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SECTION A

Answer all the questions in the spaces provided.

1.  State which one of the following statements applies to the ions ~CI", K" and *’Ca™. [1]

A They all contain the same number of neutrons.

B They all contain the same number of electrons.

C They are isotopes of one another.

D They all have the same mass number.

2.  State the full electron sub-shell configuration for an atom of potassium, K. [1]

3. State which one of the following gives the first four ionisation energies (IE) for

magnesium, Mg. [1]
I"E 2" 1E 3IE 4" IE / kJ mol
A 496 4563 6913 9544
B 578 1817 2745 11578
C 738 1451 7733 10541
D 1086 2353 4621 6223
4.  Sketch the electron density distribution for a hydrogen molecule, H,. [1]
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5. (a) Define the mole. [1]

(b) State the number of moles of each of the following present in 0-2 moles of
ammonium carbonate, (NH,),CO;:
(i) ammonium ions, NH4+; ............................................. mol [1]

(11)  hydrogen atoms, H. ... mol [1]

6.  Chlorine reacts with hydrogen sulphide according to the following equation.
Cl, + HS —— 2HCl + S

(a) Complete the following table by inserting in the appropriate unshaded boxes the
oxidation numbers of all the specified atoms in the equation. (2]

. Atom c | ' S
Species

Cl,

H,S

HCl

(b) On the basis of the oxidation numbers, state which atom is undergoing oxidation in
this reaction. [1]

Section A Total [10]
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SECTION B

Answer all the questions in the spaces provided.

7.  Although it does not occur naturally, Technetium (Tc), the element of atomic number 43,
is produced in nuclear reactors. One form of PTc is the radioactive isotope most widely
used in medicine to develop “body scan” images of internal body organs. This form of
PTe decays by the emission of y-radiation with a half-life of 6-0 hours.

(a) (1) Explain what is meant by y-radiation. [1]

(i) A sample of *Te, with concentration four times greater than the dosage
required to treat a patient, was prepared at 8:00 a.m. Calculate the time at
which the sample concentration of *Tc would have dropped to the correct
dosage to administer to the patient. (2]

(b) “Tc is not supplied directly to hospitals. Instead, a kit is supplied which has the
radioactive isotope *Mo in a glass vial contained within a lead case. *Mo has a
half life of 66 days, producing “Tc when it decays.

Mo —» PTc + X

(1) Identify the species, X, formed when “Mo decays to PTe. [1]
(i)  State the advantage of supplying *Mo rather than supplying PTe directly. [1]
(iii)  State the purpose of the lead case. [1]
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(c) One compound important in the study of technetium chemistry is potassium
pertechnetate. This compound contains 19:36% potassium (K), 48:96% technetium
(Tc), and 31-:68% oxygen by mass and has a relative molecular mass of 202-0.

(i) Determine the empirical formula and the molecular formula of potassium

pertechnetate.

EMPIricAl fOrMULQ ...................o.ooooooeoeooeeeeeeeoeeeeeeeeeeeeeseee e
(2]

MOLeCULAr FOTMULG ..................ccoooeoeeoeeeeoeeeeeeeeee e
[1]

i) A saturaged solution contains 315 g potassium pertechnetate dissolved to give
250 cm” solution. Calculate the concentration of saturated potassium
pertechnetate solution in mol dm™. [2]

(d) Technetium is a grey metal with a melting temperature of 2180 °C and is a good
conductor of electricity. Explain, in terms of the bonding in metals, why metals
such as technetium have high melting temperatures and are good conductors of
electricity. [3]

Total [14]
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8. (a) (1) Draw adot and cross diagram to show the bonding in a water molecule.  [1]

(ii)) Using Valence Shell Electron Pair Repulsion (VSEPR) theory, state and
explain the shape of a water molecule. [2]

(b) Water can form a coordinate bond to an H" ion to form H,O".

(i) Explain the term coordinate bond. [1]
(i1))  Give the shape of the H3O+ ion. [1]
(c) Explain how hydrogen bonding occurs in water. [3]
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(d) The following sketch shows the variation of the vapour pressure of liquid water
with temperature.

A

vapour pressure

Y

temperature

(i) Explain why vapour pressure increases with rising temperature. [2]

(i1)) On the same axes, sketch the curve of vapour pressure against temperature
which would apply if there were no hydrogen bonding present in water.  [1]

(i11)) Name the intermolecular force present in liquids where there are no
permanent polar bonds. [1]

(e) Steam is produced when a hydrogen / oxygen mixture is exploded.
2H,(g) + O,(8) —> 2H,0(g)

If a mixture of 0-40 mol hydrogen and 0-20 mol oxygen are completely reacted at
fixed pressure and 150 °C, calculate

(1) the decrease in the total number of moles of gas present, [1]

(i) the decrease in the volume of the gas.
(1 mole of gas occupies 34 dm’ at 150 °C) [1]

Total [14]
Turn over.
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9.
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Calcium bromide, CaBr,, is a white ionic compound soluble in water.

(a) Give one test in each case which would confirm the presence of calcium ions and
bromide ions in the compound.

(@71 L3117 o) L K

(b) State what would be observed, and write a balanced equation for the reaction, when
each of the following is added separately to calcium bromide solution.

(1) Chlorine, Cl, (2]
(0 /X 11 o) R

(i1)) Excess sodium hydroxide solution. (2]

ODSCVVALIOMNS oo
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Calcium bromide exists as a crystalline hydrate CaBr,.xH,O. If the molar
mass of the hydrate is 307-9 g mol ', calculate the value of x in the formula
CaBr,.xH,0. [2]

Name, and give the formulae of, the two anions formed when carbon dioxide

dissolves in water. [2]
INGITLC ..cooooooeoeoeeeeeeeeeeeeeeeeeeeeeeeeeee e Formula ...
INGILE ... Formula ...

State how the two anions differ in their reaction with a solution containing
calcium ions, such as calcium bromide. [2]

Total [14]
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10. This question concerns the elements in the third period of the Periodic Table:

(a)

(b)

(c)
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Na Mg Al Si P S Cl Ar

Give the symbol of the element from this period which

(i) has the highest melting temperature, ...
(i) is the most electronegative,
(iii)  has the largest atomic radius,
(iv) has a half-full p sub-shell of electrons, ...
(v) has the highest second ionisation energy. ...
Using elements in the third period, state the formula for

(i) omebasicoxide,
(ii)) ome covalent chloride.
Write balanced equations to show the reaction of

(i) chlorine with water,

[1]
[1]
[1]
[1]
[1]

[1]
[1]
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(d) (1) Discuss the ionic bonding present in a crystal of sodium chloride, NaCl.
Your answer should include

® adescription of the crystal structure of sodium chloride
® the crystal coordination numbers
® adescription of the electrostatic forces between the ions. [4]

(i1)) Explain why caesium chloride, CsCl, has a different crystal structure to
sodium chloride, NaCl. [1]

Total [14]

Section B Total [56]
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Rough work
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