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Topic 1: Atoms, Molecules & Stoichiometry (1) AS Chemistry Topical Paper 2

NIAZ AHMED AWAN (niaz.awan564@gmail.com +923004255956)

Atoms, Molecules  
Topic 1 

5 5



1 (a) Define an isotope in terms of its sub-atomic particles.

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

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

(b) In a mass spectrometer some hydrogen chloride molecules will split into atoms. The
mass spectrum of HCl is given. Chlorine has two isotopes. The hydrogen involved here
is the isotope 11H only.

(i) What particle is responsible for the peak at mass 35? .............................................

(ii) What particle is responsible for the peak at mass 38? .............................................
[2]

(c) Use the relative heights of the peaks to determine the proportions of the two isotopes of
chlorine. Explain simply how you obtained your answer.

[2]

(d) Use your answer to (c) to explain why chlorine has a relative atomic mass of 35.5.

[1]

0
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Iron and cobalt are adjacent elements in the Periodic Table. Iron has three main naturally
occurring isotopes, cobalt has one.

(a) Explain the meaning of the term isotope.

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

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

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

(b) The most common isotope of iron is 56Fe; the only naturally occurring isotope of cobalt
is 59Co.

Use the Data Booklet to complete the table below to show the atomic structure of 56Fe
and of 59Co.

[3]

(c) A sample of iron has the following isotopic composition by mass.

(i) Define the term relative atomic mass.

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

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

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

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

(ii) By using the data above, calculate the relative atomic mass of iron to three
significant figures.

[5]

isotope

isotope mass 54 56 57

5.84 91.68 2.17% by mass

protons

number of

neutrons electrons

56Fe

59Co

 2
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Most submarines travel under water using electrical power from batteries. The German 
engineer Helmut Walter designed a diesel engine that could be used to propel a submarine 
beneath the surface of the sea. Instead of taking air from above the surface of the sea, 
Walter’s engine used hydrogen peroxide, H2O2, to provide oxygen for a conventional diesel 
engine.

 Hydrogen peroxide may be catalytically decomposed to give water and oxygen.

 (a) (i) What is meant by the term catalyst?

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

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

  (ii) Construct a balanced equation for the decomposition of H2O2.

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

 Diesel fuel may be considered to consist of the hydrocarbon C15H32 which reacts completely 
with oxygen according to the following equation.

C15H32  +  23O2  →  15CO2  +  16H2O

 (b) (i) To which homologous series does C15H32 belong?

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

  (ii) Use the equation above and your answer to (a)(ii) to calculate the amount, in moles
of H2O2, that will provide sufficient oxygen for the complete oxidation of one mole 
of C15H32.

amount of H2O2 = ................................. mol [3]

 

 A submarine equipped with a Walter engine used 212 tonnes of diesel fuel during an 
underwater voyage. The submarine also carried concentrated aqueous H2O2.

  [1 tonne = 106 g]
  (c) (i) Calculate the amount, in moles, of diesel fuel used during the underwater voyage. 

amount of diesel fuel = ................................. mol

3
9701/02/O/N/08/Q1 
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  (ii) Use your answers to (b)(ii) and (c)(i) to calculate the mass, in tonnes, of hydrogen 
peroxide used during the underwater voyage.

 

mass of H2O2 = ................................. tonnes
[4]  

 (d) The exhaust products of the Walter engine were passed into the sea.  
  What would happen to them?

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

 

(e)  The sulfur dioxide content of wine is most commonly measured by the Ripper Method which 
involves titration with iodine in the presence of starch as an indicator.

SO2(aq)  +  I2(aq)  +  2H2O(l)  →  2I –(aq)  +  SO4
2–(aq)  +  4H+(aq)

  A 50.0 cm3 sample of wine required 12.35 cm3 of 0.010 mol dm–3 I2(aq) for complete reaction 
with the SO2.

 

(i)  How many moles of SO2 are present in 50.0 cm3 of wine?

moles of SO2 in 50.0 cm3 = .................................  [1]

 

(ii)  How many moles of SO2 are present in 1 dm3 of wine?

moles of SO2 in 1 dm3 = .................................  [1]

 

(iii)  How many milligrams, mg, of SO2 are present in 1 dm3 of wine? Give your answer to three

 

signifi cant fi gures. (1 g = 1000 mg)

mass of SO2 in 1 dm3 = ................................. mg  [1]
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1 (a) Atoms which have the same number of protons (or same element) but
different numbers of neutrons   (1)

[1]

(i) 35Cl  (1) (ii) H37Cl   (1) [2]

H Cl line at 36 has rel. abundance of 90        (1)
                  38                                     30

These show 35Cl and 37Cl in ratio 3:1   (1)
[or use of 35 and 37] [2]

(d) Mean of the two isotopes 3 x 35 + 1 x 37  =  35.5   (1) [1]
    4

 same proton no./atomic no./no. of protons (1) 
 different mass no./nucleon no./no. of neutrons (1) [2] 
 

 

(b)
 

 number of 

isotope protons  neutrons electrons 
56Fe 26 30 26 
59Co 27 32 27 

 

(1) (1) (1) 

 

 

give one mark for each correct column      
 allow (1) if no column is correct but one row is correct [3] 

 
 (c) (i) weighted mean/average mass 

of an atom (not element)  (1) 
 compared with 12C (1) 

one atom of  12C has a mass of exactly 12 (1) 
[relative to 1/12

th the mass of a 12C atom would get 2]  

  or 
 

mass of 1 mol of atoms (1) 
compared with 12C (1) 
1 mol of 12C has a mass of 12 g (1)   

 
 (ii) Ar = 54 x 5.84 + 56 x 91.68 + 57 x 2.17 (1) 

    100 
 

 = 5573.13 = 55.7 to 3 sf (1)  
   100 

 
allow 55.9 if Ar is calculated using 99.69 instead of 100 [5] 

2

(b)

(c)

(a)
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Sir James Jeans, who was a great populariser of science, once described an atom of carbon
as being like six bees buzzing around a space the size of a football stadium.

Suggest what were represented by the six bees in this description.

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

Explain (in terms of an atom of carbon) what stopped the bees from flying away
from the space of the football stadium.

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

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

What is missing from Jeans’ description when applied to an atom of carbon?

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

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

The diagram below represents the energy levels of the orbitals in atoms of the second
period, lithium to neon.

Label the energy levels to indicate the principal quantum number and the type of
orbital at each energy level.

In the space below, sketch the shapes of the two types of orbital.

en
er

gy

nucleus

1

(a) (i)

(ii)

(iii)

(b)

(i)

(ii)

9701/2/M/J/02/Q1 
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Complete the electron configurations of nitrogen and oxygen on the energy level
diagrams below, using arrows to represent electrons.

Explain, with reference to your answer to (iii), the relative values of the first
ionisation energies of nitrogen and oxygen. The values are given in the Data
Booklet and should be quoted in your answer.

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

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

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

...................................................................................................................................[6]

State the formulae of the negatively charged ions formed by these elements in
simple binary compounds (nitrides and oxides).

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

Why do nitrogen and oxygen form negative ions, but not positive ions, in simple
binary compounds?

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

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

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

nitrogen oxygen

The first six ionisation energies of an element X are given below.

Define the term first ionisation energy.

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

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

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

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

Write an equation, with state symbols, for the second ionisation energy of element X.

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

first second third fourth fifth sixth

ionisation energy / kJ mol–1

950 1800 2700 4800 6000 12300

 

(iii)

(iv) 

(c) (i)

(ii)

2

(a)

(b)

9701/02/O/N/05/Q1 
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Use the data given above to deduce in which Group of the Periodic Table element X is
placed. Explain your answer.

Group ...............................................................................................................................

explanation ......................................................................................................................

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

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

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

The first ionisation energies (I.E.) for the elements of Group IV are given below.

Explain the trend shown by these values in terms of the atomic structure of the elements.

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

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

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

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

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

element C Si Ge Sn Pb

1090 786 762 707 7161st I.E. / kJ mol–1

In the 19th and 20th centuries, scientists established the atomic theory and showed that 
three sub-atomic particles, electron, neutron and proton, exist. The masses and charges of 
these three particles were subsequently determined.

  When separate beams of electrons, neutrons or protons are passed through an electric field 
in the apparatus below, they behave differently.

+                            –

beam of particles

 Which of these three particles will be deflected the most by the electric field?

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

  In which direction will this particle be deflected?

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

 

(c)

(d)

3

(a) (i)

(ii)

9701/02/O/N/06/Q1 
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  Explain your answer.

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

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

 Define the term proton number.

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

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

  Why is the proton number of an atom of an element usually different from the 
nucleon number of an atom of the element?

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

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

 Protons and neutrons have been used in nuclear reactions which result in the formation 
of artificial elements. In such processes, protons or neutrons are accelerated to high 
speeds and then fired like ‘bullets’ at the nucleus of an atom of an element.

  Suggest why neutrons are more effective than protons as ‘nuclear bullets’.

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

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

 In some cases, when neutrons are fired at atoms of an element, the neutrons become 
part of the nucleus of those atoms.

   What effect does the presence of an extra neutron have on the chemical properties of 
the new atoms formed? Explain your answer.

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

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

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

(iii)

(b) (i)

(ii)

(c)

(d)
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 Energy required to remove one electron 
from each atom        (1) 

   in one mole of         (1)  
  gaseous atoms of an element      (1) 
   (‘Energy change when one mole of gaseous atoms loses  

one mole of electrons’ would score all three marks.) [3] 
 

  X+(g)  →  X2+(g)  +  e- equation    (1) 

 
  state symbols (1) [2] 

 
  Group 5         (1) 
 

 

 sharp rise in successive ionisation energies 
between 5th and 6th IEs        (1) 

 indicating change to a different shell/energy level 
or outer shell contains 5 electrons (1) [3] 

(a)

(b)

(c)

(a) (i) The six electrons of carbon / some reference to charge. 
(ii) The electrostatic attraction from the oppositely charged protons. 
(iii) The nucleus (give credit if answered in (ii) 
  

(b)  (i)                                      2px                      2py                   2pz              (1) 
                     2s                                                                                x,y,z  (1) 
                   1s        
(ii)           
                                                                                            
 
                                              spherical 
                           s Orbitals 
                                                                                                                                                                                        p orbitals 
 
(iii)  
 
 

 
 
                                                                                                                        

(1) 

 
                         nitrogen                                                              oxygen 
 (iv)  first 1E.     N = 1410          O = 1310     OR             N>O     (1) 
           Explanation in terms of electron repulsion within doubly  
              occupied p orbital          half filled          
                OR    symmetry of these p orbitals of single occupancy              (1) 
                NOT   3 electrons are stable  

(c) (i)       N3-  and O2-   both           (1) 
(ii)      To complete octet / inert gas configuration 

OR it is very unlikely to lose five or six electrons respectively       (1) 

1 

2 
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Carbon disulphide, CS2, is a volatile, stinking liquid which is used to manufacture viscose
rayon and cellophane.

The carbon atom is in the centre of the CS2 molecule.
Draw a ‘dot-and-cross’ diagram of the carbon disulphide molecule.
Show outer electrons only.

[2]

Suggest the shape of the molecule and give its bond angle.

shape .........................................................

  
 

 

Ethene, C2H4, and hydrazine, N2H4, are hydrides of elements which are adjacent in the 
Periodic Table. Data about ethene and hydrazine are given in the table below.

C2H4 N2H4
melting
point/°C –169 +2

boiling
point/°C –104 +114

solubility in 
water insoluble high

solubility in 
ethanol high high

 Ethene and hydrazine have a similar arrangement of atoms but differently shaped 
molecules.

  What is the H-C-H bond angle in ethene?

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

  Draw a ‘dot-and-cross’ diagram for hydrazine.

  What is the H-N-H bond angle in hydrazine?

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

 

(a)

(b)

(a)

(i)

(ii)

(iii)

9701/02/O/N/05/Q2 

9701/02/M/J/07/Q1 
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 The melting and boiling points of hydrazine are much higher than those of ethene.
  Suggest reasons for these differences in terms of the intermolecular forces each 

compound possesses.

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

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

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

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

This question is about the bonding of covalent compounds.

 On the axes below, sketch the shapes of a 1s, a 2s, and a 2px orbital.
z

x

y

1s

z

x

y

2s

z

x

y

2px [3]
 Covalent bonding occurs when two atoms share a pair of electrons. Covalent bonding 

may also be described in terms of orbital overlap with the formation of σ bonds.  

  How are the two atoms in a covalent bond held together? In your answer, state which 
particles are attracted to one another and the nature of the force of attraction.

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

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

  Draw sketches to show orbital overlap that produces the σ bonding in the H2 and 
HCl molecules.

H2 HCl
[4]

 The bond in the HCl molecule is said to be ‘polar’.  
What is meant by the term bond polarity?

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

Explain why the HCl molecule is polar. 

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

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

[2]

   

 

(b)

3

(a)

(b)

(i)

(ii)

(c)
(i)

(ii)

9701/02/O/N/07/Q1 
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sulphur atom has 6 /carbon atom has 4 electrons   (1) 

 

S=C double bonds (4 electrons) clearly shown  (1) [2] 

linear          (1) 

 180o (1) [2] 

 

between 117° and 120° [1] 
 
  
 

            
 

         
14 electrons must be shown 
single N-N bond [1] 
lone pair on each N atom [1] 

 
between 107° and 109°  [1] [4] 

  
  ethene – van der Waals’ forces [1] 
  hydrazine – hydrogen bonds   [1] 
 
  hydrogen bonds are stronger or van der Waals’ forces are weaker [1] [3] 

 
  

 
 

  
            spherical (1)                    larger spherical (1) 

 
 

 

  

 double lobes along the x-axis (1) 

 [3] 
   attraction between bonding electrons and nuclei  (1) 
    attraction is electrostatic  (1)  

H2  s-s overlap clearly shown 
     must not be normal dot/cross diagram  (1)  
   HCl  s-p overlap clearly shown 
 
 

   overlap must involve s and p orbitals  (1) [4] 
   bonding electrons are unequally shared or 
 
 

  the molecule has a dipole/δ+ and δ- ends to molecule  (1) 
 the H and Cl atoms have different electronegativities 
    or chlorine is more electronegative than hydrogen  (1) [2] 

 
 
 
 

 
 

1 (a)

(b)

2 (a) (i)
(ii)

(iii)

(b)

3 (a)

(b) (i)

(ii)

(c) (i)

(ii)
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This question is about the physical chemistry of gases, with particular emphasis on the inert
gas argon. Argon exists in the atmosphere as single atoms.

State two of the assumptions of the kinetic theory as applied to an inert gas.

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

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

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

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

How many atoms of argon are present in one mole of the gas?

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

You are to calculate the percentage of the volume occupied by the atoms themselves in
one mole of argon at room temperature and pressure.

Use the Data Booklet to calculate the volume of one atom of argon.
[volume = �₃πr 3 π = 3.14]

Use your answer to (c)(i) to calculate the volume of one mole of argon atoms.

State the volume occupied by one mole of argon (assume it to behave as an ideal
gas) at room temperature and pressure.

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

What percentage of this volume is occupied by the atoms themselves?

Explain how your answer to (c)(iv) justifies one of your assumptions in (a).

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

...............................................................................................................................[5]

 1

(i)

(ii)

(i)

(ii)

(iii)

(iv) 

(v) 

(a)

(b)

(c)

9701/02/M/J/03/Q2 
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Argon is used to fill electric light bulbs. These have a fine filament of a metal wire,
usually tungsten, which glows white hot from its electrical resistance to the current.

Suggest why argon, rather than air, is used to fill electric light bulbs.

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

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

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

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

State two assumptions of ideal gas behaviour.

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

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

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

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

Use of the Data Booklet is relevant in (b) and (c).

The ideal gas equation is pV = nRT. Explain as fully as you can the meaning of the
following terms, and give the units for each to correspond with the value of R given in
the Data Booklet.

p ................................................................................................................................

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

V ...............................................................................................................................

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

T ................................................................................................................................

...............................................................................................................................[6]

When an evacuated glass bulb of volume 63.8 cm3 is filled with a gas at 24 °C and
99.5 kPa, the mass increases by 0.103 g. Deduce whether the gas is ammonia,
nitrogen or argon.

 

(d)

2 (a)

(i)

(ii)

(b)

(i)

(ii)

(iii)

(c) (i)

9701/02/M/J/04/Q1 
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Explain why ammonia is the most likely of these three gases to deviate from ideal
gas behaviour.

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

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

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

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

...............................................................................................................................[5]

The unsaturated hydrocarbon ethyne (acetylene), C2H2, is widely used in ‘oxy-acetylene 
torches’ for cutting and welding metals. In the torch, ethyne is burned in oxygen to produce a 
flame with a temperature of 3400 K.

 Ethyne is a linear molecule with a triple bond, C�C, between the two carbon atoms.

  Draw a ‘dot-and-cross’ diagram of an ethyne molecule.

 [1]

 When used for cutting or welding, ethyne is transported in cylinders which contain the 
gas under pressure. A typical cylinder has a volume of 76 dm3 and contains ethyne gas 
at 1515 kPa pressure at a temperature of 25 °C.

  Use the general gas equation, pV = nRT, to calculate the amount, in moles, of ethyne in 
this cylinder.

 [2]

 In some countries, ethyne is manufactured from calcium carbide, CaC2, which is 
produced by heating quicklime and coke together at 2300 K.

CaO  +  3C    CaC2  +  CO

  When water is added to the CaC2, calcium hydroxide, Ca(OH)2, and ethyne, C2H2, are 
produced.

  Construct a balanced equation for the formation of ethyne from calcium carbide.

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

  Use this equation and your answer to part (b) to calculate the mass of CaC2 which 
will react with an excess of water to produce enough ethyne to fill 100 cylinders of 
the gas.

 
[3]

 

(ii)

3

(a)

(b)

(c)

(i)

(ii)

9701/02/M/J/06/Q2 
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That the volume of the gas molecules is negligible compared to the
volume of gas   (1)

That there are no intermolecular forces
OR collisions of the molecules are perfectly elastic
Particles are in constant motion, losing no energy on collision (1) any two [2]

6.02 x 1023   (1) [1]

r = 0.192 nm   (1)       Assume most candidates will work in dm3

v = 4 x 3.14 x (1.92 x 10-9)3 = 2.96 x 10-26 dm3 (2.96 x 10-29 m3) (1)
3

2.96 x 10-26 x 6.02 x 1023 (1)  =  1.78 x 10-2 dm3 (1.78 x 10-5 m3) (1)

24 dm3 (0.024 m3) (1)

1.78 x 10-2 x 102  =  0.074%   (1)
24

Some statement which connects with (a) (i) above   (1) max [5]

� hot metals will react with oxygen in air (or nitrogen)
� to form oxides/will burn out/to a powder
� argon will not react 
� at high temperatures O2 and N2 in air will react to give NOx

NOT expansion of gases on heating                          any two [2]

 

 The volume of the gas molecules / atoms / particles is insignificant compared  
   with the volume of the vessel. 
   There are no forces of attraction between the gas molecules. 
   All collisions by the gas molecules are perfectly elastics. Any two.               [2]  
    The pressure of / exerted by the gas.     [1] 
   Pa / Nm 

-2      
   [1] 

      The volume of the containing vessel                 [1]      
m

3 
/ dm

3
 / cm

3
        [1] 

   The absolute temperature        [1] 
   In K or 273 + °C        [1] 
 
       pV ≈ w/m  x  RT 
    m = (0.103 x 8.31 x 297) / (99.5 x 10

3 
x 63.8 x 10

-6
)     [1] 

   

    = 40.0
 

        [1]

   The gas is argon        [1] 
               The hydrogen bonds between ammonia molecules (1)   

 

 

  are stronger than the Van De Waals’ forces between N2 and Ar molecules (1)
  

 

  Ammonia is polar / has a dipole (1)       

 
   (Any two)         [2] 

 

        
 

 
 

(a) 
      xo 

  Hx

oC
x

oC
o

xH 
            

x

o 

 [1]   (b) n = PV = (1515 x 103
) x (76 x 10-3

) 
(1)

 
        RT           8.31 x 298 

   

     =  46.5 (1) [2] 

 

    

3
 

1 (a) (i)

(ii)

(b)
(c) (i)

(ii)

(iii)

(iv) 

(v) 
(d)

2 (a)

(b) (i)

(ii)

(iii)

(c) (i)

(ii)

    

 

 CaC2 + 2H2O → Ca(OH)2 + C2H2 (1) 

   n(C2H2) = n(CaC2) =100 x 46.5 (1) 

 
   mass of CaC2  = 100 x 46.5 x 64 = 

 
   

= 297 570 g 

                         
= 297.6 kg (accept 298 kg) 

    correct units necessary 

(1)

   

allow e.c.f. on candidate’s answer in (b)  [3]
 

(c) (i)
(ii)
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Ethanol, C2H5OH, is a most important industrial chemical and is used as a solvent, a fuel
and an intermediate in large scale organic synthesis.

Ethanol is prepared industrially by the reaction of ethene and steam in the presence of a
catalyst.

C2H4(g)  +  H2O(g) → C2H5OH(g)

The standard enthalpy change of the reaction can be determined by using the standard
enthalpy changes of combustion, ∆Hc, at 298 K.

∆Hc / kJ mol–1

C2H4(g) –1411

C2H5OH(l) –1367

Calculate the standard enthalpy change for the following reaction.

C2H4(g)  +  H2O(l) → C2H5OH(l)

[2]

Define the term standard enthalpy change of combustion.

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

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

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

Explain why the state symbols for water and ethanol given in the equation in (a)
have been changed from those quoted in the industrial process.

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

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

Write the equation for the complete combustion of ethanol.

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

�

�

 1

(a)

(b) (i)

(ii)

(iii)

9701/02/M/J/02/Q2 

  The unsaturated hydrocarbon Z is obtained by cracking hexane and is important in the 
chemical industry.

 The standard enthalpy change of combustion of Z is –2059 kJ mol–1.

 Define the term standard enthalpy change of combustion.

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

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

(c)
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  When 0.47 g of Z were completely burnt in air, the heat produced raised the temperature of 
200 g of water by 27.5 °C.

 Calculate the amount of heat released in this experiment.

  Use the data above and your answer to (i) to calculate the relative molecular mass 
of Z.

[4]

(i)

(ii)

(d)

What is meant by the standard enthalpy change of formation, �H f, of a compound?
Explain what is meant by the term standard.

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

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

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

Write an equation, with state symbols, for the �H f of water.

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

Explain why the �H f for water is identical to the standard enthalpy change of
combustion of hydrogen.

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

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

o_

o_

o_

2 (a) (i)

(ii)

(iii)

9701/02/O/N/03/Q3 

When calcium is placed in water, aqueous calcium hydroxide is formed and hydrogen is
given off.

Write the equation for the reaction of calcium with water.

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

(b)

(i)
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When 1.00 g of calcium is placed in 200 g of water, the temperature increases by
12.2 °C when the reaction is completed. The specific heat capacity of water, c, is
4.2 J g–1 K–1.

Calculate the heat released in the experiment.

(ii)

Calculate the standard enthalpy change of reaction in k J mol–1 for your equation in
(b)(i).

[4]

State Hess’ Law.

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

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

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

Use Hess’ Law and your result in (b)(iii) to calculate the �H f of Ca(OH)2 (aq). You
also need the �H f of water which is –286 k J mol–1.

[4]

Calculate the volume of hydrogen, measured at room temperature and pressure,
liberated in the experiment described in (b)(ii).

[2]

o_

o_

(iii)

(c) (i)

(ii)

(d)
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Explain the term standard enthalpy change of formation, �H f .

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

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

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

Calculate the standard enthalpy change of formation of CS2 from the following data.

standard enthalpy change of formation of SO2 = –298 kJ mol–1

standard enthalpy change of formation of CO2 = –395 kJ mol–1

standard enthalpy change of combustion of CS2 = –1110 kJ mol–1

[3]

 
 
 
 
 

 

  
 
 
 

 

 

 

 

 

  

 

 

 

 

 

 
 
 

 

 

 

9701/2/O/N/02 [Turn over

Urea, CO(NH2)2, is a naturally occurring substance which can be hydrolysed with water
to form ammonia according to the following equation.

H2O(l)  +  CO(NH2)2(aq) → CO2(aq)  +  2NH3(aq)

The standard enthalpy changes of formation of water, urea, carbon dioxide and ammonia
(in aqueous solution) are given below.

Use these data to calculate the standard enthalpy change for the hydrolysis of urea.

[2]

compound

H2O(l)

CO(NH2)2(aq)

CO2(aq)

NH3(aq)

∆H f /kJ mol–1

–287.0

–320.5

–414.5

–81.0

�

 

3 (a)

(b)

(c)

9701/02/O/N/05/Q2(C) 
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   (d) enthalpy change when 1 mol of a substance (1)  
  is burnt in an excess of oxygen/air  
  or undergoes complete combustion  
  under standard conditions (1) [2]  

 (e) heat released = m c δT = 200 x 4.18 x 27.5 (1)   
 

  = 22990 J = 23.0 kJ  

 
 

  (If candidate uses 4.2 answer is 23.1 kJ.) (1) 

   23.0 kJ produced from 0.47 g 

    2059 kJ produced from 
0.23

205947.0 ×

g (1)  

 

  = 42.08g 

 (Use of 4.2 gives 41.89 g.)    allow ecf from (i)
[4]  

 

 

energy/enthalpy change when 1 mol of a compound is 
formed from its elements 

    
   at 25°C and 1 atm     

H2(g) + 
2

1
O2(g) → H2O(l) 

   
 (b) Ca + 2H2O → Ca(OH)2 + H2 

 
 

 

  

heat released = mcΔ T 
 
= 200 x 4.2 x 12.2 = 10.25 kJ  

     

  

reacn
H∆  = 40.1 x (–10.25) = –411 kJ mol–1 sign necessary 

 for ecf, 
reacn

H∆  = 40.1 x [answer to (b)(ii)] 

 

[4] 
 
The enthalpy (energy) change for converting reactants into products  

   is the same regardless of the route taken 

  Ca(s)  +     2H2O(l)  →  Ca(OH)2(aq) + H2(g) H∆  = –411 
H∆ f      2 x (–286)             x  

                                    
 

reacn
H∆  = x  – 2(–286) = –411 

 
x = –411 + 2(–286) = –983 kJ mol–1 

   sign necessary  

 for ecf, x = ans. to (b)(iii) + (–572) [4] 

 40.1 g of Ca give 24000 cm3 of H2 (1)  

 
1 g of Ca gives 

1.40

24000
 = 598.5 cm3 units needed 

 
allow 40 g of Ca giving 600 cm3 (1) [2] 

 

1  (a)   C2H4 + H2O  → C2H5OH 
        -1416               -1367   ∆H = 44 kj mol-1 element or compound        (1) 
(b)  ∆H when 1 mole of an element or compound is completely combusted  (1) 

Vnde standard conditions H2O, C2H5OH are liquids      (1) 
 C2H5OH + 3O2  → 2CO2 + 3H2O                   (1) 

(iii)

(ii)
(i)

(ii)

(i)

(i)

(ii)

(i)
(ii)
(iii)

(c) (i)

(ii)

(d)

2 (a)   

 

the enthalpy change when 1 mol of a  compound    (1) 

 
 

 is formed from its elements in their standard states   (1) 

 
 

under standard conditions (may be quoted) (1) [3] 

C  +  O2  →  CO2   -395 

 S  +  O2  →  SO2   -298 

 

  CS2  +  3O2  →  CO2  +  2SO2  -1110 

 

 C  +  2S  →  CS2 ∆H  =  -395  +  2(-298)  -(-1110)  

            =  +119 kJ mol-1    

cycle (1) use of 2 for S/SO2  (1) answer  (1) [3] 

 

 

 

 

 

 

 

 

 3 (a)

(b)
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