	Lisachem 2006
	Unit 3 Chemistry
	Trial Examination Solutions


Section A – Multiple choice questions

	1.
	D
	Since the base is titrated with the acid, then the titration flask contains the base and the pH will drop as the acid is added. Therefore, at the endpoint the pH decreases from 4.4 to 3.1

     pH 4.4 ( [H3O+] = 10–4.4 = 3.98 ( 10-5
     pH 3.1 ( [H3O+] = 10–3.1 = 7.94 ( 10-4
Therefore, at the endpoint the [H3O+] increases from 3.98 ( 10-5 to 7.94 ( 10-4,

[H3O+] increases by a factor of 
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	2.
	B
	m(Fe) in 1 mol haemoglobin = 0.33 % of mass of 1 mol haemoglobin

                                              = 
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Therefore:     1 mol haemoglobin ( 4mol Fe atoms

                      6 ( 1023 haemoglobin molecules ( 4 ( 6 ( 1023 Fe atoms

                      1 haemoglobin molecule ( 4 Fe atoms


	3.
	A
	
	NO (g)
	+
	O3 (g)
	(
	NO2 (g)
	+
	O2 (g)
	

	
	
	
	0.893 g
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	V(NO2) produced = n(NO2) ( 
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	4.
	B
	The diprotic acid can be represented by the general formula H2A

Therefore, the chemical equation for the reaction is

     H2A (aq) + 2 NaOH (aq) ( Na2A + 2 H2O (l)
      0.954 g       36.04 mL

                        of 0.509 M
n(NaOH) reacting = c(NaOH) ( V(NaOH)

                              = 0.509 ( 36.04 ( 10–3 = 1.83 ( 10-2 mol

n(H2A) present = ½ ( n(NaOH) reacting

                          = ½ ( 1.83 ( 10-2 = 9.17 ( 10-3 mol

Since n(H2A) = 
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	5.
	C
	The calibration marks on a burette are much wider than the calibration mark on a twenty mL pipette – the burette has a much larger diameter. Consequently, the bottom of the meniscus is less clearly defined and harder to locate on a burette. In addition, the accurate delivery of twenty mL from a burette requires the burette scale to be read twice – initial and final – and each reading has an error of ±0.02 mL, compared to a reading error of ±0.01 mL for a pipette. Hence twenty mL can be measured more accurately from a twenty mL pipette than from a burette.


	6.
	A
	The ‘condensation’ reaction between HOOCC6H4COOH and HOCH2CH2OH to form a polyester can be represented by the equation:
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The formulation of each ester functional group is accompanied by the loss of an H2O molecule. This means the polymer contains the same total mass of carbon as the monomers but less hydrogen and oxygen, ie. the polyester has a lower mass than the sum of the masses of the monomers. Hence the percentage by mass of carbon in the polyester must be greater than in the monomers.


	7.
	B
	The balanced chemical equation for the reaction is obtained via the oxidation and reduction half equations.

     Oxidation:    H2C2O4 (aq) ( 2 CO2 (g) + 2 H+ (aq) + 2 e–
     Reduction:    MnO4– (aq) + 8 H+ (aq) + 5 e– ( Mn2+ (aq) + 4 H2O (l) + 5 e–
To establish the equation for the overall redox reaction, it is necessary to adjust both half equations to show the same number of electrons.

     Oxidation:    {H2C2O4 (aq) ( 2 CO2 (g) + 2 H+ (aq) + 2 e–} ( 5
     Reduction:    {MnO4– (aq) + 8 H+ (aq) + 5 e– ( Mn2+ (aq) + 4 H2O (l) + 5 e–} ( 2
This leads to the overall equation:

     5 H2C2O4 (aq) + 2 MnO4– (aq) + 6 H+ ( 10 CO2 (g) + 2 Mn2+ (aq) + 8 H2O (l)
So 2 mol MnO4– ( 10 mol CO2
0.2 mol MnO4– ( 1 mol CO2


	8.
	B
	Given the carbon and hydrogen content of the ‘unknown’ rubber sample, it is possible to work out the mole ratio of C:H in the sample – just like an empirical formula

	
	
	
	
	C
	:
	H
	

	
	
	
	mass ratio
	89.7
	:
	10.3
	

	
	
	
	mole ratio
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	7.475
	:
	10.3
	

	
	
	
	
	1
	:
	1.38
	

	
	
	Natural rubber – C5H8 – has a C:H ratio of 1:1.6

Synthetic rubber – C20H26 – has a C:H ratio of 1:1.3
The C:H ratio of the ‘unknown’ rubber suggests it is a mixture of natural and synthetic rubbers. Since the C:H ratio of 1:1.38 is closer to that of synthetic rubber (1:1.3) than it is to that of natural rubber (1:1.6) the mixture must contain a greater proportion of synthetic rubber.




	9.
	D
	To determine the value of the equilibrium constant, the equilibrium concentration of the reactants and products are required.

     n(CH3OH) at equilibrium = cV = 0.060 ( 2.0 = 0.12 mol

The n(CO) and n(H2) present at equilibrium can now be determined.

	
	
	
	
	CO (g)
	+
	2 H2 (g)
	(
	CH3OH (g)
	

	
	
	
	Initially (mol)
	0.80
	
	0.60
	
	–
	

	
	
	
	Reacting (mol)
	0.12
	
	0.24
	(
	0.12
	

	
	
	
	Equilibrium
	0.68
	
	0.36
	
	0.12
	mol

	
	
	Equilibrium concentrations are

     [CO] = 
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	10.
	B
	Octane has the molecular formula C8H18.

The combustion of octane produces CO2 and H2O according to

2 C8H18 + 25 O2 ( 16 CO2 + 18 H2O; or
C8H18 + 12½  O2 ( 8 CO2 + 9 H2O
m(C8H18) reacting = 22.8 g
n(C8H18) reacting = 
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The total mass of products can be determined in two ways.

1. Work out the masses of CO2 and H2O and add them.

          n(CO2) = 8 ( n(C8H18) = 8 ( 0.200 = 1.60 mol

          m(CO2) = 1.60 ( 44.0 = 70.4 g
          n(H2O) = 9 ( n(C8H18) = 9 ( 0.200 = 1.80 mol

          m(H2O) = 1.80 ( 18.0 = 32.4 g

          Total mass of products = 70.4 + 32.4 = 102.8 g
2. Since mass is conserved in a chemical reaction.
    Work out the mass of O2 reacting and add it to the mass of octane.

          n(O2) = 12 ½ ( n(C8H18) = 12 ½ ( 0.200 = 2.50 mol

          m(O2) = 2.50 ( 32.0 = 80 g

          Total mass of products = total mass of reactants

                                                = 80.0 + 22.8 = 102.8 g


	11.
	B
	Decreasing the volume of the gas syringes immediately increases the pressure within each system. In most equilibria, the system will adjust to the imposed pressure increase by moving the position of equilibrium to the side with fewer particles. This is consistent with responding to the volume decrease by moving to decrease the number of particles present.
1.   N2 (g) + 3 H2 (g) ( 2 NH3 (g)
There are fewer particles on the right hand side of the equation, so the position of equilibrium moves to the right.

2.   H2 (g) + I2 (g) ( 2 HI (g)
Position of equilibrium does not shift. Because there are the same number of particles on both sides of the equation, the equilibrium is not disturbed by an increase in pressure / decrease in volume.
3.   N2O4 (g) ( 2 NO2 (g)
There are fewer particles on the left hand side of the equation, so the position of equilibrium moves to the left.



	12.
	D
	During analysis using GC (or HPLC) chromatograms are produced which reflect the qualitative and quantitative aspects of chromatography.
[image: image22.png]mmmmmmmmmm




A chromatogram provides three information sources
1.   Number of peaks – indicates how many components are present in the sample

2.   Retention time – the time taken for each component to pass through the columns. This enables identification of each component.

3.   Area under each peak – enables the determination of the relative amount of a particular component in the sample analysed. The peak area for the individual component is compared to the total peak area for all components of the sample being analysed – quantitative analysis.



	13.
	C
	The inability to exhale CO2 will cause all three equilibria

1.   CO2 (g) ( CO2 (aq)

2.   CO2 (aq) + H2O (l) ( H2CO3 (aq)

3.   H2CO3 (aq) + H2O (l) ( HCO3– (aq) + H3O+ (aq)
to move to the right.

Increased [CO2 (g)] due to being trapped in the lungs pushes equilibrium 1. to the right thus increasing the [CO2 (aq)]. This increased [CO2 (aq)] pushes equilibrium 2. to the right thus increasing the [H2CO3 (aq)] which subsequently pushes equilibrium 3. to the right.

This causes the [H3O+] to increase and thus the pH to decrease.


	14.
	A
	The supplied data shows clearly that the ‘yield of product’ increases
· as the temperature decreases

· as the pressure increases
If the yield is increasing as the temperature is decreasing, the forward reaction is favoured by low temperature, ie. is exothermic.

If the yield is increasing as the pressure increases, then since the equilibrium system responds to a pressure increase by striving to counteract the pressure increase by moving to decrease the pressure. This pushes the position of equilibrium to the side with fewer particles, so the product must be on that side.

[NB. This data is associated with the production of ammonia, according to N2 (g) + 3 H2 (g) ( 2 NH3 (g); (H < 0]


	15.
	C
	The rate of the reaction between Zn (s) and HCl (aq) will be increased by
· increasing the temperature, since this increases the frequency of fruitful collisions

· adding a catalyst since this lowers the activation energy for the reaction

· using powdered zinc, since this increases he surface area of the zinc

However, simply using a greater volume of the acid would not be expected to increase the rate of reaction. It is the c({HCl} rather than the V(HCl) that influences the rate of the reaction. The reaction rate would be greater with 2 M HCl (aq) than with 1 M HCl (aq).


	16.
	B
	Ethanoic acid is a weak acid, which hydrolyses according to

          CH3COOH (aq) + H2O (l) ( CH3COO– (aq) + H3O+ (aq)
So the [H3O+] in 0.1 M CH3COOH (aq) will be significantly less than 0.1 M.

Since [H3O+] = 0.1 M ( pH = 1, then the pH of 0.1 M CH3COOH (aq) in which [H3O+] > 0.1 M, will be greater than 1 but less than 7.

The addition of KOH (aq) will decrease the [H3O+], and cause the pH of the solution to increase. As the position of equilibrium adjusts the [CH3COOH] will also decrease. If the amount of KOH (aq) added was less than the amount needed to neutralise the ethanoic acid, the pH will remain less than 7.


	17.
	B
	The reaction occurring during the analysis is

          Na2CO3 (aq) + 2 HCl (aq) ( 2 NaCl (aq) + H2O (l) + CO2 (g)
The effect of using a 200 mL volumetric flask, rather than the required 250 mL, to make up the Na2CO3 (aq) solution would be to produce an Na2CO3 (aq) solution that is more concentrated than it should be.

So when the 20.00 mL aliquot of Na2CO3 (aq) is taken, for titration with the HCl (aq) the actual n(Na2CO3) present is greater than what the student would have calculated it to be.

Consequently a larger volume of the HCl (aq) will be required to reach the endpoint.

When determining the c(HCl) = 
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, dividing by a larger volume will lead to a smaller calculated concentration of the HCl (aq).

The calculation sequence is

          V(Na2CO3) ( n(Na2CO3) ( n(HCl) ( c(HCl)
The error only kicks in at the last step, when dividing by the higher than true V(HCl).


	18.
	A
	Fractional distillation involves heating crude oil to temperatures in excess of 400°c, a temperature high enough to vaporise most of the hydrocarbons present in the mixture. As the vapours rise up the column, the temperature gradually falls. Consequently different hydrocarbons will liquefy as the temperature drops below their boiling temperatures. The components which boiled last will liquefy first as the vapour mixture moves up the column. The mixture of hydrocarbons, which collects on a particular tray in the column, is called a fraction.

The higher boiling temperature fractions – containing large molecules – are collected near the bottom of the fractionating column whilst the lower boiling temperature fractions rise to the top of the fractionating column.

High molecular mass molecules are converted into lower molecular mass molecules during ‘cracking’, not fractional distillation.


	19.
	C
	Consider the alternatives:

A. the acid-base conjugate pair, ie. species differing only by H+, is H2SO4 / HSO4–
B. the strong oxidant, when hot and concentrated, is H2SO4
C. no acid-base primary standard is listed. Whilst NaCl may be used to determine Ag+ (aq) concentrations, Na2CO3 is a primary standard for determining acid concentration

D. CH3CH2CH2CH3 butane, has a structural isomer (CH3)2CH – 2-methylpropane. Both butane and 2‑methylpropane have the molecular formula C4H10


	20.
	B
	Since pV = nRT and both gases are at the same temperature and occupy the same volume, then the pressures exerted by oxygen and ozone is directly dependent on the number of moles of O2 and O3 respectively 

ie. p ( n.

The particles exerting pressure in the oxygen container are O2moleucles.

The particles exerting pressure in the ozone container are O3 molecules.

Since p(O2) = 3 ( p(O3) then n(O2) = 3 ( n(O3)
This eliminates alternative C.
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Hence alternative A. is incorrect.

     Since n(O2) = 3 ( n(O3)

             N(O2) = 3 ( N(O3)
     Also, since N(O atoms) in ozone = 3 ( N(O)

     then N(O atoms) in ozone = N(O2)
Since each O2 molecule contains 2 ‘O’ atoms there are twice as many ‘O’ atoms in the oxygen sample as there are in the ozone sample.

Alternatively
Assuming there was x mol O3 ( 100 kPa, then for the oxygen to exert 300 kPa there must be 3x mol I2.

     x mol O3 ( 3x mol O atoms
     3x mol O2 ( 6 x mol O atoms


Section B – Short Answer Questions
Question 1
	(a)
	(i)
	n(HCl) = c(HCl) ( V(HCl)

            = 0.1010 ( 50.00 ( 10-3
            = 5.050 ( 10-3 mol          1 mark

	
	(ii)
	n(HCl) remaining = n(NaOH) reacting
                             = c(NaOH) ( V(NaOH)

                             = 0.1050 ( 19.30 ( 10-3
                             = 2.027 ( 10-3 mol          1 mark

	
	(iii)
	n(HCl) reacting with NH3 = n(HCl) supplied – n(HCl) remaining
                                          = 5.050 ( 10-3 – 2.027 ( 10-3
                                          = 3.023 ( 10-3 mol          1 mark

	
	(iv)
	n(NH3) produced = n(HCl) reacting with the NH3
                             = 3.023 ( 10-3 mol          1 mark

	
	(v)
	n(N) = n(NH3 = 3.023 ( 10-3 mol
m(N) = n(N) ( M(N)

          = 3.023 ( 10-3 ( 14.0 = 0.0423 g          1 mark
%N in grain = 
[image: image29.wmf])

grain

(

)

N

(

m

m

 ( 100

                    = 
[image: image30.wmf]0.2515

0423

.

0

 ( 100

                    = 16.8 %          1 mark

	(b)
	A lower than true percentage of N in the grain, assuming the recorded mass of the grain sample was accurate, would result from a lower than true calculated mass of N. This would result from a lower than true calculated n(NH3) produced. Possible causes:

· missing the endpoint of the titration; this would mean a larger V(NaOH) was added from the burette, leading to a larger calculated n(HCl) remaining after reaction with NH3, less HCl reacting with the ammonia, less NH3 and hance a lower n(N) in the grain

· loss of some of the grain sample after weighing; if not all the grain sample was transferred to the container in which it was treated to convert all the nitrogen to NH3, less HCl will react with the ammonia, hence a larger V(NaOH) will be required to react with the excess HCl. V(NaOH) ( ( n(NaOH) reacting with excess HCl ( ( n(HCl) left over ( ( n(HCl) reacting with NH3 ( ( n(NH3) ( ( n(N) in food ( ( % N decreases

· Not all the nitrogen in the grain sample is converted to NH3. Once again less HCl will react with NH3 and a larger volume of NaOH is used. A lower %N is calculated.
1 mark for each valid reason to a maximum of 2 marks.


Question 2
	(a)
	In an atomic absorption spectrometer the light source is a hollow cathode lamp specific to the metal for which analysis is being carried out, eg. for analysis of lead content in a sample a lead lamp is used. 1 mark The wavelengths emitted by the lamp will be specific to the metal involved, eg. Pb, and hence will be those absorbed by the atoms of the metal (eg. Pb) aspirated into the flame from the sample. 1 mark

	(b)
	In a UV-Visible spectrometer, the light source must be able to generate wavelengths in both the Ultraviolet and Visible regions of the spectrum 1 mark
Two lamps are present:

· a tungsten lamp to provide wavelengths in the visible region

· a hydrogen lamp to provide wavelengths in the UV region

	(c)
	In the use of both instruments, the sample being analysed is dissolved into solution.
In AAS, the solution is aspirated into a high temperature flame where it is atomised. The atoms of the element being analysed absorb wavelengths generated by the lamp as light passes through the flame. 1 mark
In UV-Visible spectroscopy, the solution is placed in a fused silica or quartz cell, which is placed in the instrument at room temperature. The species analysed absorbs particular wavelengths of the visible or ultraviolet light passing through the cell. 1 mark

	(d)
	The monochromator selects a specific wavelength of light from those emitted by the light source. 1 mark.

In UV‑visible spectroscopy, this wavelength selection is made prior to the light interacting with the sample. In AAS, the wavelength selection is made after the light has interacted with the sample.

	(e)
	Since chlorophyll is ‘green’ this indicates that it transmits / reflects green light. 1 mark
Chlorophyll absorbs strongly in the red and violet regions of the visible spectrum, hence a wavelength from these regions would be used in the analysis.

	(f)
	The amount of light absorbed in either instrument depends on the amount of the absorbing species present. The instruments are calibrated to establish the relationship between absorbance and concentration, and this calibration curve is used to convert the absorbance of the ‘unknown’ to a concentration. 1 mark

	(g)
	The separation process in chromatography is dependent on chemical bonding. 1 mark
As a mixture is swept over the stationary phase by the mobile phase, the different components of the mixture are separated according to their relative attractions to the stationary phase. 1 mark


Question 3
	(a)
	2-propyl propanoate          1 mark

	
	          [image: image31.png]‘CH;CH,COOCH(CHy),

from CH;CH,COOH  form (CHy,CHOH





	(b)
	1
	propene; CH3CH=CH2          1 mark

	
	2
	propane; CH3CH2CH2          1 mark

	
	3
	1-chloropropane; CH3CH2CH2Cl          1 mark

	
	4
	2-chloropropane; CH3CHClCH3          1 mark

	
	5
	1-propanol; CH3CH2CH2OH          1 mark

	
	6
	2-propanol; CH3CHOHCH3          1 mark

	
	7
	propanoic acid; CH3CH2COOH          1 mark

	(c)
	(i)
	addition reaction          1 mark
     CH3CH=CH2 + HCl ( CH3CH2CH2Cl or CH3CHClCH3

	
	(ii)
	oxidation / redox reaction
     CH3CH2CH2OH + H2O ( CH3CH2COOH + 4 H+ + 4 e–

	The complete flow chart is given below for reference.
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Question 4
	(a)
	(i)
	Some SCN– (aq) was removed from the equilibrium system.     1 mark

	
	(ii)
	The system responded by moving to counteract the removal of the reactant SCN– and return to equilibrium. The position of equilibrium moved to the left. 1 mark.
This happened because on removal of SCN–, a reactant, the rate of the forward reaction decreased relative to the rate of the reverse reaction. Therefore, the reverse reaction dominated until the system returned to equilibrium.

	(b)
	The graph shows that as a result of the temperature decrease the reverse reaction was favoured – concentration of Fe(NCS)2+ (aq) decreases whilst concentrations of Fe3+ (aq) and SCN– (aq) increase. 1 mark
This indicates that the reverse reaction is favoured by lower temperatures, ie. is exothermic.

Hence the forward reaction Fe3+ (aq) + SCN– (aq) ( Fe(NCS)2+ (aq) must be endothermic. 1 mark

	(c)
	(i)
	The concentration-time graphs indicate the concentrations of N2O4 and NO2 both increase at time t. Hence the volume of the equilibrium system was decreased. 1 mark

	
	(ii)
	The increase in concentrations of N2O and NO2 at time t1 upsets the equilibrium system. Since this is a gaseous system, the volume decrease causes the pressure to increase. 1 mark
The system responds by moving the position of the equilibrium towards the side with fewer particles (to the left), so as to decrease the pressure and return to equilibrium by time t2. Hence the c(NO2) decreases and the c(N2O4) increases. 1 mark

	
	(iii)
	At the new equilibrium at t2, the m(NO2) present is less than it was at the original equilibrium. 1 mark
The change in c(NO2) at t2 was due solely to the volume decrease. The change in c(NO2) between t1 and t2 is due to NO2 being converted to N2O4 as the position of equilibrium moves to the left, ie. the m(NO2) decreases. 1 mark
Therefore, even though the c(NO2) is greater at the second equilibrium, after t2, the m(NO2) present has decreased.


Question 5
	(a)
	2 SO2 (g) + O2 (g) ( 2 SO3 (g)          1 mark

	(b)
	The reaction 2 SO2 (g) + O2 (g) ( 2 SO3 (g) is exothermic.     1 mark
This significantly influences the temperature used in the converter. Since the forward reaction is exothermic, the amount of product, SO3, will be greater at lower temperatures. However low temperatures decrease the rate of reaction. 1 mark Hence compromise conditions of a moderate temperature 450°C, to still favour the forward reaction, and a catalyst, to increase the rate of reaction are utilised. 1 mark

	(c)
	Unreacted SO2 and O2     1 mark

	(d)
	1. SO3 (g) + H2SO4 (l) ( H2S2O7 (l)     1 mark
2. H2S2O7 (l) + H2O (l) ( 2 H2SO4 (l)     1 mark

	(e)
	CH3CH2CH2CH2CH3 (g) ( CH2=CH2 (g) + CH3CH2CH3 (g)     1 mark

	(f)
	The production of ethene according to CH3CH2CH2CH2CH3 (g) ( CH2=CH2 (g) + CH3CH2CH3 (g) is favoured by low pressures, because according to the application of Le Chatelier’s principle, decreasing the pressure causes the position of equilibrium to move to the side with more particles to increase the pressure. 1 mark
However in the production of SI3 according to 2 SO2 + O2 (g)  2 SO3 (g), during the production of sulfuric acid, high pressures favour the formation of SO3 as the system moves to the side with fewer particles to compensate for the pressure increase. However, the yield of SO3 is so good around atmospheric pressure that high pressures are not economical in the process. 1 mark


Question 6
	(a)
	C5H4NCOOH (aq) + H2O (l) ( C5H4NCOO– (aq) + H3O+ (aq)     1 mark

	(b)
	pH = 4.60 ( [H3O+] = 10–4.60 = 2.51 ( 10-5 M     1 mark

	(c)
	Consider the equilibrium law for the ionisation of niacin (nicotinic acid) in aqueous solution.
          Ka = 
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although nicotinic acid is a weak acid (low Ka value), and the assumption that

          [C5H4NCOO–]equilibrium = [H3O+]equilibrium 

is acceptable, since the solution is very dilute the calculation of the initial concentration of C5H4NCOOH requires recognition that

          [C5H4NCOOH]equilibrium = [C5H4NCOOH]initially – [C5H4NCOOH]ionised
                                                = [C5H4NCOOH]initially – [H3O+]

                                                = [C5H4NCOOH]initially – 2.51 ( 10-5
Hence          1.40 ( 10-5 = 
[image: image34.wmf]]

NCOOH

H

C

[

]

O

H

[

4

5

2

3

+


                    1.40 ( 10-5 = 
[image: image35.wmf])

10

51

.

2

]

NCOOH

H

C

([

)

10

51

.

2

(

5

initially

4

5

2

5

-

-

´

-

´

     1 mark
     1.40 ( 10-5 ( ([C5H4NCOOH] – 2.50 ( 10-5) = (2.51 ( 10-5)2
                          ([C5H4NCOOH] – 2.50 ( 10-5) = 
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                                                                            = 4.51 ( 10-5 M

                                                  [C5H4NCOOH] = 4.51 ( 10-5 + 2.51 ( 10-5
                                                                            = 7.02 ( 10-5 M          1 mark

	(d)
	The C5H4NCOOH in 5.00 g of cereal was in 50.0 mL of solution.
     Since [C5H4NCOOH] = 7.02 ( 10-5 M

n(C5H4NCOOH) in 5.00 g cereal = n(C5H4NCOOH) in 50.0 mL solution

                                                      = c ( V
                                                      = 7.02 ( 10-5 ( 50.0 ( 10-3
                                                      = 3.51 ( 10-6 mol

n(C5H4NCOOH) in 100 g = 
[image: image37.wmf]5
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                                          = 7.02 ( 10-5 mol          1 mark
m(C5H4NCOOH) = n ( M
                             = 7.02 ( 10-5 ( 111

                             = 7.79 ( 10-3 g          1 mark
                             = 7.79 mg


Question 7
	(a)
	The energy content of the products, ie CO2 and H2O, is lower than the energy content of the reactants, 1 mark
ie. CH4 and O2, hence the reaction is exothermic 1 mark.
Alternatively:
The energy released in the formation of the bonds in the products is greater than the energy needed to break the bonds in the reactants, 1 mark hence the reaction is exothermic. 1 mark

	(b)
	Activation energy for the reaction CO2 (g) 6+ 2 H2O (g) ( CH4 (g) + 2 O2 (g) will be the difference between the ‘top of the hill’ and relative energy content of CO2 andH2O as given on the supplied profile.
     Ea = 2654 – (–798) = 3452 kJ mol-1          1 mark

	(c)
	Because ½ CH4 (g) + O2 (g) ( ½ CO2 (g) + H2O (g) has mole ratios exactly half those in the equation

CH4 (g) + 2 O2 (g) ( CO2 (g) + 2 H2O (g), all the values on the energy profile, and the (H value, are halved.
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1 mark for the size and location of the profile

1 mark for the values –399 and 1327 kJ mol-1

	(d)
	Reaction between CH4 and O2 will only occur if the collisions between the molecules are fruitful, ie they collide with energy greater than the activation energy. 1 mark
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