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(c) (i) 
3 marks 

Define "lattice energy" ------------------------------------------------------------------ 

Reaction t:.Hr/J(KJ) 

Na(s) � Na(g) +109 

Cl2(g) � 2Clcg) +243 

Na(g) � Na(g) + e- +496 

Cl(g) + e- � Cl(g) -3'1·9 

Naes)+ liz Cl2(g) � NaClcs) -411 

(ii) Draw the Bond-Haber cycle for NaCl and use the data below to calculate its lattice 
energy. 

------------�--------------------------------------------------------------------------------------- 

--::r;;·· '::·} .. , . .  •· !�· - . -- ·  · ,  .. 
v-, ,·· -,,.•y._;.;. - ' IO marks 

........ 

(d) A student measuring standard electrode potentials had the following set up in which 
he connected a half-cell -to a standard hydrogen electrode. 

Voltmeter 

. .  

H2(g) at 1 atm 
salt bridge 

M----Tin electrode 

+----6olution containing 
2 " 

Sn \aq) 
(i) Name the solution which could be used in the left-hand beaker--------------------------- 
------�---------------------------------------------------------------------------------------------------- 

(ii) Suggest a solution that is suitable for the salt bridge ----------------------------------------- 

(iii) Write the cell diagram for the arrangement above. ------------------------------------------- 

3 marks 
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SET 9 :  SECTION A (CGCEB 2017) 

General and Physical Chemistry 

1 .  a) What is: 
i) A standard solution? ----. ---------------. ----------------------------- · ----------------------- 

- 

-------------------- 

ii) A reduction-oxidation (redox) reaction? 
b) A standard solution of hydrated Iron(II) sulphate, FeS04. xH20, was prepared by dissolving 

5.8 g of the salt in a volumetric flask and making it up to 250 ml (250 crrr'). (25 ml (25 cm") 
of this solution was acidified and found to react exactly with 22.8 cm3 (22.8 ml), of 0.018M 
potassium permanganate solution. The half-equations for the reaction are: 

MnO(aq) + 8Htaq) -> Mn(;q) + 4H20 
F 2+ F 3+ + - · 

e(aq) -> e(aq) e 

i) What is the indicator for the titration of a solution of iron (II) sulphate and potassium 
permanganate solution?------------------�--------------------------------------------------------- 

.  .  . 

----------------------------------------- 

ii) Indicate the colour at the end point if the permanganate is in the burette. ---------------- 

-----------.�. ---------------------------------------------------------------------------- .------------ 
_,, . "'"·.•"I,,,...... ' . . . .. .  -  �  �: ' . 

------------------------------------ 

iii) Why is it necessary to acidify the iron (II) solution before titration? ---------------------- 

----�---- , ----------------------------------------------------------------------------- 

���------------------------------ 

(3 marks) 
c) The net ionic equation for the reaction is as shown below. 

Calculate: 

i) The concentration (mol drrr') of the iron(II) salt. ----�"· .. m---------------------------------------- 

ii) The number of moles of the salt in 250 cm3 (250 ml) of solution. -----------�----------e------- 

iii) The molar mass of the salt. -------------------------------------------------------------------------- 

iv) The value of x, the number of molecules of water of crystallization. ----·"·------------------- 

d) i) What do you understand by bond energy term? -------------------------------------------------- 

ii) Use the following data to calculate the C-H and C-C bond energies. 
C2H6(g) -> 2C(g) + 6H(g) LiH = 2824 klmol"! 
C3Ha(g) -> 3C(g) + 8Hcg) LiH = 3996 klmol"" 
e) i) Draw the shape of a molecule ofa named (or species) which has the bond angle indicated. 

A. 109 .50° 

. .  9 1  

... 
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B. 120° 
c. 105° 

ii) Explain the differences in shapes between the molecules of A and B above.------------------ 

--------- (5 marks) 
f) Give two conditions necessary for the formation of a dative bond. -----------------------------'- 

(1 mark) 
(Total: 20 marks) 

2 (a) A mixture-of ethanol (bp. 78.5°C) and water (bp. 100°C) shows a positive deviation from 
Raoult's law and forms an azeotropic mixture of boiling point 78.2°C at a composition of96% 
ethanol. 

i) State llaotilt's law?---------------·-------------------------------------------------------------------- 

ii) What is an azeotropic mixture? 

----�----���---------------------------------------------------------------------------------------- ·�· ,•, . . . . .  

iii) Draw a well-labelled diagram of the boiling point against composition of water-ethanol 

�.;. .. :..: . . . .  ,.,. 

-------.---------------------------------------------------------------------------------------------------- 

---------------------------------------------------------------------------------------- 

(4 marks) 

b) A mixture of sodium ethanoate and ethanoic acid serves as a buffer. 
i) What is a buffer solution? 

ii) By means of equations show how the buffer solution above acts on addition of small 
amounts of: 

A: Potassium hydroxide solution. 

B; Hydrochloric acid. 

iii) Calculate the mass of sodium ethanoate which must be dissolved in 1 dm3 of O. lM ethanoic 
acid to produce a solution with a pH of 5.5 at 298 K, Ka(CH3COOH) = 1 .8  x  1  o·5mol dm'". 

Assume that there is no volume change on dissolving the salt. 

.• · 92 
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(6 marks) 
c) Hydrogen peroxide decomposes according to the equation, 

2H202(aq) � H20cl) + 02(g) 

i) Give TWO measurable quantities that could be used to monitor the rate of the 
reaction. 

------------------- -- ------------------------------------------------------------------------------------------ 

ii) Which of the quantities of a (i) above is more suitable? 

iii) How would this quantity be measured? 

(5 marks) 
(d) The mass spectrometer is used to determine the relative atomic mass of an element. 
i) Explain the term "relative atomic mass" . 

. , . 

. -. .i, , �  

--- .-------------------------------------------------------------------------------- 
ii) Briefly explain the process by which a sample of an element is ionized. 

·�� ........... ��---------------------------------------------------------------------- 

iii) Give two reasons why particles must be ionized before being analyzed. 

---------------------�-----------·-----� 

5 marks 

SET 10 : SECTION A (CGCEB 2018) 

General and Physical Chemistry 

1 .  This question is on the mole concept, bonding, equilibria and energetics. 

( a) Define a "mole of a substance" ---------------------------------------------------------------------- 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 1  mk 

(b) 25 cm3 of a 0.005 moldm" solution of hydrated sodium thiosulphate(Na2S20J.5Hz0) was 
mixed with 25 cm3 of a 0.05 moldm? iodine solution and allowed to react. The balanced 
equation: 

(i) Calculate the number of moles of sodium thiosulphate that was mixed.------------------------ 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2  mks 

· . .  93 
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(ii) Determine the limiting reagent, --------:.------------------------------------------------------------- 
------------------------------------------------------------------------------�--------------------------------� 
-------------------------------------------------------------------------------------------------------2 n1ks 

(iii) Which indicator is most suitable for the titration of iodine solution with sodium 
th i osul pha te so I uti on? ------------------------------------------------------------------------------------ - 
---------------------------------------------------------------------------------------------------------11111( ' 
( c )(i) Draw a clear diagram to show the shape of a water tnolecule. 

i 

I 
I 
I 

- I 

I 

·� 

Molecule I-120 

Shape 

-- --- 

�·:". 1•. .,\/l:';.,:. · · :: .. :�,,.�,. ------------------------------------------------------------------------. ------1 mk 

(ii) Illustrate your answer by considering the reaction between Nlb and BF3. -------------------- 

( d)(i) Define an acid and base in terms of electron transfer. ------�---------------------------------- 

(ii) Explain the shape of f-l20 as shown in C(i) above.------------------------------------------------ 

------------ ,,, .. , .. -·- · ------------------------------------------------------------------------------2 mks 

-----------------��� --------------------------------------------------------------------------3 i11ks 

(e) A buffer solution is made by adding 75.0 g of sodium ethanoate (CfuC02Na) to 500 crrr' 
of a 0.64 M solution of ethanoic acid, CH3C02H(pKa = 4.8) Assume no volume change on 
the addition of the salt.fRAM: C = 12, 0 = 16, Na= 23� H ==1 [, 

(i) What is a buffer solution? ---------------------------------------------------------------------------- 

(ii)Writc equations to show how the buffer system above neutralizes the effect of adding: 

It: fl+(aq) ------------------------------------------------------------------------ ..... ·-----------------------­ 

B: OI-I"(aq) ---------------------------------------------------------------------- . ------------------------- 

(iii) Calculate the pH of the solution resulting from (e) above.-------------------------------------- 

5mks) 

( t)(i) Define lattice energy. ------------------------------------------------------------------------------- 

94 
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(ii) Draw a Born-Haber cycle for the formation of magnesium oxide, MgO(s) ------------------- 

(4mks). 

2. (a) Draw a well-labelled diagram of a mass spectrometer.---------------------------------------- 

-----------------------------------------------------------------------------------------------------5111ks 

(b) A mass spectrometer gave the following data for a sample of naturally occurring 

Germanium. 

Isotope Detector current/arbitrary units Relative abundance 

70 6.83 

72 9.13 

73 2.60 

.. � .. 74 12 .17 
, .  

.  .. 

76 " 2.60 

(i) Complete the above table by calculating the relative abundance of each isotope.------------- 

(ii) Determine the relative atomic mass of Germanium.---------------------------------------------- 

5 mks 

(c) Under specified conditions oftcmpcrature and pressure, ice, liquid water and water 

vapour co-exist in a heterogeneous dynamic equilibrium. 

(i) E 1 ' h "h ilib . " 1 xp am t e term eterogeneous equi 1 num ----------------------------------------------------- 

(ii) How many phases and how many components exist in the equilibrium?---------------------- 

----------------�----------------------------------------------------------------------------------------------- 

3 mks 

( d) (i) Define the "order of reaction". ------------------------------------------------------------------- 

(ii) State two methods by which the rate of the reaction below can be followed. 

95 
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----------------------------------------------------------------------------------·----------------------------- 

(iii) The data in the table below relate to the general reaction: 2A + B ---+- C + D at 500 
K. 

J . • . 

Experiment [A j/rnoldrn'? [Bj/moldm" Initial rate/ moldm=s" 
. .  

1  0.130 0.20 1 .50x 10·5 

2 0.130 0.40 6.50x10-5 

.... 

3 0.065 . 0.40 3.00xI0·5 

4 0.065 0.20 0.75x10·5 

A: Determine the order of reaction with respect to A and with respect to B . 
. .. ,. 

c ,  

B: Calculate the value of the rate constant from experiment 1.-------------------------------------- 

-----�------------------------------------------------------------------------------------------------------ � . 

\•��· 

7 mks 
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PART III 

INORGANIC (MINERAL) CHEMISTRY 

SET 1 : SECTION B {CGCEB 2009) 
Inorganic (Mineral) Chemistry 

4. This question concerns elements of the third period of the Periodic Table (Na to Ar) 
(a) How does the first ionisation energy vary across the period?----------------------------------- 

Give an explanation for your answer --------------------------------------------------------------- 

4 marks 
(b) {i) Complete the table below for the oxides of the elements 

-v 
.. 

• • ;. � ,"' a '' 

. ' 

-, u.l, r. 

Na Mg Al Si p s Cl Ar 

- 

t+--< 
ChO· 

0 

(!)  

Cl02 (;';j 

- ::s Ul 

,,·:€ 
(!) 

"t:I 

Ch01 ·� 
� 0 

'"" 
acidic acidic 

, ( l ! �  � 
Q) i:! 

·- 
Ul (Q 

· o  (;';j  .c  
-< ..0  o  

(c) 

(ii)"Why,u-e�hc,,·oxides··o.{phosphorus and silicon solids at room temperature whereas the 
oxides of othernon-metallic elements are gases?------------------------------------------------- 

(iii) Write equations to show the reactions with water of the oxide of sodium, and 
any one oxide of chlorine 
Oxide of sodium---------------------------------------------------------------------------------------­ 
Oxide of chlorine--------------------------------------------------------------------------------------- 

10 marks 
Give the formulae of the covalent chlorides of the elements in the table. ------ (i) 

L ... 

(ii) Write an equation in each.case to show the reaction of the chloride of silicon and a 
chloride of phosphorus with water. ., 
Silicon--------�-------------------------------·------------------------------------------------------------­ 
Phosphorus ---· -----------------------------------------------------------------------------------. ---------- 

4 marks 
(d) (i) With the exception ofthc hydride of chlorine what is the common chemical property 

of the hydrides of these elements? ------------------------------------------------------------------ 
-------- · - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

(ii) Write an equation for the reaction of the hydride of silicon with water------------------ 

2 marks 

Total 20 marks 
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5. This question concerns the group IV elements (C to Pb) and the s-block elements 
(a) Give the trend in the structure of the group IV elements---------------------------------------- 

3  marks 
. (b) The general outer shell electronic configuration of the group IV elements is ns2np2 

(i). What oxidation states would these elements exhibit in their compounds? ---------------- 

(ii); Explain why the stability of one of these oxidation states increases down the group --- 

3 marks 
( c) The elements react with oxygen and chlorine to form the corresponding oxides and 

chlorides. Give the formula of· 
2  marks 

(i), A strongly reducing oxide in the group--------------------------------------------------------­ 
(ii). A strongly reducing chloride in the group-----------------------------------------------------­ 
( d) . A covalent chloride which is not hydrolysed by water------------------------.:.·------------ 

(i) Write anequation for the hydrolysis of the chloride of Si--.; .;. _ 

(ii). Why would these chlorides hydrolyse in water?--------------------------------------.: _ 

; , . . .  J::.· · ' 1  2  marks 
. ( e) Comment on the bonding and structure of the hydrides of group IV elements---------------- 

2 marks 
(f):,.Li,"Nn>K;'Rb;1Be, Mg, .. Ca, Ila, and Sr are S-block elements . 
. (i). Why .are these elements called the S"-blockelements? -------------..:·--------'----- .. ---------- 

(ii).. How would the elements Na, Be, and Mg react with water?------------------------------- 

4 marks 
(g) Li and Mg show a diagonal relationship. 
(i). Explain the term. diagonal relationship --------------------------------------------------------- 

----------- ,-----------------------------------------· ------- .----------------------------------------- 

(ii). Give two equations to illustrate this behaviour ----------------------------------------------- 

-----------------------------------------------------------------------------�r------------------------ 

2 marks 
(h) What is the trend in the solubility of the hydroxides of group II? Explain this trend -------- 

(i) How would the nitrates of both groups behave when strongly heated? ------------------------ 

2 marks 
(Total: 20 marks) 

6 This question concerns the Transition Elements (d-block) and the halogens (GROUP VII) 
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( a) (i) What is a transition element? ----------------------------------------------------------------- 

( i i ) .  Compounds of Se3+ and Zn2+ are not coloured whereas those of y3+ are. Explain ------ 

(ii i) . Explain the trend in atomic radius across the first transition series of metals.----------- 

(iv). When aqueous ammonia is added drop wise to a solution of Cu2
+ ions, a blue 

· precipitate is observed which dissolves in excess aqueous ammonia. What two 
characteristic properties of transition elements are illustrated in this reaction?---------- 

-------------------------------------------------------------------------------------------------------- 

· ,  

5 marks 
(b) Transition metal ions bond with ligands to form stable species (complexes) 
(i). What· is a ligand? ---------------------------------------------------------------------------------- 

(ii). Give an example of a bidentate ligand----------------------------------------�------------- 
2 marks 

(c) (i) Name the following complexes . .  ] +  .  
[ Co (en) 2 Cl 2 . ------------------------------------------------------- ·----------------------------- 

K4 [Fe ( CN) 6] -------------------------------------------- . -------------------. ---------------------- 
(ii). What types of isomerism will the complex [Co(en)2Cl2] +  exhibit?-------------------- 

. . . . .  " 4 marks 

(d) Explain the change in the physical state of the halogens as the group is descended.-------- 
". --------------------- . ------------------- . --------------------------------------------2 marks 

( e) 'Ihc.halqgens;undefgo disproportionation reactions. 
(i). What is a disproportionation reaction? ---------------------------,------------------------------ 

(ii). · Show that the reaction between iodine and aqueous sodium hydroxides is a 
'disproportionation·TeactiOll·--------------------------------------------------------------------- 

3 marks 
(f) The hydrogen halides are gases which fume in moist air and dissolve in water to form 

acidic solutions 
(I), How would you prepare a sample of hydrogen iodide? ------------------------------------- 

(ii). Arrange the hydrohalic acids (HX) in order of their decreasing acid strength starting 
with the most acidic. Explain the order -------------------------------------------------------- 

. 4 marks 
(Total: 20 marks) 
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