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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 8 pages including a Periodic Table and a Data Sheet.
· Please check that you have them all.
· NOTE: marks will be deducted if the significant figures are incorrect




Question 1 [20 marks]

1.1
Nitrogen dioxide (NO2) is one of the components of smog and acid rain. South African law says that the maximum concentration of NO2 that can be in the air over a one-hour period is 0.0000002000 g dm-3.

a)
What is the maximum number of moles that can be present in 1.00 dm3 per hour?
 









(2)

b)
A scientist analysed the air in his town and determined that there were 9.783 x 
105 molecules of NO2 present in 1.00 dm3 over a one-hour period. Does this air satisfy the Government’s requirements for clean air?


(3)

1.2


a)
Calculate the percentage by mass of chlorine in MgCl2.


(3)

b)
When the right amount of Mg and HCl react, 2.700 moles of H2 is produced. What volume would this gas occupy at 25oC and 1 atm?


(2)
c)
Hydrogen chloride is a gas, HCl(g), but when it comes into contact with water it  dissolves to form hydrochloric acid, HCl(aq). What mass of HCl(g) needs to dissolve in 250.0 ml of water to produce an acid concentration of 0.9812 mol dm-3?










(3)

1.3
A scientist extracted a compound from the leaves of a tobacco plant. He believes that this chemical is possibly nicotine, a drug found in cigarettes. Chemical analysis of the compound showed that 74.0 % by mass was  carbon, 8.70 % was hydrogen, and the rest was nitrogen.

a)
Calculate the empirical formula of the compound.



(5)

b)
Calculate the molecular formula of the compound if the molar mass of the compound is 162.2 g mol-1.






(2)

Question 2 [20 marks]


Milk of magnesia is an aqueous suspension of magnesium hydroxide, 
Mg(OH)2, used to treat acid (HCl) indigestion. One spoonful of milk of magnesia was ingested to treat    0.5675 g of the acid. The concentration of milk of magnesia is 0.7750 mol dm-3.  (1 spoonful = 10ml)

Mg(OH)2(aq) + 2HCl(aq) ( MgCl2(aq) + 2H2O(l)

a) Will all the acid become neutralized? Show all calculations to support your answer. 









(8)


b) What mass of the excess reagent remains after the reaction comes to completion?









(6)

c) If 0.105 g of water was collected during the experiment described above,
what  is the percentage yield of water? 
 




(6)
Question 3 [20 marks]

3.1
Use your periodic table to answer the following questions: 
a)
Which of the following species has the most unpaired electrons, S+, S, S-. Show how you arrived at your answer.





(2)

b)
Which 2 d-block elements do not follow the normal rules of placing electrons into orbitals. Write out the spectroscopic electronic configuration for one of these elements.








(2)


c)
Consider the following electronic configuration 1s22s22p63s23p64s23d6


i)
Which period does this element belong to?



(1)


ii) Which block does this element belong to?



(1)

iii)
How many electrons would we find in the third shell of this element? (1)


d)
Consider the following stable isotope: Se-80.


i)
How many protons, neutrons and electrons would you find in an ion of Se-80 that carries a charge of -2?





(2)


ii) Write two other notations to represent this isotope.


(1)

3.2

a)
Name the noble gas that does not have the ns2np6 electron configuration.
(1)
b)
Atoms or ions that have the same number of electrons and therefore the same  electronic configuration are said to be isoelectronic. Explain why elements tend to lose or gain electrons to be isoelectronic with the noble gases.
(1)


c)
Name the alkali metal whose ion would be isoelectronic with argon.

(1)

d)
How many valence electrons would an element in group 2 have? Name the element in group 2 whose ion would be isoelectronic with neon.

(2)

e)
State the number of core electrons for an alkali metal whose ion would be isoelectronic with xenon? Write down the charge of this ion and explain why this ion would readily form.







(3)
f)
Write down the symbol of the metalloid that would need the most electrons to be isoelectronic with krypton. How many electrons would this metalloid need?

(2)

Question 4 [20 marks]

4.1
Rewrite the following statements and correct them where necessary:

a)
The formula for lead(IV) sulfate is PbSO4

b)
The formula for aluminium bromide is AlBr2
c)
The formula for cobalt(II) hydroxide is Co(OH)2



(5)


4.2
Read each of the following statements. Decide if they are true or false. If false, correct the statement.

a)
Electronegativity is influenced by the number of neutrons in the nucleus, the distance of the outermost electrons from the nucleus and the amount of screening by core electrons.

b)      Non-polar covalent bonds are only found between identical atoms.

c)      Electron dot formulae show all the electrons present in the atoms and 
     how some electrons are involved in bond formation.


(6)


4.3
Explain how and why ionic and covalent compounds differ from one another in their ability to conduct electricity.






(3)


4.4
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 a to f 

· Write the full formula for each answer

· Some questions may have more than one answer,

· 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
	CaSO4.2H2O

	CH4
	N2O3

	NaOH(aq)
	F2

	Al(OH)3
	MgCO3

	O2
	HF


a)
Write down the formula(e) for all the ionic compounds which contain polyatomic ions.
b)
Write down the formula(e) for all the substances containing a trivalent atom in its structure

c)
Write down the formula(e) for all hydrated compounds

d)
Write down the formula(e) for all non-polar molecules

e)
Write down the formula(e) for compounds which form hydrogen bonds

f)
Write down the formula(e) for substances containing the element with the highest electronegativity value. 






(6)

Question 5 [20 marks]

The accuracy of an experimental measurement is how close it is to the correct or true value. One definition of the error is the difference between the correct value and the experimentally measured value.

Precision or reproducibility of measurements made in an experiment looks at how close measured values are to each other when the experiment is done more than once.

Experiments are repeated in order to get concordant results and so precise measurements.

Solid calcium carbonate gives the white powder calcium oxide and gaseous carbon dioxide when it is heated strongly.

Three different samples of calcium carbonate (A, B and C) were weighed before heating (at time = 0). Each was heated for 20 minutes in a crucible using a Bunsen burner, cooled to room temperature and reweighed. This was repeated after heating for 30 and 45 minutes. The results of the experiment are given in the Table below.

Table 1 ………………………………………………………………………………………
	Time heating started (minutes)
	Sample mass (g)

	
	A
	B
	C



	0
	21.0180
	27.0225
	19.2189

	20
	16.4892
	20.8887
	14.9981

	30
	12.2104
	15.7016
	11.8319

	45
	12.2095
	15.6978
	11.7743


a) Give a suitable title for table 1






(1)

b) Is this experiment being carried out in a closed or open system?
Give experimental evidence to support your answer.

 

(2)


c)  Write a word equation for this reaction.





(1)

d) What type of a chemical reaction is taking place here?



(1)

e) Explain why the heated contents should not be left exposed to the atmosphere when cooling.








(1)

f) Apart from the fact that the compound decomposes and new products form, what other evidence shows that this is a chemical reaction? 


(1)

g) Define the term heating to constant mass.




(1)




h) Carry out calculations to determine the samples A, B and C which  have been heated to almost constant mass (i.e. mass difference of less than 0.005 g)
(3)

i) Which sample(s) need(s) to be heated further?




(1)

j) Choose a suitable sample and use its experimental measurements to calculate the percentage of carbon dioxide in calcium carbonate.

(3)


k) An experienced chemist did this analysis and found the percentage composition of CO2 to be 43.97%. This is considered to be the true value. Using results obtained in ix) above, calculate the percentage error.

(1)


l) Identify all the equipment in each setup, A to D given below. For what purposes  would you use each of these setups?



(4)

A 
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[image: image5.jpg]TABLE OF RELATIVE ATOMIC MASSES (Based on Carbon-12)

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium

Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium

A value given in brackets denotes the mass of the longest-lived or best-known isotope,

Symbol Atomic Atomic

Ac
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
B
Br
Cd
Ca
cf
(o}
Ce
Cs
Cl
Cr

89
13
95

7
12
25
101

[227]
26.98
[243)
12175
39.95
74.92
[210]
137.34
[247]
9012
208.98
10.81
79.90
112.41
40.08
1251]
12.01
140.12
132.91
35.45
52.00
58.93
63.55
[247]
162,50
[252]
167.26
151.96
1257]
190.00
[223]
157.25
69.72
72.61
196.97
178.49
4.00
164.93
1.01
114.82
126.90
192.22
55.85
83.80
138.91
1260]
207 20
6.94
174.97
24.31
54.94
[258]

No.
Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Niobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc
Zirconium

Symbol Atomic Atomic

No.

Pr

Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru

Sc
Se
Si

Ag
Na
Sr

Ta
Tc
Te
Tb
Tl
Th
Tm
Sn
Ti

Xe
Yb

Zn
74d

Mass
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