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Question 1 

Data: Assume that the molar gas volume   24.0 dm3
 mol–1 at room temperature and pressure (rtp). 

a) When lithium metal and hydrogen gas are heated together, a single substance, A, is formed as
colourless crystals with a melting point of 688 °C. Molten A conducts electricity, and electrolysis
of the molten substance re-forms the elements.

(i) Give an equation for the formation of A.
[1 mark] 

Answer: ……………    2Li(m) + H2(g) → 2LiH(s) (A)    …………………………………………. 

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

(ii) Classify the structure of A as either molecular covalent, giant covalent, or ionic. Briefly
justify your answer.

[2 marks] 

Answer: ………… ionic because (1) high melting point and (2) conducts on melting …………. 

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

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

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

(iii)  During the electrolysis of molten A, which element appears at the positive electrode (the
anode) and which appears at the negative electrode (the cathode)?

[1 mark] 

Answer: ……… anode = oxidation: H2 appears ……………. 

………………… cathode = reduction: Li appears ……………………………………………………. 

b) Substance A reacts with aluminium chloride to form lithium aluminium hydride (LiAlH4) and one
other by-product.

Give a balanced chemical equation for the formation of lithium aluminium hydride from A and
aluminium chloride.

[2 marks] 

Answer: …………………………………………………………………………………………………………. 

…………………   4LiH(s) + AlCl3(s) → LiAlH4(s) + 3LiCl(s) ……………………. 

……………………   A    ………………………………………………………………………………………. 

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

Chemistry
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c) When 3.8 g of lithium aluminium hydride is heated to 125 °C, it decomposes to give three
substances: 1.8 g of aluminium metal, 2.4 dm3 of a flammable gas (measured at rtp), and
substance B.

Determine the formula for substance B.
[5 marks] 

Answer: 2.4 dm3 of gas at rtp corresponds to 2.4/24.0 = 0.10 mol of the gas ……………. 

………Mr(LiAlH4) = 6.94 + 26.98 + 4  1.008 = 37.952 g mol−1  ……… 

……   3.8 g of LiAlH4 corresponds to 3.8/37.952 = 0.10 mol ……………………………. 

………1.8 g of Al corresponds to 1.8/26.98 = 0.067 mol …………………………………. 

……… flammable gas likely to be H2 ………………………………………. 

……… 3LiAlH4(s) → 2Al(m) + 3H2 + Li3AlH6  ………………………………. 

…………1 mol ……  2/3 mol ..1 mol…B ……………………………………………………………. 

d) Lithium aluminium deuteride can be prepared if deuterium gas is used in place of normal
hydrogen. Deuterium, often give the symbol D, is the non-radioactive isotope of hydrogen,
i.e. D   2H. The formula for lithium aluminium deuteride can be written LiAlD4. Both LiAlH4 and
LiAlD4 are common reducing agents and the latter is useful for preparing deuterium-containing
compounds.

 Isomers of mono-deuterated propane, X and Y, may be prepared from propene according to the 
following scheme which also uses hydrogen chloride, HCl, and deuterium chloride, DCl.  In the
scheme, only the carbon-containing compounds are shown; other by-products are not. 

Give the structures of X and Y and the intermediates Q and R formed during the syntheses. 
[4 marks] 

Answer: ………………. 

…
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e) 2,2-dideuterated propane may be prepared easily in two steps, from a mono-deuterated
propene, Z. (The formula for Z is C3H5D.)

(i) Draw the structures of all the alkenes with formula C3H5D.
[2 marks] 

Answer: …… 

………. 

(ii) Give a synthesis of 2,2-dideuterated propane starting from Z showing reagents and
intermediates in each step.

[3 marks] 

Answer: …………………………………………………………………………………………………………. 

……… …………. 

……………………………………………………………………………………………………………………. 
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Question 2 

Read the preamble carefully before proceeding to answer the question. 

In their solid (crystalline) form many inorganic salts (such as NaCl or MgF2) can be thought of as 
consisting of a giant lattice in which positive ions (e.g. Na+, Mg2+) and negative ions (e.g. Cl−, F−) are
arranged in a regular pattern, called a lattice. The ions are held together by electrostatic forces 
arising from the favourable interactions between ions of opposite charge. 

The lattice enthalpy is the enthalpy change for a process in which the solid material is formed from 
ions in the gas phase. For NaCl(s) this is the process

Na+(g)     Cl−(g)     NaCl(s)

and for MgF2 the process is 

Mg2+(g)     2F−(g)     MgF2(s) 

The lattice enthalpy is invariably large and negative. 

The lattice enthalpy in kJ mol−1 can be estimated using the following expression 









rr

zznions
5101.07 Equation 1 

In this expression, r is the radius of the positive ion, in pm (1 pm  10−12 m), and r is the radius of 
the negative ion, also given in pm. 

nions is the number of ions in the formula unit; for example, for NaCl nions 2, but for MgF2 nions  3.

z is the charge number on the positive ion; for example for Na+ it is 1, but for Mg2+ it is 2. z is 
likewise the absolute value of the charge number on the negative ion: for Cl− it is 1 (not 1).

a) Use Equation 1 to calculate the lattice enthalpy for CuF2 given the following data:

r  73 pm,  r  133 pm 
[3 marks] 

Answer: …………………………………………………………………………………………………………. 

……………  1
5

mol kJ 3120
13373

123101.07 



…………………………. 

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

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

……………………………………………………………………………………………………………………. 
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b) Use Equation 1 to calculate the lattice enthalpy for CuF3 given the following data:

r  54 pm,  r  133 pm 
[3 marks] 

Answer: …………………………………………………………………………………………………………. 

………………… 1
5

mol kJ 6870
13354

134101.07 


 ………………………………. 

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

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

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

c) Calculated values of the lattice enthalpy can be used to estimate the enthalpy change of
hypothetical reactions, such as

CuF2(s)   (g)F22
1     CuF3(s) Equation 2 

Determine the oxidation state of copper in each of the species and hence classify what kind of 
reaction this is. 

[3 marks] 

Answer: …………………………………………………………………………………………………………. 

……………CuF2: assume F = −1, so Cu is +2 (as species neutral) …………………………. 

………… CuF3: assume F = −1, so Cu is +3 (as species neutral)………………………………………. 

…………This is a redox reaction……………………………. 

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

……………………………………………………………………………………………………………………. 
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d) The enthalpy change for the reaction in Equation 2 can be calculated using the following Hess’s
Law cycle.

Using your results from parts a) and b), and given the following enthalpy changes below 

F2(g)     2e−     2F−(g) ΔH    540 kJ mol−1 
Cu2+(g)     Cu3+(g)     e− ΔH    3555 kJ mol−1 

calculate the enthalpy change for: 

CuF2(s)   (g)F22
1      CuF3(s) 

[5 marks] 

Answer: … 

…

…Required value is 3120 + 3555 – (1/2) 540 – 6870 = – 465 kJ mol−1…. 

10



e) Use the data given below to calculate the enthalpy change for the following reaction (M is an
unspecified metallic element).

2MF2(s)     MF3(s)     MF(s) 

You may find it helpful to start by constructing an appropriate Hess’s Law cycle. 

MF2(s)     M2+(g)     2F−(g) ΔH    3000 kJ mol−1 
MF3(s)     M3+(g)     3F−(g) ΔH    7000 kJ mol−1 
MF(s)     M+(g)     F−(g) ΔH    1000 kJ mol−1 
M+(g)     M2+(g)     e− ΔH    2000 kJ mol−1 

M2+(g)     M3+(g)     e− ΔH    3000 kJ mol−1 

[6 marks] 

Answer: …………………………………………………………………………………………………………. 

……………
………………. 

 Required value is 2  3000 + 3000  – 2000 – 7000 – 1000 = – 1000 kJ mol−1………………………. 
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Biology 

Question B1 

a) Identify the types of cells that can be seen in Fig. (i) and (ii). [2 marks] 

Fig. (i) Fig. (ii) 

           20 μm          0.5 μm 

Answer:  

(i) (XNDU\ote ���2 PDUN�� 3ODnt ceOO �� PDUN�

(ii) 3UoNDU\ote ���2 PDUN��  %DcteUiXP �� PDU..

b) Why was an electron microscope used to create these images? [1 mark] 

Answer: 7Ke VtUXctXUDO IeDtXUeV DUe to VPDOO to Vee ZitK tKe nDNeG e\e� EXt eOectUon  

PicUoVcoSeV JiYe JUeDteU UeVoOXtion oI VPDOOeU oEMectV �onO\ ��2 PDUN JiYen iI UeVoOXtion iV 

not PentioneG� 

………………………………………………………………………………………………………… 
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c) Assume that the scale bar below each image is 3 cm long.

Estimate the magnification of each image. [2 marks] 

Answer: 

(i) ..........     �����[

………………………………………………………………………………………………………… 

(ii)   ����������   ������[

………………………………………………………………………………………………………… 

d) Discuss the evolutionary order of appearance of the mitochondrion, chloroplast and ribosome,
explaining your reasoning. [3 marks] 

Answer: 5iEoVoPe� 0itocKonGUion� &KOoUoSODVt �� PDUN�

7Ke oUGeU cDn Ee inIeUUeG E\ ZKicK oUJDniVPV KDYe tKeP� $OO ceOOXODU oUJDniVPV KDYe

UiEoVoPeV� onO\ (XNDU\oteV KDYe 0itocKonGUiD� DnG onO\ SODntV KDYe cKOoUoSODVtV� 

�2 PDUNV�
……………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

e) Estimate the percentage of the volume of the cell that the nucleus takes up in Fig. (i), assuming
that the cell can be approximated as a cube and the nucleus as a sphere.

(The volume of a sphere is  43 Sr 
3 where r is the radius of the sphere.)   [2 marks] 

Answer: StXGentV VKoXOG VKoZ DSSUoSUiDte ZoUNinJ� EXt Go not DctXDOO\ neeG to conYeUt 

YDOXeV into tKe UeDO PeDVXUePentV  �� PDUN�

………………………………………………………………………………………………………… 

 $nVZeU cDn Ee EetZeen �� DnG 2�� �� PDUN�

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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f) Discuss how differences in the structure of the cells shown in Fig. (i) and (ii) affect the locations
of different processes within these cells. [10 marks] 

Answer: 

 StXGentV VKoXOG VtDte tKDt in eXNDU\oteV�

 $eUoEic UeVSiUDtion occXUV in 0itocKonGUiD �� PDUN�

 3KotoV\ntKeViV occXUV in &KOoUoSODVtV �� PDUN�

 '1$ UeSOicDtion occXUV in tKe 1XcOeXV �� PDUN�

 7Ke\ VKoXOG VtDte tKDt in EDcteUiD� 

 5eVSiUDtion DnG SKotoV\ntKeViV tDNe SODce on tKe e[teUnDO PePEUDne �� PDUN�

 '1$ UeSOicDtion occXUV in tKe c\toSODVP �� PDUN�

 )XUtKeU PDUNV �XS to �� DUe DYDiODEOe IoU PoUe DGYDnceG DUJXPentV� VXcK DV�

� .noZinJ tKDt JO\coO\ViV occXUV in tKe c\toSODVP oI EotK ceOOV

� ,GentiI\inJ tKDt eXNDU\oteV KDYe PoUe PePEUDneV�S$ IoU UeDctionV

� ,GentiI\inJ tKDt coPSDUtPentDOiVDtion DOOoZV SK\VicDO EoXnGDUieV IoU UeDctionV

� ,GentiI\inJ tKDt coPSDUtPentDOiVDtion cUeDteV PicUo�enYiUonPentV

� 3DUticXODUO\ DGYDnceG DccoXntV oI ZKeUe ceOOXODU SUoceVVeV occXU �e�J PeioViV�

� 'etDiOV oI otKeU ceOOXODU coPSDUtPentV �e�J  SeUo[iVoPeV� O\VoVoPeV� tKe (5� *oOJi�

� 3DUticXODUO\ GiUect coPSDUiVonV EetZeen tKe tZo ceOOV

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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Question B2 

a) From the following list of organisms identify one that can reproduce itself (i) without using mitosis
or meiosis, and (ii) using either mitosis alone or meiosis.

1 Homo sapiens 

2 Fragaria ananassa (strawberry) 

3 Escherichia coli 
[2 marks] 

Answer: 

(i) E. coli �� PDUN�
(ii) F. ananassa �� PDUN�

b) For the processes of mitosis and meiosis, draw separate line graphs to show how the relative
amount of DNA in a single healthy dividing cell changes with time.

You should label the axes on the graphs.

(Assume that no mutations occur.) [3 marks] 

Answer: 

)iJXUeV cDn YDU\ VOiJKtO\� EXt VKoXOG KDYe�

$[eV ZitK tiPe DnG UeODtiYe DPoXnt oI '1$ �� PDUN�

$ cOeDU GoXEOinJ DnG KDOYinJ oI tKe DPoXnt oI '1$ in 0itoViV �� PDUN�

$ cOeDU VeconG UoXnG oI KDOYinJ in 0eioViV �� PDUN�

15



© UCLES 2017

c) Calculate how many possible combinations of chromosomes could be produced in each gamete
during sexual reproduction in humans (assuming no recombination). [2 marks] 

Answer: 22�   ������� �eitKeU ZiOO Go�

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

d) A female has a recessive disease-causing allele on one of her non-sex-determining
chromosomes. She mates with a male with the same disease-causing allele on one of his
chromosomes. They have one child. Assuming that no mutations occur, what is the probability
that:

(i) this child will have the disease? [1 mark] 

Answer: ��� �� PDUN� 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

(ii) this child is male and does not have the disease? [2 marks] 

Answer: ��� �2 PDUNV�

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 

………………………………………………………………………………………………………… 
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e) Discuss:

(i) how different mechanisms of reproduction affect the levels of variation in the next
generation;

(ii) how variation affects the likelihood of survival in a changing environment.
[10 marks] 

Answer: 

 StXGentV VKoXOG�

�� StDte tKDt $Ve[XDO oUJDniVPV SUoGXce cOoneV ZitK OittOe YDUiDtion �� PDUN�

2� StDte tKDt Se[XDO oUJDniVPV KDYe incUeDVeG YDUiDtion in oIIVSUinJ �� PDUN�

�� ([SODin one ZD\ in ZKicK YDUiDtion iV JeneUDteG E\ Ve[ �e�J inGeSenGent DVVoUtPent�

UecoPEinDtion� UDnGoP IeUtiOiVDtion etc� �� PDUN�

�� StDte D IDctoU tKDt inIOXenceV YDUiDtion in EotK UeSUoGXctiYe t\SeV �enYiUonPent� PXtDtion�

�� PDUN�

�� StDte tKDt YDUiDtion OeDGV to GiIIeUentiDO VXUYiYDO DnG tKoVe EeVt DGDSteG VXUYiYe �� PDUN�

 )XUtKeU PDUNV �XS to �� DUe DYDiODEOe IoU PoUe DGYDnceG DUJXPentV� VXcK DV�

� 2XtOininJ PoUe tKDn one ZD\ in ZKicK YDUiDtion iV JeneUDteG in Ve[XDO oUJDniVPV

� ([SODininJ KoZ YDUiDtion cDn Ee JeneUDteG in Dn DVe[XDO oUJDniVP �e�J enYiUonPent�

conMXJDtion�

� *iYinJ VSeciIic e[DPSOeV oI eitKeU t\Se oI UeSUoGXction�

� 5eIeUUinJ to tKe JeneticV oI YDUiDtion �e�J� PenGeOiDn JeneticV� SoO\Jenic V\VtePV�

� ([SODininJ tKDt Ve[XDO oUJDniVPV PD\ Ee PoUe SUone to e[tinction EecDXVe tKe\ cDnnot

DGDSt TXicNO\ enoXJK�

� *iYinJ D SDUticXODUO\ GetDiOeG DccoXnt oI nDtXUDO VeOection

� *iYinJ D VSeciIic e[DPSOe oI ZKeUe VeOection DctV XSon YDUiDtion
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