Chemistry Level 4 Examination 2021


Model Answers

Question 1
What particles of similar mass occur in the atomic nucleus? What Charges do they carry? 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 protons 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 Aluminium (Al) has atomic number 13, and Fluorine (F) has atomic number 9. What are their electronic structures? What are their likely valences, and why?
Aluminium fluoride is an important additive for the production of aluminium by electrolysis. What is the formula of aluminium fluoride?

Answer
Al : Electronic structure : 1s2 2s2 2p6 3s2 3p1. Or  [Ne] 3s2 3p1

Valence 3. Al+++  has the structure 1s2 2s2 2p6 which is that of a closed shell.

F : Electronic structure : 1s2 2s2 2p5. Or  [He] 2s2 2p5

Valence -1. F- has the structure 1s2 2s2 2p6 which is that of a closed shell.

Therefore, magnesium fluoride : AlF3.


Question 3
Sketch and label the atomic orbitals found in an atom of Aluminium. 
(5 marks)
Answer









1s			    2s					3s				

[image: ]

2p (x,y,z)


[image: See the source image]

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 balance equation for the combustion of acetylene 
What is the heat of reaction given :-

ΔHf CO2 = -393.5 kJ/mole
ΔHf H2O = -241.8 kJ/mole
ΔHf acetylene = +227 kJ/mole


Answer


2C2H2(g) + 5O2(g) → 4CO2(g) + 2H2O(g)

ΔHf CO2 = 4 mol (-393.5 kJ/mol) = -1574 kJ
ΔHf H2O = 2 mol ( -241.8 kJ/mol) = -483.6 kJ
4: Add the Values to Get the Sum of the Products
Sum of products (Σ vpΔHºf(products)) = (-1574 kJ) + (-483.6 kJ) = -2057.6 kJ
5: Find Enthalpies of the Reactants
ΔHf C2H2 = +227 kJ/mol ΔHºf  multiply by no of mols => C2H2 = 2 mol (+227 kJ/mole) = +454 kJ
ΔHf  O2 = 0.00 kJ/mol   ΔHf  O2 = 5 mol ( 0.00 kJ/mole)= 0.00 kJ (It’s an element!)
Sum of reactants (ΔHf (reactants)) = (+454 kJ) + (0.00 kJ) = +454 kJ
6: ΔHº = ΔHf (products) - ΔHf (reactants)
ΔHº = -2057.6 kJ - 454 kJ
ΔHº = -2511.6 kJ












Question 5
(5 marks)
What is meant by the term Stoichiometry? How does it affect the reaction of acetylene with air as discussed in the previous question?
Write a balance equation for the reaction between aluminium and potassium perchlorate
Given the atomic masses:
· Al = 27
· K = 39
· Cl = 35.5
· O = 16
What percentage of aluminium, by mass, is contained in the stoichiometric mixture?

Answer:-
Stoichiometry is the relationship between the relative quantities of substances taking part in a reaction or forming a compound, typically expressed as a ratio of whole integers or percentages.

If acetylene burns with insufficient oxygen (i.e. O2 below the stoichiometric percentage) then combustion will be incomplete resulting in smoke and a residue of soot. Conversely if the ratio is matched or exceeded combustion progresses as a clean blue flame with little or no residue.
	8 Al + 3 KClO4 = 4 Al2O3 + 3 KCl
	(8 x 27) + 3 (39 + 35.5 + (4 x16)) = 631.5
	(8 x 27)                                           = 216
	216 / 631.5 x 100 = 34% Aluminium











Question 6
(5 marks)


What is the origin of the lines observed in the electronic spectra of species?  What is significant about the lines produced by barium, strontium and sodium? 
How might the effect of these lines be enhanced in a pyrotechnic formulation?

Answer

The lines observed in the electronic spectra are a result of electrons being exited into levels above their ground state and subsequently relaxing back emitting energy in the form of electromagnetic radiation. Each transition will have an associated wavelength (which is quantized) The electromagnetic radiation in the visible region of the spectrum is distinct for each element which radiate coloured light.
	Barium = green
	Strontium = red 
	Sodium = yellow

The spectral lines may be enhanced by the addition of chlorine to the composition. (Usually in the form of potassium perchlorate or chlorinated binders such as PVC or chlorinated rubber) producing chloride radicals in the flame which provide a strong, saturated radiation of the respective coloured flame.

It is advantageous to formulate red flare and tracer compositions with a negative oxygen balance, since the presence of a reducing atmosphere in the flame inhibits the oxidation of SrCI to SrO and increases the colour purity of the flame. 
An excess of free chlorine in the flame shifts the equilibrium 2 SrCI + 02 = 2 SrO + Cl, to the left and improves the flame colour. Organochlorine compounds such as polyvinyl chloride, hexachlorobenzene, and others, may also be added to red flare compositions.

e.g. Sr-Cl.  Will produce an intense red.







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 and the mechanism behind the effect.

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.

H   C
C   H





				    			 C2H2

C – sp hybrid						ethyne

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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benzene	   nitrobenzene	      1,3-dinitrobenzene	1,3,5-trinitrobenzene
				      (m-dinitrobenzene)	  (s-trinitrobenzene)
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toluene		        2-nitrotoluene		2,6-dinitrotoluene	 2,4,6-trinitrotoluene
(methylbenzene)     4-nitrotoluene		2,4-dinitrotoluene		TNT


The methyl group is electron donating and directs the substitution towards the ortho and para directions. The yield for the reaction would be approimatley 66% (2/3rds) ortho and 33% (one third) para. This is because the intermediates have the stabilised structures illustrated in the diagrams below with a  delta negative charge having been stabilised at the ortho and para positions respectively.

[image: ]


The converse applies to the nitro group where the electron withdrawing nature of the substituent group makes the ortho and para substituted intermediates unstable because of the adjacent positive sharges on the nitrogen and substituted carbon atom in the benzene ring. Thus the meta position is favoured

[image: ]



                                                               























Question 8


 (35 marks)

What is the principal chemical difference between a pyrotechnic composition and an explosive molecule?
Write a balanced equation for the reaction of Magnesium with Strontium Nitrate. What is the stoichiometric ratio for the mixture given the following atomic masses?
· Mg =24.3
· Sr = 87.62
· N = 14
· O = 16
Other than obtaining a stoichiometric mix ratio, what other factors govern the rate of reaction of the mixture?
How would you predict the decomposition products for a high explosive molecule? Give examples for TNT and RDX?
How would this information would be used to evaluate the anticipated relative performance of each molecule?

Answer
A pyrotechnic composition is formed by an admixture of a fuel and an oxidant usually in a powder form. Whereas an explosive molecule carries its fuel and oxidant within the molecular structure.
A balanced equation for the reaction is written as 
8Mg + Sr(NO3)2 => 5MgO + SrO + Mg3N2                       48% Mg from Cacket
(8 x 24.3) / (8 x 24.3) + (87.62 + 2(14 +16 + 16 + 16) x 100 = 47.87% calculated
The stoichiometric mix may not produce the brightest flame. If the magnesium is added in excess of the stoichiometric ratio then combustion of magnesium with atmospheric oxygen may take place

Mg + 1/2O2 => MgO 

This reaction may add up to 15% to the flare output (Cacket on the combustion of illuminating flares)

Other factors which may affect performance are the degree and homogeneity of mixing and the particle sizes of the ingredients. Finer powders especially fuels producing a more rapid reaction. 
Particle shape of the fuel is also a critical feature of the composition formulation. Blown versus cut fuels. Spheroidal compared with flake like, cut particles in the fuel grades will have an influence on the rate of reaction.
The physical preparation of the composition, whether in a loose powder or as a pressed pellet will have an effect on the way the materials behave. Solid pellets generally burning with a more controlled output than the lose powders. (MTV close to detonation as a lose powder controlled point source output as a flare)

Confinement will have an effect on the burn rate, especially if the combustion products are gaseous (remember gaseous at the temperature of the experiment)

Decomposition products for a high explosive are predicted using the Kistiakowsky-Wilson rules. (For explosives with an oxygen balance les negative than -40%)
Modified K-W rules for compositions with an oxygen balance more negative than -40%

So first we need to determine the oxygen balance for RDX and TNT
[image: ]
[image: ]

Then determine the reaction products
[image: ]
So we have
[image: ]
[image: ]

Then work out the heat of explosion (or look it up!) and combine with the volume of gas to give a power index (Index is relative to the volume of gas and heat of explosion of Picric Acid)

















Question 9
(35 marks)
What are the electronic structures of Hydrogen and Oxygen?
Use this information to describe the structure of the water molecule?
How does this structure influence the physical properties of water?
How might water react to give undesirable performance from OME devices?

Answer

Hydrogen 1s1

Oxygen 1s2, 2s2, 2p4,

Oxygen, “Electron withdrawing” δ-

Hydrogen, “Electron donating” δ+

[image: See the source image]

Because of this polarity water undergoes hydrogen bonding. Hydrogen bonds are approximately 10x stronger than Van Der Waals forces, the forces that hold molecules together in other liquids

1 = Hydrogen bonds.
Water has an extraordinarily high specific heat capacity [4.1814 J/(g·K) at 25 degrees C] and also a high heat of vaporization [40.65 kJ/mol or 2257 kJ/kg at the normal boiling point]. Both of these properties are a result of hydrogen bonding between neighbouring water molecules.

[image: https://upload.wikimedia.org/wikipedia/commons/thumb/c/c6/3D_model_hydrogen_bonds_in_water.svg/1024px-3D_model_hydrogen_bonds_in_water.svg.png]



Hydrogen bonded structure in a liquid goes to organised hexagonal structure in the solid form. (Seen in snowflakes) Hexagonal crystal lattice seen in crystallised Ice.

Water misbehaves in several ways to prevent the functioning of OME articles.

· Corrosion of metals. Especially magnesium in pyrotechnic compositions
· Causes loss of performance , gassing
· Surface effect! Low volume of material affected.
· Production of Phosphine in RP munitions
· Need for encapsulated Phosphorus
· No metals in compositions
· Don’t use copper components
· Causes gassing and therefore cavities in PU bound explosives.
· Reaction with Azides to form hydrazoic acid. This then attacks the copper in brass detonator cases and explosions result.
· Cu Azide can burn to detonation as a thin film.
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Question 1


 


What particles of similar mass occur in the atomic nucleus? 


What Charges do they 


carry? 


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 


protons


 


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 neutr


ons.
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