ACDA4011-Chemistry (OME)-Exam-15th July 2020
Student Number 1810348

SECTION A

QUESTION 1:- What particles of similar mass occur in the atomic nucleus? What is meant by the terms: atomic number, mass number, isotope?

ANSWER:- The particles that occur in the centre of an atomic nucleus are the Proton and Neutron. The Term Atomic Number means the number of protons to be found in the atomic nucleus of an element. The mass number is the mass of a single atom of an element given in Daltons with 1 dalton being 1/12 of a single carbon 12 atom. An isotope is where an element has a different number of neutrons compared to the element at rest, proton count remains the same.

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?

ANSWER:-
[image: ]

Mg=1s2 2s2 2p6 3s2 
Cl=1s2 2s2 2p6 3s2 3p5

Magnesium is likely to have a valence of 2 because it has 2 valence electrons in its outer shell and is in group II on the periodic table

Chlorine will have a valence of 7 as it has 7 valence electrons in its outer shell and is in group VII in the periodic table.

If Magnesium and chlorine combine then they will make Magnesium Chloride which is written as MgCl2.

QUESTION 3:- Sketch and label the atomic orbitals found in an atom of magnesium.

ANSWER:-
[image: ]

QUESTION 4:- 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:- Heat of formation is the amount of heat absorbed when one mole of a compound is formed from its constituent elements.	 An Endothermic reaction is a reaction which takes in heat and would feel cold to touch. An exothermic reaction releases heat and would feel warm or hot to touch. 

[image: ] 	

Reaction releases 1519.9 kJ of energy in form of heat.

QUESTION 5:- 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)? (5 marks)

ANSWER:-The origins of the lines observed in infrared spectra of chemical compounds is due to the nature of the bonds that exist between the elements.For example the double pi bonds present in ethene. The spectra of methane CH4 would exhibit a significant dip at roughly a wavenumber of 3000 and a secondary dip at a wavenumber of roughly 1300. The spectra for Ethane (C2H6) would exhibit a large dip at 3000 with secondary dips at 1500 and 800.

QUESTION 6:- 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).

[image: ]

SECTION B

QUESTION 1:- 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:-
The image below shows the structure for Alkane’s, Alkene’s and Alkynes’s. As can be seen the Alkane group has single bonds between the carbon atoms in their hydrocarbon chain. The Alkene’s have one double bond in the carbon chain and the Alkynes have one triple bond in the carbon chain.
[image: ]

	

[image: ]

The image above shows the hybrid orbitals of the various hydrocarbon groups with the alkanes at top, the alkenes in the middle and the alkynes at the bottom. 

In the alkanes there are predominantly pi bonds holding the chain together. In alkenes there are the addition of two sigma bonds and in alkynes there are an additional set of pi bonds.

If these hydrocarbon groups can be rearranged into a hexagonal group they can make aromatic compounds such as benzene. Benzene looks like the following.
[image: ]

As can be seen a double bond is formed between some of the carbon atoms. The carbon atoms are numbered and named with the carbon at 12 oclock being numbered one the one to the right numbered as 2 and so on through to 6. The substituent groups are named ortho, meta and para. If a CH3 group is added to carbon 1 it creates toluene.

[image: ]

Toluene is a solvent. 

If a nitro group is introduced then trinitrotoluene can be created.

[image: ]

Here the nitro groups are on the numbers 2, 4 and 6 carbons therefore the proper name for the compound would be 2,4,6 trinitrotluene. The effect of adding a nitro group is that the benzene ring itself becomes less reactive but there will be a significant amount of energy stored within the compound itself. 

QUESTION 2:- Discuss the properties, chemistry and some uses of phosphorus and its compounds.
ANSWER:- Phosphorus is an element which is an allotrpe. An allotropic element can exist in a number of forms for example Carbon can exist as a graphite, diamond and as a bucky ball (C60). Phosphorus can exist as white, black or red phosphorus. White phosphorus is the root of it all and is mined in various minerals with the most common being fluorapatite (3Ca3(PO4)2CaF2). White phosphorus is obtained by performing a chemical reduction with phosphate bearing rocks such as Fluorapatite. This process is very energy intensive. Earlier methods of obtaining phosphorus came from subjecting putrefied urine to intense heat and obtaining it from bones. White phosphorus when manufactured can be very reactive and can ignight spontaneously with the air, has a high toxicity through ingestion and vapour and contact with skin should be avoided.

If white phosphorus is subjected to intense heat (approx. 400C) over a period of hours it can change form from white phosphorus to red phosphorus. Red phosphorus is less reactive than white in that it can be stored in air tight containers and its toxicity level is much lower aswell however it should still be handled as a dangerous substance. 

If red phosphorus is subjected to higher temperatures and pressures over longer periods of time (250C-600C over a period of days) then black phosphorus can be created. 
Uses of phosphorus can vary. As an element it can be used in pyrotechnics and as a fire retardant by the plastics industry. Phosphates can be used is numerous items such as detergents and fertilisers, military agents including nerve agents including VX and in medicine. 
Miltarily phosphorus has been used as smoke compounds. White Phos was used originally however it would cause significant injuries with red phospohoruse replacing it. 
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