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1. (a) Hydrogen exists as three isotopes with relative masses of 1, 2 and 3.
State the similarities and differences in the composition of these specific isotopes.

(2]

(b) The first two electronic energy levels in a hydrogen atom are shown on the diagram.

= o
n=>2
n=1

(i) Complete the diagram to show energy levelsn=3,n=4 and n = 5.

[1]

(iii) Mark with an arrow the energy change corresponding to the ionisation energy of hydrogen.

[2]
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(c) A student said that the ionisation energy of hydrogen could be calculated using the Balmer Series
of lines.

(i) In which part of the electromagnetic spectrum does the Balmer Series appear?

[1]

(i) Explain whether or not this student was correct.

[2]

(d) The diagram shows part of a plot of the first ionisation energy of elements against their atomic
numbers. Letters Q-T do not represent the symbols of the elements.

First ionisation
energy/ kJ mol™

Atomic number of element

(i) Write the equation for the change occurring for the first ionisation energy of element Q.

[1]

(i) In which group of the Periodic Table is element R found?

[1]
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(iii) Explain why the first ionisation energy of S is greater than that of T.

[3] QWC [1]

(Total 14)

2. lonisation energies and atomic spectra provide evidence for the arrangement of electrons in

atoms.

(a) The following diagram shows the first ionisation energies of the Period 3 elements.

First ionisation
energy f kJ maol™
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(i) State the meaning of the term molar first ionisation energy

(2]

(i) Draw a cross on the diagram to suggest the first ionisation energy of aluminium.

[1]

(iii) Explain why the value of the first ionisation energy of sulfur is less than that of phosphorus.

(2]

(b) The table below gives some ionisation energies for magnesium

1st 2nd 3rd 4th 5th

lonisation enerqy/ | 734 1450 10500 13629
kJ mol

(i) Explain why the second ionisation energy is greater than the first.

[1]

(i) Complete the table by suggesting a value for the third ionisation energy of magnesium.

[1]
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(c) Explain briefly how the lines in the visible atomic emission spectrum of hydrogen are formed and
why the lines become closer together at the high frequency end of the spectrum.

[4] QWC [1]

(Total 12)

3. Berian was asked to find the identity of a Group 1 metal hydroxide by titration.

He was told to use the following method.

1.
2.

w

No ok~

Fill a burette with hydrochloric acid solution.

Accurately weigh about 1.14 g of the metal hydroxide.

Dissolve all the metal hydroxide in water, transfer the solution to a volumetric flask then add
more water to make exactly 250 cm?® of solution.

Accurately transfer 25.0 cm? of this solution into a conical flask.

Add 2-3 drops of a suitable indicator to this solution.

Carry out a rough titration of this solution with the hydrochloric acid.

Accurately repeat the titration several times and calculate a mean titre.

Berian's results are shown below:

Mass of metal hydroxide = 1.14 g

Concentration of acid solution = 0.730 g HCI in 100 cm? of water

Mean titre = 23.80 cm?

(a) Give a reason why Berian does not simply add 1.14 g of metal hydroxide to 250 cm?® of water.

[1]
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(b) Name a suitable piece of apparatus for transferring 25.0 cm? of the metal hydroxide solution to a
conical flask.

[1]

(c) State why he adds an indicator to this solution.

[1]

(d) Suggest why Berian was told to carry out a rough titration first.

[1]

(e) Explain why he carried out several titrations and calculated a mean value.

[1]

(f) The equation for the reaction between the metal hydroxide and hydrochloric acid is given below.
M represents the symbol of the Group 1 metal.

MOH + HCl MClI + H,O

(i) Calculate the concentration, in mol dm-3, of the HCI in the burette.

[2]

(i) Calculate the number of moles of HCI used in the titration.

[1]
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(iii) Deduce the number of moles of MOH in 25.0 cm? of the solution.

[1]

(iv) Calculate the total number of moles of MOH in the original solution.

[1]

(v) Calculate the relative molecular mass of MOH.

[1]

(vi) Deduce the Group 1 metal in the hydroxide.

[1]

(Total 12)

4. Name an element that has a half-filled set of p-orbitals.

[1]

(Total 1)

Halogens and their compounds take part in a wide variety of reactions.

fal  Gwve the chemical name of a chlorine-containing compound of commercial or industrial
importance. State the use made of this compound. M
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(&)

Hydrogen reacts with 1odine in a reversible reaction.

Hylg) + Lig) = 2HI(g)

An equilibrium was established at 300 K. in a vessel of volume | dm?, and it was found
that 0.311 mol of hydrogen, 0.311 mol of iodine and 0.011mol of hydrogen iodide were
present.

(i)

(i1)

(111)

(1v)

Write the expression for the equilibrium constant in terms of concentration, K_.

[

Calculate the value of K at 300 K. [1]
K. =

What are the units of K_, if any? [1]

Equilibria of H,. 1, and HI were set up at 500 K and 1000 K and it was found that
the numerical values of K_were 6.25 x 10~ and 18.5 % 107 respectively.

Use these data to deduce the sign of AH for the forward reaction. Explain your
reasoning. [3]
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fc)  When concentrated hydrochloric acid is added to a pink aqueous solution of cobalt{IT)
chloride, the colour changes to blue.

Cobalt takes part in an equilibrium reaction.
[Co(H,0)**(aq) + 4CFlaq) == [CoCly*(ag) + 6H0()

(i)  What is the oxidation state of cobalt in [CoClJ* 7 [1]

(ii) What type of bonding is present in [CoClJ*? [1]

{111) Use the equation to identify the ions responsible for the pink and blue colours
described above. Explain why the colour change occurs when concentrated
hydrochloric acid 15 added to the pink solution. [3]

(iv) Draw diagrams to clearly show the shape of the [Co(H,0)** ion and the [CoClJ*
10n. [2]

[Co(H,0)* [CoClyf™

Total [14]
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6.

{a) A solution of calcium chloride was obtained by adding 0.40 g of calcium metal fo 80cm?
of hydrochloric acid of concentration 0.20 mol dm™3. The equation for the reaction is
Ca + 2HCI — CaCl, + H,

(i) Use the information given to show that an excess of calcium metal was used.

[3]

(ii) State one observation made during the reaction apart from the mixture becoming warm.

[1]

(b) A sample of a calcium compound E of mass 1.50g was added to 200 cm® of cold water
and the mixture heated until it all dissolved.

Use relevant information from the table to calculate the mass of compound E that
crystallised when the solution was cooled to 0°C.

[2]
Solubility of compound E 2
/g per 100 g of water Temperature / °C
013 0
0.75 50
122 100
NMass that crystallised= ... Q
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{c) A studentwas given a solution of calcium bromide and asked to carry out the reactions

shown in the diagram below.

calcium bromide solufion

aqueous chlorine
flame test aneni s 4

silver nitrate

(i) State the colour given in the flame test.

[1]

(i) State what was seen when aqueous silver nitrate was added.

[1]

(iii) Give the ionic equation for the reaction occurring in (ii).

[1]

(iv) State what was seen when aqueous chlorine was added to the solution of calcium bromide.

[1]

(v) Explain why chlorine reacted as described in (iv). Your answer should include:

the type of bonding and the species present in calcium bromide
the type of reaction occurring

why chlorine is able to react in this way

an appropriate equation

STEMUP.CO.UK
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(Total 16)

7. Ewan and Gwyneth are given four unlabelled bottles. They know that these contain the following

four solutions:
potassium carbonate sodium hydroxide  barium chloride magnesium nitrate

(a) Ewan predicted what will happen when each of the four solutions is added to the others, and
presented this information in the grid below.

Mmagtiesam barium chloride 5°d'”!“
nitrate hydroxide
potassium white white no visible
carbonate precipitate precipitate change
sodium
hydroxide
barium chloride
(i) Complete the three empty boxes with the observations expected in each of these cases. [2]

(i) Name the white precipitate formed when magnesium nitrate is mixed with potassium carbonate,
and write an ionic equation for its formation. [2]

Name of precipitate:
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(b) Gwyneth uses different tests to identify the four solutions. Each test allows her to distinguish
between some of the solutions. For each test state the solution(s) that would give a visible change
and the observation(s) that would be made.

(i) Addition of litmus solution

[1]

(i) Flame test

(2]

(iii) Addition of sodium sulfate solution

[2]

(c) Ewan and Gwyneth are provided with a white solid that they believe to be sodium bromide or
sodium iodide.

(i) They dissolve the solid in water to make a solution. Explain what occurs when an ionic solid such
as sodium bromide dissolves in water.

[2]
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(i) Gwyneth uses aqueous silver nitrate to identify the solution. Give the observations expected
when silver nitrate is added separately to solutions of sodium bromide and sodium iodide.

[2]

Observation with sodium bromide

Observation with sodium iodide

(iii) Ewan thinks that a further test is needed after addition of the silver nitrate to distinguish between
sodium bromide and sodium iodide. Give the reagent and observations for this further test.

(2]

Reagent

Observation with sodium bromide

Observation with sodium iodide

(iv) When bromine water is added to a solution of sodium iodide, a reaction occurs. Write an
equation for this reaction.

[1]

(Total 16)
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8. Magnesium is best known for burning with a characteristic brilliant white light, however in industry

it is the third most commonly used structural metal. The metal itself was first produced by Sir
Humphry Davy in 1808 by the electrolysis of a mixture of magnesia and mercury oxide.

@ Magnesium has three stable isotopes Mg, **Mg and **Mg.
() State the number of protons present in an atom of “*Mgz. [1]

(i) Deduce the number of neutrons present in an atom of “*Mg. [1]

(11) Inorder to calculate the relative atomic mass of magnesium, what would vou need
to know 1n addition to the relative mass of each 1sotope? 1]

(% Magnesium also has a radioactive isotope Mg which has a half-life of 21 hours.

() Ifyou started with 2.0 g of **Mg, calculate the mass of this isotope remaining after
£4 hours. 1]

(c) In order to obtain a mass spectrum of a gaseous sample of magnesium, the sample must be
ionised.

(i) State how the magnesium atoms are ionised in the sample.

[1]
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(i) Give a reason why it is necessary to ionise the magnesium atoms in the sample.

[1]

(iii) State how the ions of magnesium are separated.

[1]

@

Magnesium reacts with mtrogen forming magnesium mnifride, which 1s an 1onic
compound.

By inserting arrows to represent electrons, complete the boxes below to show the
glectronic configuration of a mitride 1on, N™™.

@

[
Is 23 2p 33 3p
Magnesium nitride reacts with water to form magnesium hydroxide and ammonia.
Mg.N, + HO —— Mg(OH), + NH,

(1) DBalance the equation above. [1]
(1) Calculate the minimum mass of magnesium nitride required to form 175 g of

magnesium hydroxide, grving your answer to three significant figures. [3]

(Total 14)
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9. calcium is present in teeth in the form of calcium phosphates. These do not react with water. The
element calcium, however, reacts with water to produce calcium hydroxide and hydrogen gas.

Ca(s) + 2H,0(1) —— Ca(OH),(aq) + H,(g)

(a) A student investigated the reaction between calcium and cold water. He added 2.0 g of calcium
to some water and collected the hydrogen gas formed.

Draw a labelled diagram of an apparatus that would be suitable for carrying out this reaction and
measuring the volume of hydrogen produced.

[2]

(b) The student repeated the reaction using the same mass of barium. He noticed that the volume of
gas, still at the same temperature and pressure, was less.

(i) Give the reason why the volume of gas produced was less.

[1]

(i) Suggest another difference that the student would observe when barium was used in place of
calcium.

Explain your answer

(2]
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(c) The student did not label the flasks containing the solutions after the reactions with calcium and
with barium.

Give a test that would distinguish between these solutions. Include the result of your test for both
solutions.

[2]

(d) Calcium oxide also reacts with water to produce calcium hydroxide. Draw a dot and cross
diagram to show the bonding in calcium oxide. Show only the electrons in outer shells.

(2]

(e) Barium, as barium sulfate, is used medicinally in barium meals since it is insoluble in water and
shows on x-ray images.

(i) Starting from the solution of barium hydroxide the student produced in (b), describe how he could
obtain a pure, dry sample of barium sulfate.
You should include an ionic equation for the reaction.

[3]

(i) Calculate the maximum mass of barium sulfate that the student could make, starting with 2.0 g of
barium.

[2]

MASS = oo g (Total 14)
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10. (a) Sodium and potassium both react with cold water but their reactivities are different. The first
ionisation energy affects the reactivity of Group 1 elements.

(i) Give an observation that shows the difference in reactivity with cold water between sodium and
potassium

[1]

(ii) Describe the trend in the first ionisation energy of Group 1 elements and explain why this trend
occurs.

[2]

(iii) Explain how this trend affects the reactivity of Group 1 elements.

[1]

(b) A GCSE student said that, apart from metallic bonding, bonds were either ionic or covalent. An A
level student said that this was not really true and that bonds could be intermediate between ionic
and covalent.

(i) State one factor that governs what type of bond elements form and explain how this leads to
different types of bonding.

[2]
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(ii) Describe the electron density in each type of bond

lonic

[3]

Covalent

Intermediate

(c) Compound A is the oxide of a metal.

The diagram shows some reactions of compound A, and associated compounds, that
can be carried out in the laboratory.

metal oxide
H,0 A heat
metal hydroxide -
excess
CO,(g) NaOH(aq)
HCl(aq) concentrated aqueous
B solutionof C

flame test

gives brick-red flame
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(i) What metal is present in compound A?

[1]

(ii) What compound containing the metal is present in the aqueous solution C?

[1]

(iii) Describe the appearance of the contents of the test tube with compound D.

[1]

(iv) Write the ionic equation for the reaction between solution C and aqueous sodium hydroxide.

[1]

(Total 13)
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(ii)

Energy required to remove one mole of electrons from one mole of
atoms / to form one mole of positive ions from one mole of atoms (1)
in the gaseous state (to form 1 mol of gaseous ions) (1)

{Accept correct equation) [2]

Cross between Ma and Mg crosses [1]

P only has unpaired electrons, S has a pair of electrons in 3p

orbital (1)

Repulsion between the paired electrons makes it easier to remove
one of the electrons (1) [2]

Effective nuclear charge is greater / electron being removed from a
positive ion [1]

Accept from 6000 to 9000 [1]

Lines are formed from electron being excited and jumping up to a higher
energy level (1)

Falling back down to the n = 2 level (1)

Emitting energy / photon of light (1)

Lines become closer since the electron energy levels of a hydrogen atom
become closer (1) [4]

QWC Selection of a form and style of writing appropriate to purpose and to
complexity of subject matter [1]

Total [12]
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(d)

(e)

Weighing bottle would not have been washed / difficult to
dissolve solid in volumetnc flask / final volume would not
necessarily be 250 cm® [1]

Pipette [1]

To show the end point / when to stop adding acid /
when it's neutralised [1]

So that a certain volume of acid can be added quickly before
adding drop by drop / to save time before doing accurate

titrations / to give a rough idea of the end point [1]
To obtain a more reliable value [
(1) Moles = 0.730/36.5 = 0.0200 (1)

Concentration = 0.02/0.1 = 0.200 mol dm_a (1) [2]

(i)  Moles =0.2 x 0.0238 = 0.00476 [1]
(i) 0.00476 [1]
(iv) 0.00476 x 10 = 0.0476 [1]
(v)  M;=1.14/0.0476 = 23.95 [1]
(vi)  Lithium [1]

- mark consequentially throughout (f)
Total [12]
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nitrogen / phosphorus (or any other Group 5 element) [1]

(a) Name of any commercially/ industrially important chlorine containing compound e.g.
(sodium) chlorate(l) as bleach/ (sodium) chlorate(\V) as weedkiller/ aluminium chloride as
catalyst in halogenation

- do not accept CFCs [11
(b) (i) K.= [HI must be square brackets [11
[Hall2]
M E=0117 =15 x1 follow through error (ft) 11
AT
(iii} K. has no units ft [11

(iv) when temperature increases K, increases (1)

this means equilibrium has moved to RHS
/ increasing temperature favours endothermic reaction (1)

therefore AH for forward reaction is +ve (1)

(mark only awarded if marking point 2 given) [31
(c) (i) 12 [11
(i) co-ordinate/ dative (covalent) [11

(iii) pink is [Co(H,0)]** and blue is [CoCl,]* (1)

(ligand is) CI” (1)

(addition of HCI sends) equilibrium to RHS (1) [3]
(iv) [CO{H20}5]2+ shown as octahedral [with attempt at 3D] (1)

[COCL;]Z' shown as tetrahedral/ square planar (1) [2]

Total [14]
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(a) (i) NMumberof molesof HCl = 80=020 = 0016 (1)

1000
Mumber of moles of calciumneeded = 0.008 (1)
Mumber of moles of calciumactuallyused = 040 = ~0.010 (1)
i)
(-.calciumis presentin excess)
[Calculation could be carfied out in grams] [3]

(ii) gas bubbles /effervescence /some calcium ‘dissohves’ /
colourless solution produced [1]

(b) Massof E insolutionat0*C = 013=2 = 026g (1)

- Cluantity precipitated = 150-026 = 124g (1) [2]
(C) (i) Brick red / orange-red [1]
(ii) Cream predpitate (accept off-white precdipitate) [1]
i) Ag + Br — AgBr [1]
(V) Red / brown solution [1]

(v} Calcium hrnmidg_is anioniccompound(1)
and contains Ca” andBr ions(1)
Chlorine reacts with the bromide ions in a redox/
displacement reaction (1)
Chlorine is a more powerful oxidising agent/has a greater affinity for
electrons than bromine (1)

°8r + Cl, = Br, + 2C1 1) [5]

QW C: ensure that text is legible and that spelling, punctuation and
grammar am accurate so that the meaning is clear [1]

Total [16]
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(v)

Magnesium barnum sodium
nitrate chionde hydroxide
potassium white white no visible
carbonate precipitate precipitate change
sodium WHITE NO VISIBLE
hydroxide PRECIPITATE CHANGE

barnum chlonde MO VISIBLE
CHAMNGE

All three cormrect for 2 marks, two comrect for 1 mark [2]

Mame of precipitate: Magnesium carbonate (1)
lonic equation: Mg* + COs* — MgCQs (1) [2]

Sodium hydroxide solution would tum blue/purple

[lgnore references to potassium carbonate] [1]
Potassium carbonate would give alilac flame

Sodium hydroxide would give a golden yellow flame

Barium chlorde would give an apple green flame

(2 for all correct, 1 mark for 2 correct)

1 max if any reference to white flame for magnesium [2]
Barnum chlonde (1) White precipitate (1) [2]

Sodium ions surrounded by & on oxygen atoms of water (1)

Bromide ions surrounded by &+ on hydrogen atoms of water (1)
Marks can be obtained from a labelled diagram — must show minimum
of two oxygen/hydrogen atoms around sodium/bromide ions [2]

Observation with sodium bromide  cream precipitate (1)
Observation with sodium fodide yvellow precipitate (1) [2]

Reagent: (dilute) ammonia solution (1)
Observation with sodium bromide: precipitate dissolves in part
Observations with sodium iodide: precipitate does not change
both observations required for (1)
[If concentrated ammonia (1) used then sodium bromide
will dissolve completely] [2]

2Mal + Br: — 2NaBr + I3 allow ionic equation [1]

Total [16]
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(1)
(i)

(1)

(i)

(ir)

(i)

1s

12 [1]
14 1]

Percentage / abundance / ratio / proportion of
each isotope [1]

0.125g [1]

e.g. Cobalt-60 (1) in radiotherapy (1) / Carbon-14 (1) in
radio carbon dating (1) / lodine-131 (1) as a tracer in
thyroid glands (1) [2]

Atoms are hit by an electron beam / electrons fired from
an electron gun (and lose electrons) [

To be able to accelerate the 1ons (to high speed) [ so that
they can be deflected by a magnetic fild
- no cradit for 'so that afoms can be deflected. .’

[1]

They are deflected by a magnetic field / according to the
m/z ratio [1]

25 2p 3s 3p

l-l

e

(i)

[1]
MgN, + 6H,0 ———» 3Mg(OH), + 2NH,  [1]
moles Mg(OH), = 1.75/58.32 = 0.0300 (1)
moles Mg,N, = 0.0100 (1)
mass Mg,N,=0.01x 100.9=1.01g (1) 3]

- must be 3 significant figures to gain third mark

Total [14]
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(b)

(c)

(e)

apparatus in which reaction can occur, e g. flask/ test tube, and
delivery/ rubber tube (1)

apparatus in which to measure volume of gas, e.g. over water with
measuring cylinder/ gas synnge (1) [2]

(1) fewer moles of barium used / barium has a higher A; 11

(i)  reaction faster/ more vigorous! less cloudy solution formed with
banum (1)

because ionisation energy of barum is less/ electrons lost more

easily from barum/ barium is lower in the group/

banum hydroxide i1s more soluble (1) [2]
flame test (1) brick red for calcium and (apple) green for barium (1)
OR

add sulfunic acid/ sodium sulfate solution/ potassium sulfate solution (1)

white precipitate with Ba®, less precipitate/ no precipitate with Ca®® (1)
[2]

electrons correct — oxide ion clearly shows that 2 electrons originated
from calcium atom (1)

charges comect (1) [2]
(1) add sulfunc acid/ sodium sulfate solution/ potassium sulfate
solution (1)
filter (1)
Ba™ + S0.7 — BaS04 (1)
- state symbaols ignored [3]
(i)  moles Ba=2M137 (1)
mass BaS0s=2x 2331 =34 (g) (1) [2]
137
Total [14]
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10.

(i)

(i)

(i)

(i)
(i)
(iv)

Potassium bursts into flames sodium does not / potassium darts about
surface more vigorously than sodium [1]

1%! ionisation energy decreases as group is descended / as element
has higher A: (1)

(Atom) becomes larger / outer electron further from nucleus /
more shielding / less effective nuclear charge (1) [2]

As group descended outer electron more easily lost [1]

Electronegativity (difference between the atoms) (1)

The bigger the difference the more likely is an ionic bond / ORA for
covalent (1) [2]

lonic: high electron density centred round ions / shown on diagram (1)

Covalent: high electron density between nuclei/atoms / shown on
diagram (1)

Intermediate: high electron density between nucleifatoms but higher
nearer one of them / ions with electron distortion of negative ion (1) [3]

Calcium [1]
Calcium chloride/ CaClz — error carried forward (ecf) from (i) [1]
White precipitate/ solid — ecf from (i) [1]

Ca* + 20H" — Ca(OH)z (ignore state symbols) — ecf from (i) [1]
FPenalise incorrect metal once only in (c)

Total [13]
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