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Section A
Question 1

Protons and neutrons are found in the nucleus and they have similar masses.
Protons carry a unit positive charge and neutrons carry no charge.

The atomic number is the number of neutrons in a nucleus.
The mass number is the total number of protons and neutrons in a nucleus.

An isotope is a variation of a nucleus where the number of neutrons has changed but the number of
protons stays the same.

Question 2

Aluminium: 152, 252, 2p6, 352, 3p1
Valance: 3, Aluminium has 3 electrons in its outer shell so AI*** would have a full outer shell by losing 3
electrons.

52,252, 2p5
-1, Fluorine has 7 electrons in its outer shell so F*would have a full outer shell by gaining 1
electron.

Aluminium fluoride: AlFs

Question 3
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3p orbitals are similar in shape to 2p orbitals but they have a larger size and energy.
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Question 4

The heat of formation of a chemical compound is the heat energy produced when a compound is made
from its constituent elements.

An endothermic reaction is a reaction that absorbs heat from its surroundings.
An exothermic reaction is a reaction that releases heat into its surroundings. 1c 0
A
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Question 5

Stoichiometry s the relationship between the products and reactants in a reaction. The relationship of
the moles (and mass) of the products and reactants.

It affects the acetylene combustion reaction as for every 2 parts of acetylene, 5 parts of oxygen is

required for complete combustion.

Aluminum and potassium perchlorate.

JA( + 3KUAO¢ — 3KC( + A0,
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Question 6

Lines are observed in the electronic spectra as when the radiation passes through a
compound, certain elements absorb or reflect certain frequencies, causing black lines to
appear as the radiation no longer reaches the measuring equipment.

Barium absorbs radiation in the green visible light range so it produces lines at around 550nm.
Strontium produces spectra lines in the red visible light range, around 650nm.

Sodium produces spectra lines inb the yellow visible light range, around 580nm.

The effect of the lines could be enhanced by having a higher concentration of the chosen
element as there would be a higher number of atoms to absorb more of the radiation.
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Section B
Question 7

The alkane series consists of carbon atoms linked to each other and hydrogen atoms using sigma bonds.
Every carbon atom links to four other atoms.

For the alkanes, one of the S orbitals combines with three P orbitals to form four sp* hybrid orbitals that
have a tetrahedral appearance. They are saturated as no other additional atoms can be added to the
structure.

sp?and sp hybrids are formed with unsaturated bonds for the alkenes and alkynes. Other atoms can be
added to these structures.
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Hydrocarbons are formed with a hexagonal structure where 6 atoms of carbon are joined together by
sigma bonds. These bonds are also used to join each carbon atom to a hydrogen atom. Pi bonds link the
carbon atoms together also but the joint exists above and below the hexagon.

Changing a hydrogen atom for a different atom or group offsets the electron distribution of the group
causing the other carbon atoms to have a different charge.

Using nitration and nitro group is added in place of a hydrogen atom. The nitro group is negatively
charged causing the carbon atom it s attached to to become positively charged. The next successive
nitration cannot be an ortho substitution (next to the first) as the carbon it was attaching to would be
negatively charged, repelling the 2nd nitro group, which is also negatively charged.

The first nitration of benzene forms nitrobenzene then 1,3-dinitrobenzene.

The first nitration of toluene produces a mixture of 2-nitrotoluene and 4-nitrotoluene. Further nitration
produces a mixture of 2,4-dinitrotoluene and 2,6-dinitrotoluene and a further nitration produces 2,4,6-
trinitrotoluene (TNT).
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Question 9
Electronic structure of Hydrogen: 1s1.
Electronic structure of Oxygen: 1s2, 22, 2p4.

Oxygen is electronegative due to the missing electrons it its outer shell. Oxygen attracts electrons more
strongly than hydrogen resulting in a small positive charge on the hydrogen atoms and a small negative
charges on the oxygen atom. These charges create a dipole moment on the water molecule.

The electrical attraction between the hydrogen and oxygen in the molecule from the dipole pulls the
molecules together making them harder to separate. This increases the boiling point, helping Hz0 to be
a liquid at room temperature.

Water can give undesirable effects to OME devices not only in active usage but in storage. A damp
storage room could cause a device's packaging to breakdown and allow it to move around. Water also
reacts strongly to elements such as the alkali metals like Lithium and Sodium. So if water is exposed to
devices such as smoke creating devices, that use a variety of elements to obtain their desired effect, it
could cause a gas producing reaction and a fire.

Water also creates more drag than the air when a projectile moves through it, so aerodynamics needs to
be taken into account when creating water based munitions such as torpedoes.




