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Transition Unit for Year 12 Chemistry

You should receive this booklet when you register to study
A-Level chemistry at Dormers Wells High School. In
preparation for the start of the course please complete the

following:

1. The worksheets included in this booklet
2. Revision notes on the topic of The Structure of the
Atom, following completion of the CGP Head Start to A-
Level Chemistry book section 1 (included)
3. A piece of work based on your own research

Completion of the tasks will be assessed early in the course.




Preparatory tasks for A-Level chemistry

A-Level chemistry is a very demanding subject, for which reason it is very important that you make a
confident start to your studies from the very beginning of year 12. The following tasks should be
undertaken in order to prepare you to make such a start.

1. Recap and extension of GCSE content

Please complete the worksheets included in this booklet to help prepare you for the topics you will
first encounter in year 12.

2. Making Use of the “Head Start to A-Level Chemistry” book

You are strongly encouraged to purchase a copy of the CGP ‘Head Start to A-Level Chemistry’ book
designed to bridge the gap between GCSE and A-Level (ISBN 978 1 78294 280 1,
www.cgpbooks.co.uk). If you make full use of this book then you will have the required prior

knowledge from GCSE, ready for the relevant section of the A-Level chemistry course; this will make
it much easier for you to make the transition from GCSE to A-Level.

Section 1 (The Structure of the Atom) is attached to this document: please complete it as part of this
‘transition unit’ and make some revision notes on this topic. You are strongly encouraged to
complete sections 2 (Formation of lons), 5 (Chemical Equations) and 11 (Calculations) by October
half-term, and all remaining sections by the end of the Autumn term.

3. Research

Undertake some individual research based on one of the following topics and present your work (a
minimum of 500 words plus relevant diagrams) as a written document; make sure you list and make
reference to sources that you have consulted.

Suggested topics:

1. The development of the Periodic Table
2. The contributions of chemistry to drug development

3. The work of a particular notable chemist — eg. Harry Kroto and buckminsterfullerene: ‘how
does this relate to the development of nanochemistry/nanotechnology?’ or ‘how does it
compare to other allotropes of carbon?’

4. A particular element, detailing its properties and value to mankind
5. The importance of the ‘mole concept’ in science

6. If you are interested in studying medicine, evaluate why chemistry is considered to be an
essential subject to study at A-Level.



Compounds should have no overall charges, so the positive and negative charges should
cancel each other out.

Apart from working out the charges on ions made up of one element, you need to know
the following compound ions and their charges.

Name Formula Charge
hydroxide OH~ 1-
nitrate NOs™ 1-
sulfate S0,%” 2-
carbonate CO5>” 2-
ammonium NH," 1+

Follow these steps.

Write the name of the compound Magnesium Sodium sulfate
bromide
Work out the charge of your positive ion = Mg** Na*

group number, or 1+ for ammonium.

Work out the charge of your negative ion = Br~ S04+
group number - 8 or known charge for a
compound ion.

Rewrite the symbols; put a bracket around Mg®t  Br Na® SO0.,%”
any compound ion. Mg Br Na (SO.)
Swap the numbers of the charges and drop MgBr; Na,(S0,4)

them to the opposite ion.

Make sure all state symbols are included.

Identify the species that are aqueous, using the rules of solubility.
Look at the cation - is it Group 1 or ammonium? If so — soluble.
Look at the anion - is it a nitrate? If so — soluble.

Proceed only if you have ruled out 1 and 2.

Is the anion a halide (chloride, bromide or iodide)?

If so, look at the metal - lead or silver? If so — insoluble.

N B o

Is the anion a sulfate?

If so, look at the metal - barium, calcium, lead? If so — insoluble.

Is the anion a hydroxide?

If so, look at the metal - transition metal or Group 2 (after Ca)? If so — insoluble.

0O NGO Ul A W e



e Split all the soluble salts into their aqueous ions on both sides - remember to write
the numbers in front of the ions for multiples.

e Cancel out the ions that appear on both sides - again pay attention to numbers.

e Write your final equation (always keep the state symbols unless specifically told
not to!).

To work out masses of reactants and products from equations, follow these steps.

Steps to follow Example Example

5 g of Ca reacted with excess = When MgCO; was heated
chlorine. What mass of CaCl, | strongly, 4 g of MgO was

is formed? formed. What is the mass of

MgCOs; that was heated?

Write the balanced Ca + Cl, — CaCl, MgCO; — MgO + COy(q

equation.

Write the masses 5g (excess) ? ? 4 g

given.

Find the A, or M.. 40 111 84 40

Divide by the atomic 5 ) ? 2, 4

or molecular mass 40 ' 111 84 40

(step 2 + step 3).

Treat these like ratios, @ Mass of CaCl, = Mass of MgCO; =

rearrange to find the (5x111) +40=139g (4 x84)+-40=8.4g

unknown (?).

Note: if you are told something is in excess, do not use it in the calculation!

The calculations above dealt with the masses you get or use if the reaction is 100%
complete.

Most reactions are not 100% complete for the following reasons:

e not all the reactant reacts

e some is lost in the glassware as you transfer the reactants and the products
e some other products might be formed that you do not want.

This is a problem in industry. Less of the desired product has been made, so there is less
to use or sell, and the waste has to be disposed of. Waste products can be harmful to
the environment, e.g. the one above produces the greenhouse gas CO,. Industries try to
choose reactions that minimise waste and do not produce harmful products. They also
try to make the rate of reaction high enough to make the reaction turnover fast so they
can increase production and make money.

To work out % vyield: use the balanced equation to work out how much of the given
product you should get if the reaction is 100% efficient - this is the theoretical yield.

actualyieldx 100
theoreticd yield

Then: % yield =



Complete the following sentences and definitions to give a summary of

this topic.

Structure of an atom

The nucleus contains ...

The electrons are found in the ...

To work out the number of each sub-atomic particle in an atom we use the Periodic

Table (PT). The number of protons is given by ...

In a neutral atom the number of electrons is ...

To work out the number of neutrons we ...

Vocabulary

State what is meant by the following terms.
9 Relative atomic mass

10 Relative molecular mass

11 Isotope

12 Relative isotopic mass

Structure of an ion

When an atom becomes an ion, only the number of

For positive ions this

changes.

to the charge on the ion.

For negative ions this

by the number equivalent

by the number

equivalent to the charge on the ion.



Write the formulae of the following compounds.

Copper(II) sulfate

Nitric acid

Copper(II) nitrate

Sulfuric acid

Sodium carbonate

Aluminium sulfate

Ammonium nitrate

Nitrogen dioxide

Sulfur dioxide

Ammonia

Ammonium sulfate

Potassium hydroxide

Calcium hydroxide




Complete the table below to show the substance, its formula and its

individual ions.

Substance

Sodium bromide

Silver nitrate

Copper(II) sulfate

Magnesium carbonate

Lithium carbonate

Aluminium nitrate
Calcium phosphate
Potassium hydride

Sodium ethanoate

Potassium dichromate(VI)
Zinc chloride

Strontium nitrate
Sodium chromate(VI)

Calcium fluoride
Potassium sulfide
Magnesium nitride

Lithium hydrogensulfate

Formula

KI

NaHCO3

Ca(HS0,),

KMnO4

(NH4)2S04

Cation
(exact number)

Anion
(exact number)



Write: (a) the chemical equation and (b) the ionic equation for each of the
following reactions.

1 Magnesium with sulfuric acid

2 Calcium carbonate with nitric acid

3 Hydrochloric acid with sodium hydroxide

4 Aqueous barium chloride with aqueous sodium sulfate

5 Agqueous sodium hydroxide with sulfuric acid

6 Agqueous silver nitrate with aqueous magnesium chloride

7 Solid magnesium oxide with nitric acid

8 Aqueous copper(Il) sulfate with aqueous sodium hydroxide

9 Agqueous lead(II) nitrate with agueous potassium iodide

10 Aqueous iron(III) nitrate with aqueous sodium hydroxide



Section 4

The mole

When chemists measure how much of a particular chemical reacts they measure the amount in
grams; or they measure the volume of a gas. However, chemists find it convenient to use a unit
called a mole. You need to know several definitions of a mole and be able to use them.

The mole is the amount of substance, which contains the same number of particles (atoms,
ions, molecules, formulae or electrons) as there are carbon atoms in 12 g of carbon -12

This number is known as the Avogadro constant, L, and is equal to 6.02 x 10% mol™!
The molar mass of a substance is the mass, in grams, of one mole

The molar volume of a gas is the volume occupied by one mole at room temperature and
atmospheric pressure (r.t.p). It is equal to 24 dm” at r.t.p

Avogadro’s Law states that equal volumes of all gases, under the same conditions of
temperature and pressure contain the same number of moles or molecules. If the volume is
24 dm’, at room temperature and pressure, this number, once again, is the Avogadro
constant.

When you talk about moles, you must always state whether you are dealing with atoms,
molecules, ions, formulae etc. To avoid any ambiguity it is best to show this as a formula.
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Example calculations involving the use of moles

These calculations form the basis of many of the calculations you will meet at A level.
Example 1

Calculation of the number of moles of material in a given mass of that material

a Calculate the number of moles of oxygen atoms in 64 g of oxygen atoms. You need the
mass of one mole of oxygen atoms. This is the Relative Atomic Mass in grams, in this case it
is 16 g mol .

mass in grams
number of moles of atoms = g

molar mass of atoms

. number of molesof oxygen = 64 g of oxygenatoms

molar mass of oxygen of 16 gmol™

= 4 moles of oxygen atoms

b Calculate the number of moles of chlorine molecules in 142 g of chlorine gas.

mass in grams
number of moles of atoms = g

molar mass of atoms

The first stage of this calculation is to calculate the molar mass of Chlorine molecules.
Molar mass of Cl, =2 x 35.5=71 g mol '

. number of molesof chlorine = 142 g of chlorine gas

molarmass of chlorineof 71gmol™

= 2 moles of chlorine molecules
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¢ Calculate the number of moles of CuSO,4.5H,0 in 100 g of the solid.
The Relative Molecular Mass of CuSO,4.5H,0 =
[63.5+ 32+ (4x 16)+ 5{(2x1) + 16}] =249.5 g mol '

100gof CuSO,.5H,0

". number of molesof CuSO,.5H,0 = 5
molecularmass of CuSO,.5H,0 of 249.5 gmol

= 0.4008 moles of CuS0O,.5H,0 molecules

Example 2

Calculation of the mass of material in a given number of moles of that material

The mass of a given = the mass of X the number of moles of
number of moles 1 mole material concerned

a Calculate the mass of 3 moles of sulphur dioxide SO,
1 mole of sulphur dioxide has a mass = 32 + (2x16) = 64 g mol '
.. 3molesof SO, =3x64=192¢g

b What is the mass of 0.05 moles of Na,S,05.5H,0 ?

1 mole of Na,S,03.5H,0 =[(23 x2) +(32x2) + (16 x 3)] + 5[(2 x 1) +16]
=248 g mol'

.. 0.05 moles of Na,S,05.5H,0=0.05x248 =124 ¢

UA008883 — Workbook for GCE students — Moles, Formulae and Equations 29
Edexcel Advanced GCE in Chemistry (9080)
Edexcel Advanced GCE in Chemistry (Nuffield) (9086) — Issue 3 — October 2004




Example 3

Calculation of the volume of a given number of moles of a gas

All you need to remember is that 1 mole of any gas has a volume of 24 dm® (24000 cm®) at
room temperature and pressure.

The volume of a given number = number of moles X 24000 cm®
of moles of gas

a  What is the volume of 2 mol of carbon dioxide?

Remember you do not need to work out the molar mass to do this calculation as it does not
matter what gas it is.

*. 2 moles of carbon dioxide = 2 x 24000 cm’ = 48000 cm® = 48 dm®

b  What is the volume of 0.0056 moles of chlorine molecules?

Volume of 0.0056 moles of chlorine = 0.0056 x 24000 cm’ = 134.4 cm®

Example 4

Calculation of the number of moles of gas in a given volume of that gas

volume of gasincm’

number of moles of gas = :
24000cm

a  Calculate the number of moles of hydrogen molecules in 240 cm’ of the gas.

3
number of moles = 240& = (0.010moles

24 000cm’

b How many moles of a gas are there in 1000 cm’ of the gas?

1000cm’
number of molesof gas = ————— = 0.0147moles
24000cm
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Example 5

Calculation of the volume of a given mass of gas
This calculation require you to apply the skills covered in the previous examples
Calculate the volume of 10 g of hydrogen gas.

This is a two-stage calculation a) you need to calculate how many moles of hydrogen gas are
present, and b) you need to convert this to a volume.

10 gof hydrogen(H,)

". number of molesof hydrogen(H,) = .
molecularmass of hydrogen (H, ) of 2 gmol

= 5 moles
~. 5 moles of hydrogen = 5 x 24000 cm’ = 120000 cm’ = 120 dm’

Example 6

Calculation of the mass of a given volume of gas
This calculation require you to apply the skills covered in the previous examples
Calculate the mass of 1000 cm’ of carbon dioxide

Again this is a two-stage calculation a) you need to calculate the number of moles of carbon
dioxide and then b) convert this to a mass.

1000cm’ of CO,
volumeof I moleof CO, of 24000cm’

. number of molesof CO, =

= 0.0147 moles

.. 0.0147 moles of carbon dioxide =0.0147 x 44 g=1.833 g
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Example 7

Calculation of the molar mass of a gas from mass and volume data for the gas

Calculations of this type require you to find the mass of 1 mole of the gas, ie 24 000 cm’. This is
the molar mass of the gas.

eg Calculate the Relative Molecular Mass of a gas for which 100 cm® of the gas at room
temperature and pressure, have a mass of 0.0667 g

100 cm’ of the gas has a mass of 0.0667 g

0.0667 gx24000cm’
. 24000cm’ of the gas must havea massof = £ 3
100cm
= lé6g
. The molar mass of the gas is 16 g mol™
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Exercise 4a

Calculation of the number of moles of material in a given mass of that

material

In this set of calculations all the examples chosen are from the list of compounds whose molar

mass you calculated in exercise 1.

In each case calculate the number of moles of the material in the mass stated.

1 9.00 g of H,O

2 88.0 g of CO,

3 1.70 g of NH3

4 230 g of C,HsOH

5 560 g of C2H4

6 0.640 g of SO,

7 80.0 g of SO;

8 18.0 g of HBr

9 0.0960 g of H,SO,

10 3.15 g of HNO;

11 19.3 g of NaCl

12 21.25 g of NaNO;

13 2.25 g of Na,CO;

14 0.800 g of NaOH

15 17.75 g of Na,SO4
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16 3.16 g of KMnOy
17 32.33 g of K,CrO4
18 100 g of KHCO;4
19 7.63 g of KI
20 3.90 g of CsNO;
21 0.111 g of CaCl,
22 41.0 g of Ca(NO;),
23 1.48 g of Ca(OH),
24 3.40 g of CaSO,
25 41.6 g of BaCl,
26 14.95 g of CuSO4
27 13.64 g of ZnCl,
28 1.435 g of AgNO;
29 13.76 g of NH4Cl
30 13.76 g of (NH4),SO4
31 23.4 g of NH4VO;
32 10.0 g of KCIO;
33 10.7 g of KIO;
34 100 g of NaClO
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35 1.70 g of NaNO,

36 50.9 g of CuS0O4.5H,0

37 19.6 g of FeSO,.7H,0

38  9.64 g of (NH4)2SO4.Fey(SO4);.24H,0
39 12.4 g of Na,S,0;.5H,0

40 32.0 g of (COOH),.2H,0

41 3.075 g of MgS0,4.7H,0

42  40.0 g of Cu(NH;)4S04.2H,0
43 6.00 g of CH;CO,H

44 3.10 g of CH;COCH;

45  0.530 g of C¢HsCO,H

46  4.79 g of AICI;

47 56.75 g of AI(NO;);

48 8.35 g of AL,(SO4)3

49 3.8 g of FeSO,

50 200 g of FeCl,
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Exercise 4b

Calculation of the mass of material in a given number of moles of the
material

In each case calculate the mass in grams of the material in the number of moles stated.

1 2 moles of H,O

2 3 moles of CO,

3 2.8 moles of NH3

4 0.50 moles of C;H;OH

5 1.2 moles of C,Hy

6 0.64 moles of SO,

7 3 moles of SO;

8 1 mole of HBr

9 0.012 moles of H,SO4

10 0.15 moles of HNO;s

11 0.45 moles of NaCl

12 0.70 moles of NaNOs

13 0.11 moles of Na,CO;

14 2.0 moles of NaOH

15 0.90 moles of Na,SO,

16 0.050 moles of KMnOy4
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17 0.18 moles of K,CrOy4

18 0.90 moles of KHCO;

19 1.5 moles moles of KI

20 0.12 moles of CsNOs

21 0.11 moles of CaCl,

22 4.1 moles of Ca(NOs3),

23 0.0040 moles of Ca(OH),

24 0.10 moles of CaSO,

25 0.21 moles of BaCl,

26 0.10 moles of CuSO,

27 0.56 moles of ZnCl,

28 0.059 moles of AgNO;

29 0.333 moles of NH,4Cl

30 1.1 moles of (NH4),SO4

31 0.025 moles of NH4VO5

32 0.10 moles of KCIO;

33 0.10 moles of KIO;

34 10 moles of NaClO

35 0.0010 moles of NaNO,
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36 0.20 moles of CuS0O,.5H,O

37 0.10 moles of FeSO,.7H,O

38 0.0050 moles of (NH4)»SO4.Fey(SO,4);.24H,0
39 0.040 moles of Na,S,05.5H,0

40 2.4 moles of (COOH),.2H,0

41 3.075 moles of MgS0,.7H,0

42 0.15 moles of Cu(NH;)4S04.2H,0
43 0.17 moles of CH;CO,H

44 0.20 moles of CH;COCH;

45 0.080 moles of CcHsCO,H

46 0.0333 moles of AICI;

47 0.045 moles of AI(NO;);

48 0.12 moles of Al,(SOy)3

49 2.0 moles of FeSO,4

50 11 moles of FeCl,
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Section 5

Using the idea of moles to find formulae

You can find the formula of copper(Il) oxide by passing a stream of hydrogen over a known
mass of copper oxide and weighing the copper formed.

Boat containing
copper oxide

£ 1 i 4 1
Dry hydrogen—» —>
- [ 'I
HEAT

e A known mass of copper(Il) oxide is used.

e A stream of hydrogen from a cylinder is passed over the copper until all the air has been
swept out of the apparatus.

e [tis heated to constant mass (until two consecutive mass determinations at the end of the
experiment are same) in a stream of dry hydrogen.

e The mass of the copper is finally determined.

Note:

e Excess hydrogen must not be ignited until it has been tested (by collection in a test tube) to

make sure that all the air has been expelled from the apparatus. If the hydrogen in the test
tube burns quietly, without a squeaky pop, then it is safe to ignite it at the end of the tube.

e The combustion tube is tilted to prevent the condensed steam from running back on to the
hot part of the tube.

e  When the reduction process is complete, ie after heating to constant mass, the tube is
allowed to cool with hydrogen still being passed over the remaining copper. This is to
prevent the copper from being oxidized to copper(Il) oxide.

The working on the next page shows you how to calculate the results:

Typical results

Mass of copper (II) oxide =5¢g
Mass of copper =4g
Mass of oxygen =1lg
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+ by relative atomic + by smallest Ratio of atoms
mass (r.a.m)

Moles of copper 4 0.0625 0.0625 _ ! .
atoms 64 0.0625
Moles of oxygen 1 — 0.0625 0.0625 1 |
atoms I 0.0625

Therefore, the simplest (or empirical) formula is CuO.

The apparatus may be modified to determine the formula of water. Anhydrous calcium chloride
tubes are connected to the end of the combustion tube and the excess hydrogen then ignited at
the end of these tubes. Anhydrous calcium chloride absorbs water; the mass of the tubes is
determined at the beginning and end of the experiment. The increase in mass of the calcium
chloride tubes is equal to the mass of water produced.

Typical results

Mass of water = 1.125¢

Mass of oxygen (from previous results) = 1.000 g

Mass of hydrogen =0.125¢g

+ by r.a.m + by smallest Ratio of atoms

Moles of hydrogen 0.125 _ 0.125 0.125 _ ) 5
atoms 1 ' 0.0625
Moles of oxygen 1 0.0625 0.0625 _ 1 .
atoms 16 ' 0.0625

Since the ratio of hydrogen to oxygen is 2:1 the simplest (or empirical) formula is H,O.

In examination calculations of this type the data is often presented not as mass, but as
percentage composition of the elements concerned. In these cases the calculation is carried out
in an identical fashion as percentage composition is really the mass of the element in 100 g of
the compound.
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Example 1

Sodium burns in excess oxygen to give a yellow solid oxide that contains 58.97% of sodium.
What is the empirical formula of the oxide?

N.B. This is an oxide of sodium. It must contain only Na and O. Since the percentage of Na is
58.97 that of O must be 100 — 58.97 = 41.03%

+byr.am + by smallest Ratio of atoms
Moles of sodium 5897 _ ) 564 2.564 _ 1 |
atoms 23 2.564
Moles of oxygen 41.03 _ 1564 2.564 1 .
atoms 16 2.564

Therefore the empirical formula is NaQO.

The result of the above calculation does not seem to lead to a recognisable compound of
sodium. This is because the method used only gives the simplest ratio of the elements - but see
below.

Consider the following series of organic compounds:

C,H, ethene, C3H¢ propene, C4Hg butene, Cs Hy pentene. These all have the same empirical
formula C H,

To find the Molecular Formula for a compound it is necessary to know the Relative Molecular
Mass (M,).

Molecular Formula Mass = Empirical Formula Mass x a whole number (n)

In the example above the oxide has an M, = 78 g mol .

Thus
Molecular Formula Mass = 78
Empirical Formula Mass = (Na+Q0)=23+16=39
78 = 39xn
n =2

The Molecular Formula becomes (NaO), or Na,O,
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Example 2

A compound P contains 73.47% carbon and 10.20% hydrogen by mass, the remainder being
oxygen. It is found from other sources that P has a Relative Molecular Mass of 98 g mol™.
Calculate the molecular formula of P.

NB It is not necessary to put in all the details when you carry out a calculation of this type. The

following is adequate.

C H (0]
73.47 10.20 (100 —73.47 - 10.20)
=16.33
73.47 10.20 16.33
By r.a.m —_— —_— —_
12 1 16
=6.1225 =10.20 =1.020
6.1255 10.20 1.020
By smallest — —
1.020 1.020 1.020
Ratio of atoms 6 10 1

Therefore the empirical formula is C¢H;O.

To find molecular formula:

Molecular Formula Mass
98

.o n

=  Empirical Formula Mass x whole number (n)
[(6x12) + (10x1)+ 16]xn=98 x n
= 1

The molecular formula is the same as the empirical formula C¢H;,0.

54
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A warning

In calculations of this type at GCE Advanced level you may meet compounds that are different
yet have very similar percentage composition of their elements. When you carry out a
calculation of this type you should never round up the figures until you get right to the end. For
example NH,OH and NH,OH have very similar composition and if you round up the data from
one you may well get the other. If you are told the Relative Molecular Mass and your Empirical
Formula Mass is not a simple multiple of this you are advised to check your calculation.

Example 3
Calculate the empirical formula of a compound with the following percentage composition:

C 39.13%; O 52.17%; H 8.700%

C (0] H
39.13 52.17 8.700
By r.am
12 16 1
=3.26 =3.25 =8.70
Divide by smallest 1 1 2.66

It is clear at this stage that dividing by the smallest has not resulted in a simple ratio. You must
not round up or down at this stage. You must look at the numbers and see if there is some
factor that you could multiply each number by to get each one to a whole number. In this case if
you multiply each by 3 you will get:

Thus C3HgOs is the empirical formulae not C1{H,.¢604

You need to watch carefully for this, the factors will generally be clear and will be 2 or 3. What
you must not do is round 1.33 to 1 or 1.5 to 2.
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Calculations involving the moles of water of crystallization

In calculations of this type you need to treat the water as a molecule and divide by the Relative

Molecular Mass.

Example 4

24.6 grams of a hydrated salt of MgSO, xH,0, gives 12.0 g of anhydrous MgSO, on heating.

What is the value of x ?

Your first job is to find the mass of water driven off .
Mass of water evolved =24.6 — 12.0=12.6 g

MgSO4 HzO
12.0 12.6
o 12.0 12.6
Divide by M, — —
120 18
=0.100 =0.700
Ratio of Atoms 1 7

Giving a formula of MgS0,.7H,0
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Exercise 5

Calculation of a formula from experimental data

In Section a. calculate the empirical formula of the compound from the data given. This may be
as percentage composition or as the masses of materials found in an experiment. For Section b.
you are given the data for analysis plus the Relative Molecular Mass of the compound, in these
cases you are to find the empirical formula and thence the molecular formula. Section c. is more
difficult, the data is presented in a different fashion but the calculation of the empirical formula/
molecular formula is essentially the same.

Section a

1 Ca 40%; C 12%; O 48%

2 Na 32.4%; S 22.5%; O 45.1%

3 Na 29.1%; S 40.5%; O 30.4%

4 Pb 92.8%; O 7.20%

5 Pb 90.66%; O 9.34%

6 H 3.66%; P 37.8%; O 58.5%

7 H 2.44%; S 39.0%; O 58.5%

8 C 75%; H 25%
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9 C 81.81%; H 18.18%
10 H 5.88% ; 0 94.12%
11 H 5%; N 35%; O 60%
12 Fe 20.14%; S 11.51%; O 63.31%; H 5.04%
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Section b

13 A hydrocarbon with a Relative Molecular Mass (M,) of 28 g mol ' has the following
composition: Carbon 85.7%; Hydrogen 14.3%. Calculate its molecular formula.

14 A hydrocarbon with a Relative Molecular Mass (M;) of 42 g mol ™' has the following
composition: Carbon 85.7%; Hydrogen 14.3%. Calculate its molecular formula.

15 P 10.88%; I 89.12%. M, = 570 g mol

16 N 12.28%; H 3.51%; S 28.07%; O 56.14%. M, = 228 g mol '

17 P 43.66%; O 56.34%. M, = 284 g mol '

18 C 40%; H 6.67%:; O 53.3%. M, = 60 g mol '

19 Analysis of a compound with a M, = 58 g mol ' shows that 4.8 g of carbon are joined with
1.0 g of hydrogen. What is the molecular formula of the compound?

20 3.36 g of iron join with 1.44 g of oxygen in an oxide of iron that has a M, = 160 g mol "'
What is the molecular formula of the oxide?

21 A sample of an acid with a M, = 194 g mol ' has 0.5 g of hydrogen joined to 16 g of
sulphur and 32 g of oxygen. What is the molecular formula of the acid?

22 Analysis of a hydrocarbon showed that 7.8 g of the hydrocarbon contained 0.6 g of
hydrogen and that the M, = 78 g mol '. What is the formula of the hydrocarbon?
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Section c

23 22.3 g of an oxide of lead produced 20.7 g of metallic lead on reduction with hydrogen.
Calculate the empirical formula of the oxide concerned.

24 When 1.17 g of potassium is heated in oxygen 2.13 g of an oxide is produced. In the case
of this oxide the empirical and molecular formulae are the same. What is the molecular
formula of the oxide produced?

25 A hydrocarbon containing 92.3% of carbon has a Relative Molecular Mass of 26 g mol .
What is the molecular formula of the hydrocarbon?

26 When 1.335 g of a chloride of aluminium is added to excess silver nitrate solution 4.305 g
of silver chloride is produced. Calculate the empirical formula of the chloride of
aluminium.

Hint; you will need to work out how much chlorine there is in 4.305 g of AgCI. This will be
the amount of chlorine in the initial 1.335 g of the aluminium chloride.

27 16 g of a hydrocarbon burn in excess oxygen to produce 44 g of carbon dioxide. What is
the empirical formula of the hydrocarbon.

Hint; you will need to work out what mass of carbon is contained in 44 g of CO,. This is
the mass of C in 16 g of the hydrocarbon.

28 When an oxide of carbon containing 57.1% oxygen is burnt in air the percentage of oxygen
joined to the carbon increases to 72.7%. Show that this data is consistent with the
combustion of carbon monoxide to carbon dioxide.

29 When 14.97 g of hydrated copper(1l) sulphate is heated it produces 9.60 g of anhydrous
copper(Il) sulphate. What is the formula of the hydrated salt?

30 When the chloride of phosphorus containing 85.1% chlorine is heated a second chloride
containing 77.5% chlorine is produced. Find the formulae of the chlorides and suggest
what the other product of the heating might be.
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SectioN 1 — THE STRUCTURE OF THE ATOM /

Atomic Structure

What Are Atoms Like?

1) Atoms are made up of three types of subatomic particle: -
protons, neutrons and electrons. "

2) In the centre of all atoms is a nucleus
containing neutrons and protons.

3) Almost all of the mass of the atom is contained in )
the nucleus which has an overall positive charge. : & ¥
The positive charge arises because each of the =
protons in the nucleus have a +1 charge. @

4) The neutrons in the nucleus have a very similar
mass to the protons but they are uncharged.

neutron .. .- '

5) Electrons are much smaller and lighter :
electron in a shell

than either the neutrons or protons.
They have a negative charge (-1) and orbit the nucleus in shells (or energy levels).

6) There’s an attraction between the protons in the nucleus and the electrons in the shells.
7) The nucleus is tiny compared with the total volume occupied by the whole atom.
8) The volume occupied by the shells of the electrons déetermines the size of the atom.

Here’s a round up of the properties of the subatomic particles:

Particle Relative Mass Relative Charge

Proton 1 +1

Neutron 1 0 %
1

Electron 3000 —1

What is the Charge on an Afom?

The overall charge on an atom is zero.

This is because each +1 charge from a proton in the nucleus
is cancelled out by a -1 charge from an electron.

If an atom loses or gains electrons it becomes charged. These charged particles are called ions.

EXAMPLE: How many electrons has an Al** ion lost or gained?

The AP** ion has a charge of +3, so there must be 3 more protons than electrons.
lons are formed when electrons are lost or gained, so AI** must have lost 3 electrons.

Neutrons are the perfect criminals — they never get charged...

1) Which subatomic particles are found in the nucleus?

2) What is the charge on an ion formed when an atom loses two electrons?
3) What is the charge on an ion formed when an atom gains two electrons?

SecrioN 1T — THE STRUCTURE OF THE ATOM




Atomic and Mass Numbers

1) If you look at an element in the periodic table, you'll see it's given o nmper

two numbers. These are the atomic number and the mass number. N
2) The atomic number of an element is given the symbol Z. x,_‘?'emem
It's sometimes called the proton number as it represents 7 gyl

the number of protons in the nucleus of the element.
3) For neutral atoms the number of protons equals the number of atomic number
electrons, but you need to take care when considering ions as the
number of electrons changes when an ion forms from an atom.
4) The mass number of an atom is given the symbol A.
It represents the total number of neutrons and protons in the nucleus.

5) Subtracting Z from A allows you to calculate the number of neutrons in the nucleus.

EXAMPLE: Use the periodic table to complete the following information about sodium.

Element | Symbol | Z | A | No.Protons | No. Neutrons | No. Electrons

Sodium 23

The periodic table tells you that the symbol for sodium is Na and Z is 11.

The number of protons in sodium is the same as the atomic number, which is 11.
You work out the number of neutrons by subtracting Z from A: 23 - 11 =12.
The number of electrons is the same as the number of protons, which is 11.

Isotopes

1) Atoms of the same element always have the same number of protons, so they’ll
always have the same atomic number, but their mass numbers can vary slightly.

2) Atoms of the same element with different mass numbers are called isotopes.
3) lsotopes have the same number of protons but different numbers of neutrons in their nuclei.

EXAMPLE: Copper has an atomic number of 29. Its two main isotopes have mass
numbers of 63 and 65. How many neutrons does each of the isotopes have?

The ®Cu isotope has 63 — 29 = 34 neutrons.
The 9°Cu isotope has 65 — 29 = 36 neutrons.

Finding the number of neutrons — it's as easy as knowing yourA—Z2...

1) Use the periodic table to work out how many neutrons are in a neutral phosphorus atom.
2) In terms of the numbers of subatomic particles, state two similarities and one difference
between two isotopes of the same element.

3) Three neutral isotopes of carbon have mass numbers 12, 13 and 14.
State the numbers of protons, neutrons and electrons in each.
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3

Relative Atomic Mass

Calculating the Relative Atomic Mass

1) The average mass of an element is called its relative atomic mass, or A.

2) When you look up the relative atomic mass of an element on a detailed copy of
the periodic table, you’ll see that it isn’t always a whole number. This is because
the value given is the average mass number of two or more isotopes.

3) The value of the relative atomic mass is further complicated by the fact that some isotopes are
more abundant than others. It's a weighted average of all the element'’s different isotopes.

4) You can use the relative abundances and relative isotopic masses (the mass number of a
single, specific isotope) of each isotope to work out the relative atomic mass of an element.

5) Relative abundances of isotopes are often given as percentages. To work out the
relative atomic mass of an element, all you need to do is multiply each isotopic
mass by its relative abundance, add all the values together and divide by 100.

EXAMPLE: What is the relative atomic mass of chlorine given that 75% of atoms
have an atomic mass of 35 and 25% of atoms have an atomic mass of 372

Average mass = (abundance of **Cl| x 35 + abundancg of *’Cl x 37) + 100
=[(75 x 35) + (25 x 37)] = 100
= (2625 + 925) + 100
550 + 100

3
35.5 (You can check your answer against a periodic table to see if it’s right.)

Calculating the Relative Formula Mass

If you add up the relative atomic masses of all the atoms in a chemical formula,
you get the relative formula mass, or M, of that compound.

(If the compound is molecular, you might hear the term relative molecular mass used instead,
but it means pretty much the same.)

EXAMPLE: Calculate the relative formula mass of CaCIz.

Ca has an atomic mass of 40.1 and Cl has an atomic mass of 35.5.
M, = (1 x 40.1) + (2 x 35.5)
=111

Together, my brother and | weigh 143 kg — it’s our relative mass...

) Find the relative atomic mass of lithium if its composition is 8% °Li and 92% 7Li.

2) Find the relative atomic mass of carbon if its composition is 99% '2C and 1% 3C.

3) Find the relative atomic mass of silver if its composition is 52% '7Ag and 48% '°Ag.
4) Find the relative formula mass of sodium fluoride, NaF.

5) Find the relative formula mass of chloromethane, CHLCI,

—_—
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Electronic Structure

Electrons are Arranged in Energy Shells

Here’s another way to show electron arrangements using simple notation:

An atom with 6 electrons: 2, 4 < === The first number tells you how many electrons are
An atom with 11 electrons: 2, 8, 1 in the first shell, the second number tells you how

N o i G elecong: . 2.8, 8.2 Many electrons are in the second shell, and so on.

¢

Energy Levels are Split into Subshells

Maximum

1) Energy levels can be split into sub-levels called subshells. Subshell electrons
The first three subshells are called ‘s’, ‘p’ and ‘d". g )
They can each hold a different number of electrons. """~ D 6
2) The first energy level has one subshell — an ‘s’ level. - 10

So the first energy level can contain up to 2 electrons.

3) At GCSE you learnt that the second energy level can contain up to 8 electrons. It's actually
split into 2 sub-levels. Two of the electrons are in an 's’ level and the remaining six are in
a‘p’ level. If you combine the 2 ’s’ electrons with the 6 ‘p” electrons you get a total of 8.

4) Electrons generally start by filling the energy level with the lowest energy. So the first
energy level will be completely filled before any electrons go into the second energy level.
Within an energy level, electrons will fill the subshells in the order s, then p, then d.

5) As well as telling you how many electrons are in each shell, the electron configuration of
an atom also tells you what subshells the electrons are in. For an atom with 10 electrons:

) 0. 2 6 The little number tells
The big number tells /1 S 28 2 p ¥~ you how many electrons

you the energy level. are in that subshell.

The letter tells
you the subshell.

Ath— 1) Electrons orbit the nucleus in shells (also called energy levels).
¥ 3rd— 2) You can draw concentric circles to represent
2 5 2nd-. ++—_|_ . the different shells. Then add crosses to
AT H o\ N represent the electrons at each level.
& Y | 3) For example, this diagram shows the energy levels, for an
\ ] ‘:M atom with 20 electrons, filling up with electrons. It has
\ N ¥ /) two electrons in the first shell, eight in the second shell,
3, F + ¥/ eight in the third shell and two in the fourth shell.
e A + (Remember you should always start filling the innermost levels first.)

I'm trying to be calm, but my energy level is too high...
1) Draw diagrams to show the electron arrangements of the following elements:
carbon, fluorine, magnesium, sulfur.

2) Use the simple notation shown above to write the electron arrangements of these elements:
lithium, sodium, potassium, beryllium, magnesium, calcium.

3) Give the electron configurations of oxygen and chlorine.
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The Periodic Table

| The Periodic ]'able

The periodic table contains:

e All of the elements in order of atomic number.
» Vertical groups of elements which have similar properties.

e Horizontal rows of elements called periods.
Group

Mass number 0
Group Group ; Group Group Group Group Group
1| H<— Symbol 3 4 5 6 7
T Period " TR (R 2
. n |seriin - Name B, m%,. mﬁ.‘n
| Atomic number s & 7

What Are Groups and Periods? ‘

Chemical reactions involve atoms reacting to gain a full outer shell of electrons.
All of the elements in a group have the same number of electrons in their outer shell.
As a result, the elements in a group react in a similar way.

The properties of elements in the same period change gradually
as you move from one side of the periodic table to the other.

The Periodic Table is Split into Blocks

1) As well as being split into groups and periods, the periodic table has four blocks. You only
need to worry about two of them at the moment though — the ‘s’ block and the ‘p’ block.

2) Groups 1 and 2 are called the s-block elements. Their outer electrons are in energy
levels called s subshells. S subshells can accommodate up to 2 electrons (see page 4).

3) Groups 3 to 0 are called the p-block elements. Their outer electrons are in energy
levels called p subshells. P subshells can accommodate up to 6 electrons (see page 4).

4) There’s always one exception. Helium (He) is an s-block element,
even though it's in Group 0. lts electron configuration is 1s2.

The mystery of the periodic table? It's elementary, my dear Watson...

1) Sort the following elements into a table to show which ones are from the s-block, and which
are from the p-block: caesium, potassium, phosphorus, calcium, aluminium, barium and sulfur.

2) Give one similarity between elements that are in the same group.
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