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1 (a) (i) Mg + 2HCl    →   (MgCl2) + H2 

   formulae ; 
   balancing ; [2] 
 
  (ii) magnesium 
   X 
   copper ; [1] 
 
 
 (b) (i) solution turns blue to colourless / becomes fainter ; 
   brown deposit (of copper) (on metal X) ; [2] 
    
  (ii) X is less reactive than magnesium / magnesium is more reactive than X ; [1] 
 
 
 (c) (i) removal of oxygen / gain of electrons ; [1] 
 
  (ii) metal ions have a positive charge ; 
   cathode has a negative charge ; 
   opposite charges attract ; [max 2] 
 
    [Total 9] 
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2 (a) ecosystem ; [1] 
 
 
 (b) an organism that feeds on other organisms (to get its energy) ; [1] 
 
 

 (c) oak trees → beetles → blackbirds → hawks 

  OR 

  oak trees → greenfly → frogs → hawks ; 

  arrows correct ; [2] 
 
 
 (d) heat ;  
  respiration / movement / muscle contraction ; 
  not all food digested / edible ; 
  some creatures die before being eaten ; [max 2] 
 
 
 (e) carbon dioxide level increased ; 
  oxygen level decreased ; 
  less photosynthesis / more decomposition / more decay / animals produce  
  carbon dioxide by respiration ; [3] 
 
    [Total: 9] 
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3 (a) (i) lamp says it needs 3 V, so needs 2 × 1.5 V cells (owtte) ; 
   OR 
   the p.d. from one cell does not supply enough energy to light the lamp 

(owtte) ; 
   OR 
   requires the p.d. provided by two cells to supply enough energy to light the 

lamp (owtte) ; [1] 
 
  (ii) lamp takes current of 1.2 A (when lit) (owtte) ; [1] 
    

  (iii) R = V / I  ; 
   = 3 ÷ 1.2  =  2.5 ;  

   Ω ; [3] 
 
 

 (b) chemical → electrical ; 

  electrical → light and heat ; [2] 

 
 
 (c) (i) 

 
 
   incident ray in line with axis of torch, reflected off mirror, hitting wall ; 
   angle of incidence and angle of reflection reasonably equal on visual 

inspection ; [2] 
 
  (ii) speed of light much faster than eye / brain can detect change (owtte) ; [1] 
 
    [Total: 10] 

wall mirror
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4 (a) (i) fractional distillation / fractionation ; [1] 
 
  (ii) the lower the boiling point, the higher up the tower it condenses / the higher 

the boiling point the lower in tower ; [1] 
 
  (iii) the longer the molecule the higher the boiling point ; 
   longer molecules exert greater intermolecular force ; [2] 
 
 
 (b) (increased CO2) traps more solar energy by the greenhouse effect ; 
  leading to global warming ; 
  resulting in environmental / climate changes / weather changes / flooding / 
  increase in sea level ; [max 2] 
 
 
 (c) (i)  

    
 
   two carbons and six hydrogens ; 
   correct structure ; [2] 
 
 (ii)  double bond / unsaturation present in (the) smaller molecules ; 
   double bond is reactive / can (partially) break / can undergo (a variety of) 

addition reactions ; 
   only strong single bonds present in methane and ethane ; [max 2] 
 
    [Total 10] 
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5 (a) (i) electrical (energy)    →    sound (energy) ; [1] 

 
  (ii) notes lie within normal range  20 Hz – 20,000 Hz  ; [1] 
 
 
 (b) (i) PE  =  mgh ; 

   = 50 × 10 × 2 = 1000 (J) ; [2] 
 
  (ii) K) = ½ mv2 ; 

   = ½ x 50 × 0.5 × 0.5 = 6.25 (J) ; [2] 
    
 
 (c) infra-red ; 
  in box between visible light and microwaves ; [2] 
    
 
    [Total 8] 
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6 (a) (i) zygote / one of the ball of cells ; [1] 
 
  (ii) into uterus ; 
   implants / embed) in wall / lining ; [2] 
    
 
 (b) (i) contains antibodies / available when needed / 
   no sterilisation of bottles / bonding / cheaper / correct temperature / avp ; [1] 
    
  (ii) can use if mother does not have enough milk / 
   can get someone else to feed baby / can feed in public / avp ; [1] 
    
 
 (c) (i) total mass of protein + fat + carbohydrate = 12.6 g ; 
   mass of water = 100 – 12.6 = 87.4 g ; [2] 
    

  (ii) (energy released by fat) = 3.8 × 37 = 140.6 (kJ) ; 

   (energy released by carbohydrate) =  7.6 × 16 = 121.6 (kJ) ; 
    
   fat releases (19 kJ)  more energy ; [max 3] 
 
    [Total 10] 
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7 (a) one shared pair of electrons ; 
  three lone / non-bonding pairs on both atoms ; [2] 
 
 
 (b) any suitable pale colour AND gas ; [1] 
  
   
 (c) yellow / orange colouration ; 
  displacement of bromine / chlorine is more reactive than bromine ; [2] 
 
 
 (d) (i) (name) 
   practical use ; [1] 
 
  (ii) lack of reactivity ; 
   due to full outer electron shells ; [2] 
    
    [Total 8] 
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8 (a) (i) touching in liquid ; 
   during evaporation becoming far apart ; 
   and becoming mixed with air molecules / leaving body of liquid ; [max 2] 
 
  (ii) molecules in hot air collides with molecules in cooled water surface ; 
   molecules in air slow down, so temperature drops / energy transferred from 

hot air molecules to cool water molecules / (owtte) ; [ 2] 
 
 
 (b) heating effect by radiation – infra-red ; 
  white surfaces good reflector / bad absorber of radiation / infra-red ; [2] 
   
 
 (c) (i) vibrations from fan (hit molecules in air) produce compressions and 

rarefactions / pressure waves in air ; [1] 
 
  (ii) compressions and rarefactions / pressure waves / sound waves travel in air 

(to ear) ; [1] 
 
    [Total 8] 
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9 (a) blood passes through the heart twice (for each time around the body) ; [1] 
    
 
 (b) (i) right ; 
   pulmonary artery ; [2] 
 
  (ii) higher at Q than P (ora) ; 
   blood at Q has to go around body / blood at P only has to go to the lungs ; [2] 
    
 
 (c) (i) oxygen ; [1] 
 
  (ii) glucose ; 
   amino acid ; 
   fatty acid / glycerol ; 
   named vitamin ; 
   named mineral ; 
   water ; 
   carbon dioxide ; [max2] 
 
    [Total 8] 
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1 (a) (i) (speed =) distance / time ; 

    R 5 / 0.2 R 25 (m / s) ;  [2] 
 

  (ii) 25 m / s R 25 × 3600 m / h (R90 000 m / h) ; 

    R90 km / h (which breaks the 80 km / h speed limit) ;  [2] 
 
 

 (b)  (i)  KE R ½ mv2 ; 

    R ½ × 1600 × 10 × 10 R 80 000 (J) ;  [2] 
 
  (ii) energy conservation indicated ; 
    conversion to other forms of energy (mainly to heat) ;  [2] 
 
 

 (c) (v R) f  λ ; 

  R 200 × 1.6 R 320 (m / s) ;  [2] 
 
     [Total: 10] 
 
 

2 (a) O2 

/ (allow oxygen if no balancing attempted) ; 
  6 in front of CO2  and O2 ;  [2] 
 
 
 (b) (i) aids buoyancy / helps it to float ; [1] 
 
  (ii) root hairs (increase surface area to) absorb (more) water / mineral ions ; 
    (not needed as) roots immersed in / surrounded by water;  [2] 
 
 
 (c) (i) would die / not thrive due to lack of light / reduced photosynthesis ; [1] 
 
  (ii) would decrease ; 
    due to respiration of bacteria (feeding on dead plants) / reduced photosynthesis of 

submerged plants so less oxygen released ;  [2] 
 
  (iii) would suffocate / die due to lack of oxygen ; [1] 
 
     [Total: 9] 
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3 (a) brass is less malleable than copper / ora ; 
  structure / pattern is disrupted ; 
  more difficult for (layers of) atoms to slide over each other ; [max 2] 
 
 
 (b) (i) salt ; [1] 
 

  (ii) CuO N 2HCl →CuCl 2 N H2O 
    formulae ; 
    balancing (consequential on correct formulae) ;  [2] 
 
 
 (c) Cu2O ; 
  clear reference to the need for balance of ionic charges ;  [2]  
 
     [Total: 7] 
 
 
4 (a) (i) running ; 
    89 ;  [2] 
 
  (ii) the pulse (rate) increases as activity increases ; [1] 
 
 
 (b) respiration ; 
  glucose ; 
  carbon dioxide ; 
  faster ;  [4] 
 
     [Total: 7] 
 
 
5 (a) (i) elements become less metallic (from Group 1 to 0 / left to right) ; [1] 
 
  (ii) metallic atoms have fewer outer / valence electrons / owtte ; [1] 
 
 
 (b) (i) any value in the range 20 to 55 °C ; 
    more vigorous reaction than potassium in water / explosion ;  [2] 
 
  (ii) melting points decrease down the Table / Group ; 
   reaction becomes more vigorous down the Table / Group ; [2] 
 
 
 (c) (i) eight electrons in outer shell of sodium ion ; 
   eight electrons in outer shell of chloride ion ; [2]  
 
  (ii) sodium atom loses an electron ; 
    chlorine atom gains an electron ;  [2] 
    ([max 1] if atom not given at least once) 
 
  (iii) (strong) force of attraction between positive and negative ions ; [1] 
 
     [Total 11] 
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6 (a) the transfer of pollen from anther to stigma ;  [1] 
  
 
 (b) (i) large / feathery / large surface area (to collect pollen) ;  [1] 
 
  (ii) hanging out of flower (to release pollen into air) ; [1] 
 
 
 (c) (X) 
  sculptured / rough surface to stick to insect’s body ;  [1] 
    
     [Total: 4] 
 
 
7 (a)  

   
  
  complete circuit and two lamp symbols ; 
  correct parallel arrangement ;  [2] 
 
 (b) electrical energy, light energy ; (both required, in this order)  [1] 
 
 

 (c) (i) (power R) V × I ; 

   R 3 × 0.6 R 1.8 ; W / watts ; [3] 
 
  (ii) lamps are dimmer ; 
    p.d. / voltage across each bulb now only 1.5 V / half ; 
    current through each lamp is reduced ; 
    one lamp breaks the other goes out ; [max 2] 
 
     [Total: 8] 
 

+ –

photovoltaic cell

two-way switch
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8 (a) pH increases (as contents become less acidic) ; 
  reference to the neutralisation reaction ;  [2] 
 
 
 (b) (i) (gas) syringe / measuring cylinder inverted in trough of water in a practical arrangement ; 
   measuring apparatus labelled ; 
   calibration indicated ; [max 2] 
 
  (ii) rate of reaction decreases ; 
    (because) concentration of acid / surface area / size of tablet decreases ; 
    reaction goes to completion (when graph is horizontal) ; 
    (because) a reactant is used up ; [max 2] 
 
  (iii) steeper initial gradient ; 
    same final volume ;  [2] 
 
     [Total: 8] 
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9 (a) (i) molecules in gas (bubbles) too far apart to transmit by vibrating against each 
other / owtte ; [1] 

 
  (ii) prevents (heat loss by) convection (of air in the gap) ; [1] 
 
 
 (b) a time in the range 05.00 to 06.00 ; [1] 
 
 
 (c) white ; 
  poor emitter of radiant energy ; [2] 
 
 
 (d) (i) 
  

    
 

   any direct ray N ray reflected from mirror to solar panel (both required) ; 

   angle of incidence R angle of reflection ; [2] 
  
  (ii)  

gamma rays  ultra-violet visible light infra-red microwave  

 
   infra-red in correct place ; 
   visible in correct place ; [2] 
   ([max 1] if positions reversed) 
  
    [Total: 9] 
 

solar panels

mirror

Sun
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10 (a) a protein ; 
  that functions as a (biological) catalyst ;  [2] 
 
 
 (b) 46 ± 1 °C ;  [1] 
 
 
 (c) (i) rate increases ; 
    enzyme and substrate have more kinetic energy / molecules move faster ; 
    more frequent collisions (between enzyme and substrate) ; max [2] 
 
  (ii) rate decreases ; 
    enzyme becomes denatured ; 
    substrate no longer fits active site / owtte ; max[2] 
 
     [Total: 7] 
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1 (a) (i) Mg + 2HCl    →   (MgCl2) + H2 

   formulae ; 
   balancing ; [2] 
 
  (ii) magnesium 
   X 
   copper ; [1] 
 
 
 (b) (i) solution turns blue to colourless / becomes fainter ; 
   brown deposit (of copper) (on metal X) ; [2] 
    
  (ii) X is less reactive than magnesium / magnesium is more reactive than X ; [1] 
 
 
 (c) (i) removal of oxygen / gain of electrons ; [1] 
 
  (ii) metal ions have a positive charge ; 
   cathode has a negative charge ; 
   opposite charges attract ; [max 2] 
 
    [Total 9] 
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2 (a) ecosystem ; [1] 
 
 
 (b) an organism that feeds on other organisms (to get its energy) ; [1] 
 
 

 (c) oak trees → beetles → blackbirds → hawks 

  OR 

  oak trees → greenfly → frogs → hawks ; 

  arrows correct ; [2] 
 
 
 (d) heat ;  
  respiration / movement / muscle contraction ; 
  not all food digested / edible ; 
  some creatures die before being eaten ; [max 2] 
 
 
 (e) carbon dioxide level increased ; 
  oxygen level decreased ; 
  less photosynthesis / more decomposition / more decay / animals produce  
  carbon dioxide by respiration ; [3] 
 
    [Total: 9] 
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3 (a) (i) lamp says it needs 3 V, so needs 2 × 1.5 V cells (owtte) ; 
   OR 
   the p.d. from one cell does not supply enough energy to light the lamp 

(owtte) ; 
   OR 
   requires the p.d. provided by two cells to supply enough energy to light the 

lamp (owtte) ; [1] 
 
  (ii) lamp takes current of 1.2 A (when lit) (owtte) ; [1] 
    

  (iii) R = V / I  ; 
   = 3 ÷ 1.2  =  2.5 ;  

   Ω ; [3] 
 
 

 (b) chemical → electrical ; 

  electrical → light and heat ; [2] 

 
 
 (c) (i) 

 
 
   incident ray in line with axis of torch, reflected off mirror, hitting wall ; 
   angle of incidence and angle of reflection reasonably equal on visual 

inspection ; [2] 
 
  (ii) speed of light much faster than eye / brain can detect change (owtte) ; [1] 
 
    [Total: 10] 

wall mirror
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4 (a) (i) fractional distillation / fractionation ; [1] 
 
  (ii) the lower the boiling point, the higher up the tower it condenses / the higher 

the boiling point the lower in tower ; [1] 
 
  (iii) the longer the molecule the higher the boiling point ; 
   longer molecules exert greater intermolecular force ; [2] 
 
 
 (b) (increased CO2) traps more solar energy by the greenhouse effect ; 
  leading to global warming ; 
  resulting in environmental / climate changes / weather changes / flooding / 
  increase in sea level ; [max 2] 
 
 
 (c) (i)  

    
 
   two carbons and six hydrogens ; 
   correct structure ; [2] 
 
 (ii)  double bond / unsaturation present in (the) smaller molecules ; 
   double bond is reactive / can (partially) break / can undergo (a variety of) 

addition reactions ; 
   only strong single bonds present in methane and ethane ; [max 2] 
 
    [Total 10] 
 

H C

H

H

C
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H
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5 (a) (i) electrical (energy)    →    sound (energy) ; [1] 

 
  (ii) notes lie within normal range  20 Hz – 20,000 Hz  ; [1] 
 
 
 (b) (i) PE  =  mgh ; 

   = 50 × 10 × 2 = 1000 (J) ; [2] 
 
  (ii) K) = ½ mv2 ; 

   = ½ x 50 × 0.5 × 0.5 = 6.25 (J) ; [2] 
    
 
 (c) infra-red ; 
  in box between visible light and microwaves ; [2] 
    
 
    [Total 8] 
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6 (a) (i) zygote / one of the ball of cells ; [1] 
 
  (ii) into uterus ; 
   implants / embed) in wall / lining ; [2] 
    
 
 (b) (i) contains antibodies / available when needed / 
   no sterilisation of bottles / bonding / cheaper / correct temperature / avp ; [1] 
    
  (ii) can use if mother does not have enough milk / 
   can get someone else to feed baby / can feed in public / avp ; [1] 
    
 
 (c) (i) total mass of protein + fat + carbohydrate = 12.6 g ; 
   mass of water = 100 – 12.6 = 87.4 g ; [2] 
    

  (ii) (energy released by fat) = 3.8 × 37 = 140.6 (kJ) ; 

   (energy released by carbohydrate) =  7.6 × 16 = 121.6 (kJ) ; 
    
   fat releases (19 kJ)  more energy ; [max 3] 
 
    [Total 10] 
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7 (a) one shared pair of electrons ; 
  three lone / non-bonding pairs on both atoms ; [2] 
 
 
 (b) any suitable pale colour AND gas ; [1] 
  
   
 (c) yellow / orange colouration ; 
  displacement of bromine / chlorine is more reactive than bromine ; [2] 
 
 
 (d) (i) (name) 
   practical use ; [1] 
 
  (ii) lack of reactivity ; 
   due to full outer electron shells ; [2] 
    
    [Total 8] 
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8 (a) (i) touching in liquid ; 
   during evaporation becoming far apart ; 
   and becoming mixed with air molecules / leaving body of liquid ; [max 2] 
 
  (ii) molecules in hot air collides with molecules in cooled water surface ; 
   molecules in air slow down, so temperature drops / energy transferred from 

hot air molecules to cool water molecules / (owtte) ; [ 2] 
 
 
 (b) heating effect by radiation – infra-red ; 
  white surfaces good reflector / bad absorber of radiation / infra-red ; [2] 
   
 
 (c) (i) vibrations from fan (hit molecules in air) produce compressions and 

rarefactions / pressure waves in air ; [1] 
 
  (ii) compressions and rarefactions / pressure waves / sound waves travel in air 

(to ear) ; [1] 
 
    [Total 8] 
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9 (a) blood passes through the heart twice (for each time around the body) ; [1] 
    
 
 (b) (i) right ; 
   pulmonary artery ; [2] 
 
  (ii) higher at Q than P (ora) ; 
   blood at Q has to go around body / blood at P only has to go to the lungs ; [2] 
    
 
 (c) (i) oxygen ; [1] 
 
  (ii) glucose ; 
   amino acid ; 
   fatty acid / glycerol ; 
   named vitamin ; 
   named mineral ; 
   water ; 
   carbon dioxide ; [max2] 
 
    [Total 8] 
 


