an oxygenate
IGNORE reference to number of moles of oxygen needed by pentane/MTBE
CON O2 or ‘oxygen molecule’
	
	

	11(c)(iii)
	1
	nitrogen AND carbon dioxide 

	Q1(c)(iii)- GCE – Chemistry B – June 2013 – F331/01
both needed
ALLOW correct formulae (with upper case – BOD if unclear)
 IGNORE formulae if names present
	
	

	11(d)
	2
	(molecules with) same molecular formula but different
structural formula/arrangement of atoms 




(MTBE and ETBE) do not have same molecular formula 

	Q1(d)(ii)- GCE – Chemistry B – June 2013 – F331/01
NOT ‘(chemical) formula’
ALLOW ‘same number of each atom’ or ‘same number and types of atoms’
ALLOW different arrangement (of atoms)
ALLOW different skeletal formulae

ALLOW ‘do not have same number of atoms’ OR answer in terms of ‘more C or H’
If formulae are written they must be correct or this will CON second mark
	
	L,M

	11 (e)
	3
	comes from crops which can be re-grown/AW ✓

plants take in/absorb/use CO2 for photosynthesis/growth ✓
(roughly) balances out CO2 produced on burning ✓
	Q1(e)(i)- GCE – Chemistry B – June 2013 – F331/01
vital word is ‘grow/growing/growth’ etc in the context that they can be replenished
NOT just ‘while living’
To score both points 2 and 3, CO2 must be mentioned or implied in both the answers
If no reference to idea of balance maximum total mark is 2
IGNORE references to C or CO
	
	L,M

	TOTAL
	54
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