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Instructions to Candidates:

· Answer all 5 questions on the paper provided and show your working clearly.  Marks are given in brackets after each question and all questions are marked out of 20.
· The question paper consists of 7 pages including a Periodic Table and a Data Sheet.
· Please check that you have them all.


Question 1 [20 marks]

1.1
Soluble mercury compounds are toxic, so must be removed from industrial waste water before the water returns to the environment. This is done by reacting the soluble salt to produce an insoluble mercury compound which is then filtered out of the water. One typical reaction is as follows:

 
Hg(NO3)2(aq)   +   Na2S(aq)     →     HgS(s)   +   2NaNO3(aq)


a.
Name (using the IUPAC rules) all the compounds shown in the equation.                  

                                                                                                                        (4)


b. In a laboratory the following solutions were reacted: 50.25 ml of the mercury-containing reactant with a concentration of 0.01033 M and 22.50 ml of the sodium-containing reactant with a concentration of 0.01025 M. 
i. Calculate the mass of the solid that would be formed?

  (7)
ii. Is all the mercury removed from the water? If not, calculate what mass remains in solution?





  (4)
iii. How would you ensure that no mercury is released into the environment when this reaction is used. 



  (2)
c. Show all the calculations that you would make in order to prepare 100.0 ml of the Na2S solution used in question b. above. 
                      
  (3)


Question 2 [20 marks]

2.1
a.
Forty nine kilograms (49.0 kg) of pure sulfuric acid were accidentally 
released into a water supply when a storage vessel leaked. As the only current SFP Chemistry student with clear understanding of mixtures, calculation of moles, masses and volumes of substance when provided with reaction equations, you are called to the scene to help.

There are two proposals from two faction groups:

i. Group A proposed they add a solution of 5.00 M NaOH to the contaminated water, which reacts as follows.

2NaOH(aq) + H2SO4(aq)

Na2SO4(aq) + 2H2O(l)

ii.
Group B proposed they add powdered calcium carbonate, which reacts as follows.

CaCO3(s) + H2SO4(aq) 

CaSO4(s) + H2O(l) + CO2(g) 

Determine the amount of each reagent required to neutralize the acid. With reasons, suggest which is the more sensible reagent to use to neutralize the acid.






            (8)

b. Sensodyne, specially formulated to help relieve teeth sensitivity, contains 10.0% (m/m) strontium chloride hexahydrate, SrCl2.6H2O. Determine the amount of chlorine in 75.00 g of Sensodyne.
            (4)

c. Eucalyptus oil, a poison to some animals, is found in eucalyptus leaves. The chief constituent of eucalyptus oil is a substance called eucalyptol, which contains 77.87% carbon, 11.76% hydrogen, and the remainder oxygen. 

i. Describe the terms ‘empirical formula’ and ‘molecular formula’                         

                                                                                                        (2)
ii. Determine the molecular formula for eucalyptol if it has a molar mass of 154 g.mol-1.





  (6)

Question 3 [20 marks]

3.1
a.
Write out the spectroscopic sublevel electronic configuration of the 
chloride ion

b.
Write out the spectroscopic electronic configuration of the main group element in Period 3 that has one completely filled p orbital in the outermost principal energy level.  Name the element
c.
Write out the abbreviated tabular orbital electronic configuration of 
cobalt

d.
Write out the spectroscopic electronic configuration of a Period 2 element that would form a -2 ion.  Name the element
e.
Write out the spectroscopic electronic configuration of the element whose +3 ion would be iso-electronic with neon.  Name the element   

(10)
3.2
 A table of eight electronic configurations, A to H, is given below. 



NOTE:     

· These electronic configurations can be used more than once in answering questions a to j.

· Write the appropriate letter(s) (A to H) for each answer.

· Some questions have more than one answer and some may have no answer, in which case say ‘none’ or ‘no answer’
· Each question a to j is worth one mark. 

· The mark will be assigned only if the complete answer is given.   

	A       [Ar]
	B           1s22s22p63s1

	C       1s22s22p63p1
	D        2,4

	E       
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	F         
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	G       1s22s22p63s23px13py13pz1                                          
	H         [Ar]4s23d2


	
	Statement

	a
	are orbital electronic configurations

	b
	An electron configuration that best describes the ground state electron configuration of Cl-

	c
	An electron configuration that best describes an excited state of Mg+

	d
	represents a third row element

	e
	are sublevel electronic configurations

	F
	have one valence electron

	g
	are main group elements with one filled p orbital in the outermost principal energy level

	h
	represent a non-metal

	i
	can be represented as 12X

	j
	have a neon electron core


                                                                                                                                 (10)
Question 4 [20 marks]

4.1  
Using your knowledge of electronic configuration
a.
Draw the Lewis dot structure for a sodium atom and an oxygen atom 

                                                                                                              (2)
b.
Indicate how and why each of these atoms would form ions, using the Lewis dot structures






            (2)


c.
Study the following three statements. Indicate whether they are true or false. If false, write the correct statement.


i. Aluminium hydroxide has the formula AlOH3
ii. Iron(II) sulfate has the formula Fe2(SO4)3
iii. Caesium carbonate has the formula Cs2(CO3)
          (6)


d.
Study the following table of elements and compounds, and then answer the questions that follow.

· Each formula can be used more than once in answering questions i to x 

· Write the full formula for each answer

· Some questions may have more than one answer, and some may have no answer, in which case say ‘none’ or ‘no answer’

· Each question is worth one mark
· The mark will be assigned only if the complete answer is given


	Fe2O3
	CO2
	AgCl
	CoCl2

	AlN
	CuSO4.5H2O
	H2O2
	NH4OH

	Li2O 
	H2O
	Na2SO4(aq)
	FeSe


i. Contains a polyatomic anion(s)

ii. Contains water

iii. Is a tri-atomic formula unit

iv. Contains at least one covalent bond

v. Is an ionic compound

vi. Contains 2 hydrogen atoms

vii. Contains a transition element

viii. Contains a -2 mono-atomic anion

ix. Is a polar tri-atomic molecule   

x. Contains a +3 cation   


                                                                                                                            (10)


Question 5 [20 marks]

5.1. 
Two students (A and B) carried out the following experiment in the laboratory. Each weighed 3.580 g of the hydrated sodium carbonate salt (Na2CO3.nH2O) and transferred it into a 250 ml volumetric flask. It was then made up to the mark with distilled water. 25.00 ml samples of the sodium carbonate solution were titrated against a standard 0.1000 mol.dm-3 HCl solution, using methyl orange as the indicator. The titration was done in triplicate and the volume of the HCl used during each run is recorded in Table1.

Table1 Volume of HCl

	Run
	A
	B

	1
	25.05 ml
	25.31 ml

	2
	25.22 ml
	25.03 ml

	3
	25.18 ml
	25.20 ml





a.
Explain what is meant by the underlined terms in the following phrases.        

 



Use examples to assist you with your explanation.



i.   Standardising the acid solution






(2)



ii. Reaching the end point of an acid-base titration




(2)
b. Write a balanced equation for this reaction.




  (1)

c. Show with the aid of calculations which student (A or B) conducted the above experiment with a higher precision, therefore which results can be used.                                                    




  (2)

d. Using the the best titration results (obtained in c.), calculate the value of n in the formula Na2CO3. nH2O for the hydrated sodium carbonate.

  (4)

See question 5.2 overleaf / …

5.2. The following reaction was carried out in the laboratory.

AgNO3 (aq) + NaCl (aq)  (  AgCl (s) + NaNO3 (aq)

The solid product was collected after the reaction had finished and was dried to constant mass and weighed. Some of the results are presented in Table 2 below.

Table2 Reactant Mixtures Used



	Reaction Number
	Silver nitrate solution
	Sodium chloride solution

	1
	30 ml of 0.25 mol.dm-3
	40 ml of 0.50 mol.dm-3

	2
	60 ml of 0.25 mol. dm-3
	80 ml of 0.50 mol.dm-3

	3
	75 ml of 0.25 mol. dm-3
	25 ml of 0.50 mol.dm-3


a. Identify the type of chemical reaction the above equation represents.     (1)


b. Define the term drying to constant mass




  (2)


c. The masses for each of the three samples of silver chloride produced were recorded and are given below.

A 1.79 g

B 1.07 g

C 2.15 g

However, the chemist carrying out the experiment forgot to label them with a reaction number showing which reactant mixture each came from. With the aid of calculations match the masses of silver chloride produced to the reaction number. 

                                                                                        (6)
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