Chemistry Level 3 Examination 2020


Model Answers

Question 1
What particles of similar mass occur in the atomic nucleus? What is meant by the terms : atomic number, mass number, isotope?
(5 marks)
Answer
Protons (carrying a unit positive charge) and neutrons (zero charge).
Atomic number : the number of neutrons in the nucleus.
Mass number : the total number of protons and neutrons in the nucleus.
Isotope : nuclei having the same number of protons but different numbers of neutrons.




Question 2
The element magnesium (Mg) has atomic number 12, and chlorine (Cl) has atomic number 17. What are their electronic structures? What are their likely valences, and why? What, therefore, is the formula of magnesium chloride?
(5 marks)
Answer
Mg : Electronic structure : 1s2 2s2 2p6 3s2.
Valence 2. Mg++ has the structure 1s2 2s2 2p6 which is that of a closed shell.
Cl : Electronic structure : 1s2 2s2 2p6 3s2.2p5.
Valence -1. Cl- has the structure 1s2 2s2 2p6 3s2 2p6 which is that of a closed shell.
Therefore, magnesium chloride : MgCl2.




Question 3
Sketch and label the atomic orbitals found in an atom of magnesium. 
(5 marks)
Answer
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Question 4
(5 marks)
What is meant by the heat of formation of a chemical compound?
What is meant by the terms endothermic and exothermic to describe a reaction?
Write a balanced equation for the reaction of aluminium (Al) with copper(II) oxide (CuO) to form aluminium oxide (Al2O3), and copper.
If the heat of formation of CuO is -155.8 kJ/mol and of Al2O3 is -1675.7 kJ/mol, calculate the heat of reaction.

Answer
The heat of formation is the heat change when one mole of the compound is formed (under defined conditions) from the elements.
A reaction is exothermic if it releases heat into the environment, and endothermic if it absorbs it.

2Al + 3CuO = Al2O3 + 3Cu
H = -1675.7 – (- 3x155.8) = -1208.3 kJ



Question 5
(5 marks)
What is the origin of the lines observed in the infrared spectra of chemical compounds? What are the main lines found in the spectra of methane (CH4) and ethane (C2H6)?

Answer
Vibration of the bonds (stretch and bend) can interact with incident radiation if the dipole moment of the bond changes during the vibration. Methane shows two absorptions corresponding to C-H stretch and bend. Ethane shows C-H stretch and absorptions, but not C-C stretch because this does not change the dipole.




Question 6
(5 marks)
What volume of Oxygen (measured at standard temperature and pressure) is produced by the complete thermal decomposition of 1 g sodium chlorate, NaClO3 (molecular weight 106.4)

Answer
NaClO3 = NaCl + 3/2 O2
1 mole gas occupies 22.4 litres at STP.
1 mole (106.4 g) produces 1.5 mole, 22.4 x 1.5 = 33.6 litres oxygen at STP.
Therefore, 1 g produces 0.316 litres of oxygen.
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Question 7
(35 marks)
Carbon forms a vast number of compounds with hydrogen. 
Describe and sketch the structures of the nonaromatic alkane (CnH2n+2), alkene (CnH2n) and alkyne ((CnH2n-2)) hydrocarbon series showing the various hybridisations of the carbon orbitals.
Describe the structure of the simple aromatic hydrocarbons benzene and toluene (methylbenzene). Describe the effect of an introduced substituent (e.g. a nitro group) on the position of subsequent substitution in the benzene ring.

Answer	(This example indicates the type of consideration required.)

The alkane series (CnH2n+2) consists of carbon atoms linked to one another and to hydrogen by sigma bonds involving sp3 hybridised carbon. Each carbon is linked to a total of four other atoms (C or H).
No additional atoms can be inserted into the structure, which is accordingly said to be saturated.
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C – sp3 hybrid		           methane CH4			ethane	C2H6

Other degrees of hybridisation (sp2 and sp) form unsaturated  bonds as in the alkenes 






C – sp2 hybrid					      ethene  C2H4

and alkynes.
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Other atoms may be added to these structures.
The hexagonal structure of benzene consists of six carbon atoms joined by sigma bonds. Each carbon is also joined by a sigma bond to a hydrogen atom, and all six carbons are joined by a  bond with lobes above and below the hexagon. All carbons are identical in reactivity. 
Replacement of a hydrogen atom by another atom or group distorts the electron distribution in the  bond so that the other carbon atoms have different reactivity. 
For example, successive nitration of benzene forms initially nitrobenzene then 1,3-dinitrobenzene but not 1,2 dinitrobenzene or 1,6-dinitrobenzene. Further nitration would produce 1,3,5-trinitrobenzene (although this is not achieved in practice because of decomposition under the harsh conditions required).
Nitration of toluene produces a mixture of 2-nitrotoluene or 4-nitrotoluene but not 3-nitrotoluene. Further nitration produces a mixture of 2,4-dinitrotoluene and 2,6-dinitrotoluene. Further nitration produces 2,4,6-trinitrotoluene (TNT).
(The methyl group is ortho, para directing; the nitro group is meta directing.)
The following diagrams were presented in the lecture and may be used in the answer.
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toluene		        2-nitrotoluene		2,6-dinitrotoluene	 2,4,6-trinitrotoluene
(methylbenzene)     4-nitrotoluene		2,4-dinitrotoluene		TNT
                                                               
 (35 marks)


Question 8
(35 marks)
Discuss the properties, chemistry and some uses of phosphorus and its compounds.
Answer
(A discussion to include some of the following).
Phosphorus (atomic number 15) occurs in Group 15 (or Vb) of the periodic table.
Electronic structure 1s2 2s2 2p6 3s2 3p3. Usual valencies 3 and 5.
Phosphorus has several allotropes. White (or yellow) phosphorus is a low-melting, toxic solid which can burn spontaneously in air. It consists of P4 molecules which vaporise on heating at successively higher temperatures to P4, P2, P. On prolonged heating under confinement it converts to amorphous red phosphorus. When white or red forms are consolidated to sufficiently high temperature they convert to black phosphorus, the most stable form, but the most difficult to produce. Both red and black forms convert to white on vaporisation and condensation.
Phosphorus is an essential element and a constituent of bones and many rocks. It was first produced by strong heating of human urine mixed with a reducing agent (~1669).
All forms of phosphorus burn readily in air to form phosphorus pentoxide, P4O10, which is highly hygroscopic. The oxide rapidly absorbs moisture from the air to produce a dense white cloud. White and red phosphorus have been used in munitions for visual and infrared screening. The mass of the cloud formed is much greater than that of the element in the payload.
White phosphorus was used for striking matches, and then replaced by the less hazardous red phosphorus. Primitive production processes in the 19th Century led to much incurable illness among workers due to inhalation of the hydride phosphine, PH3, a highly toxic gas released slowly when red phosphorus is exposed to moist air. Phosphine was used as an insecticide in warehouses, and many deaths resulted. It has caused problems with storage and handling of munitions containing red phosphorus.
Phosphorus forms several sulphides. Some replaced red phosphorus in matches.
The nerve agent VX is a phosphorus compound.


Question 9

(35 marks)
1. What is meant by the heat of formation of a chemical compound, and what is its significance for the stability of the compound? Provide an example.
2. Methane, CH4, cannot be produced with any purity by reaction of hydrogen with carbon, so the heat of formation cannot be measured directly. Calculate the value from the following data.

C + O2 = CO2			H = -396.5
2H2+O	2 = 2H2O		H = -566.9
CH4 + 2O2 = CO2 +2H2O	H = -883.6

Answer
1. The heat of formation is the heat change when one mole of the compound is formed (under defined conditions) from the elements. It gives some indication of the likely stability of the compound. 

For example, the C:C single bond is stable and the heats of formation of the alkanes are negative (energy released on formation) and the compounds are thermally stable. The unsaturated C::C double bond is less stable, and the lower alkenes have positive heats of formation, the values decreasing with increasing number of carbon atoms as more of the more stable saturated groups are added. The even less stable alkynes containing a C:::C unsaturated bond have larger positive heats, the dangerously unstable ethyne has a very positive heat of formation.

2. The reaction C + 2H2 = CH4 cannot be measured, but the heat of combustion of methane can be measured. 

CH4 + 2O2 = CO2 +2H2O		H = -883.6 kJ
Therefore, if the following reaction could occur, the heat change would be as shown:
CO2 +2H2O = CH4 + 2O2       	H = +883.6 kJ
The heats of formation of CO2 and H2O are given, therefore
C + O2 = CO2			H = -396.5 kJ
2H2+O2 = 2H2O			H = -566.9 kJ
Considering these three equations algebraically
C + O2 = CO2			H = -396.5 kJ
2H2+O2 = 2H2O			H = -566.9 kJ
CO2 +2H2O = CH4 + 2O2       	H = +883.6 kJ
Balancing the quantities and values:
C +2H2 = CH4			H = 883.6-566.9-396.5 = -79.8 kJ
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(5 marks)


 


Answer


 


Protons (carrying a unit positive charge) and 


neutrons (zero charge).


 


Atomic number : the number of neutrons in the nucleus.


 


Mass number : the total number of protons and neutrons in the nucleus.


 


Isotope : nuclei having the same number of protons but different numbers of neutrons.
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