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Examiner tips


Advice from the examiner on key points in the text to help you learn and recall unit content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summary




•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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Questions & Answers
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About this book



This book will guide you through CCEA AS Chemistry Unit 1: Basic Concepts in Physical and Inorganic Chemistry. It has two sections:




•  The Content Guidance section covers all of Unit 1 and includes helpful examiner tips on how to approach revision and improve exam technique. Do not skim over these tips as they provide important guidance. There are also Knowledge check questions throughout this section, with answers at the end of the book. At the end of each section there is a summary of the key points covered. There are several areas in this unit that are essential to other units in the course — for example, atomic structure, bonding, shapes of molecules, intermolecular forces and redox. These topics and indeed all the content of this unit can be examined synoptically in A2 units.


•  The Questions and Answers section gives sample examination questions on each topic as well as worked answers and examiner comments on the common pitfalls to avoid. The examination will consist of 10 multiple-choice questions (each with four options, A to D), followed by several structured questions. This Question and Answer section contains many different examples of questions, but you should also refer to past papers for this unit, which are available online.





Both the Content Guidance and Questions and Answers sections are divided into the topics outlined by the CCEA specification.


General tips




•  Be accurate with your learning at this level as examiners will penalise incorrect wording.


•  For any calculation, always follow it through to the end even if you feel you have made a mistake, as there are marks for the correct method even if the final answer is incorrect.


•  Always attempt to answer a multiple-choice question even if it is a guess (you have a 25% chance of getting it right).





The uniform mark you receive for each of Unit 1 and Unit 2 will be out of 105. Unit 3 (examining practical work and planning from AS1 and AS2) is awarded out of 90 uniform marks, giving a possible total of 300 for AS Chemistry.





Content Guidance


Formulae, equations and amounts of substance


Type of formulae


There are two main types of chemical formula: empirical and molecular. An empirical formula shows the simplest ratio of the atoms of each element. This type of formula is used for ionic compounds and macromolecules (giant covalent molecules). Examples include NaCl (ionic), MgO (ionic), CaCl2 (ionic) and SiO2 (macromolecular).


A molecular formula shows the actual number of atoms of each element in one molecule of the substance. This is used for all molecular (simple) covalent substances. Examples include H2O, CO2, O2, CH4, NH3, H2O2, I2 and S8 (all molecular covalent).


Some elements exist as simple molecules. These are the diatomic elements (H2, N2, O2, F2, Cl2, Br2, I2), sulfur (S8) and phosphorus (P4).
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Examiner tip


An empirical formula can be written for molecular covalent substances and this may be the same as the molecular formula or it may be different, e.g. the molecular formula of hydrogen peroxide is H2O2 but its empirical formula is written as HO (simplest ratio).
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Writing chemical formulae


Valency is the combining power of an atom or an ion. For all compounds the valency must be determined for each atom or ion in the compound and this is then used to write the formula of the compound.


Determining valency of atoms


Valency can be determined from the group in which the element is found in the Periodic Table (Table 1).


Table 1 Group numbers and common valencies






	Group number

	Most common valency






	I

	1






	II

	2






	III

	3






	IV

	4






	V

	3






	VI

	2






	VII

	1






	VIII

	—







The atoms of Group VIII elements do not generally form compounds so they have no common valency. Hydrogen always has a valency of 1. Transition metals have variable valency, the most common being 2. The valency of a transition metal atom is usually given by a roman numeral in brackets after the name, for example iron(III) chloride — iron has a valency of 3 in this compound. If no roman numeral is given then assume the valency is 2, except for silver, which has a valency of 1.


The valency of a Group I atom is always 1 and for a Group II atom it is always 2.


The valencies of the atoms of elements in Groups III to VII do vary and again they can be given as a roman numeral after the name of the element. For example: in nitrogen(I) oxide, nitrogen has a valency of 1; in sulfur(VI) oxide, sulfur has a valency of 6.


Many compounds have common names, which are often used, such as water, ammonia, methane, carbon dioxide, sulfur trioxide and carbon monoxide. Some of these names give a clue to the formula, for example carbon dioxide — dioxide means there are two oxygen atoms in the compound. For some others the formulae of the compounds will have to be learned.


Determining valency of ions




•  The valency of an ion is simply the same as the size of the charge on the ion. Remember that metal ions are positive; as a general rule, non-metal ions are negative.


•  The charge on a simple ion of elements in groups I, II and III (except boron, which does not form a positive ion) is positive and has the magnitude of the Group number. For example:







    –  K is in Group I so its simple ion is K+; valency = 1


    –  Mg is in Group II so its simple ion is Mg2+; valency = 2


    –  Al is in Group III so its simple ion is Al3+; valency = 3







•  The charge on a simple ion of elements in Groups V, VI, and VII is negative and has the magnitude of 8 minus the group number. For example:







    –  N is in Group V so its simple ion is N3– (8 – 5 = 3); valency = 3


    –  O is in Group VI so its simple ion is O2– (8 – 6 = 2); valency = 2


    –  F is in Group VII so its simple ion is F– (8 – 7 = 1); valency = 1







•  Non-metals in Group IV (C and Si) do not form common simple ions.


•  Metals in Group IV form common 2+ ions, for example Pb2+ and Sn2+.


•  Hydrogen forms a positive hydrogen ion (H+) and a negative hydride ion (H–).


•  Transition elements have variable valency and form a variety of simple ions. For example:







    –  iron(III) has a valency of 3 and the ion is Fe3+



    –  copper(II) has a valency of 2 and the ion is Cu2+



    –  silver(I) has a valency of 1 and the ion is Ag+








•  Iron(III) ions are Fe3+; copper(II) ions are Cu2+; sodium ions are Na+.


•  Oxide ions are O2–; chloride ions are Cl–; nitride ions are N3–.


•  Molecular ions are charged particles made up of more than one atom. Common examples are shown in Table 2. The valency of a molecular ion is the same as the size of the charge, for example sulfate is SO42−, so a single sulfate is SO4 and it has a valency of 2.







Table 2 Examples of molecular ions
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Examiner tip


You need to learn the formulae (including charges) of common molecular ions as these are not given to you in the exams as they would have been at GCSE level.
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Writing formulae using valencies


The scheme shown in Table 3 will allow you to work out the formula of any compound.


Table 3 Using valencies to work out the formula for potassium chloride






	
(1) Compound name

	potassium

	chloride






	
(2) Convert to symbols
 (or formula if molecular ion)

	K

	Cl






	
(3) Group numbers
 (skip this for molecular ions and transition elements)

	I

	VII






	
(4) Valency

	1
(as Group I)

	1
(as Group VII)






	
(5) Write valencies above symbols
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(6) Cancel down if necessary

	–

	–






	
(7) Cross over the valency values
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(8) Write together with crossed-over valencies as subscripts
 (use brackets if a molecular ion is multiplied by 2 or more)

	K1Cl1







	
(9) Ignore 1s (as K1 = K)

	KCl
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Examiner tip


There is no need to cancel the valencies in this example but if the valencies of both elements were 2, these would cancel down to 1 and 1 before cross over.
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Tables 4–7 apply this technique to other formulae.


Table 4






	Calcium oxide

	Ca

	O






	Group numbers

	II

	VI






	Valency

	2

	2
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	CaO







Table 5






	Aluminium oxide

	Al

	O






	Group numbers

	III

	VI






	Valency

	3

	2
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	Al2O3








Table 6






	Iron(III) chloride

	Fe

	Cl






	Group numbers

	–

	VII






	Valency

	3

	1






	

	[image: ]

	[image: ]






	FeCl3
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Examiner tip


The hydroxide ion is a unit and so when we have more than one of them we must use brackets. This is true of all molecular ions.
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Table 7






	Calcium hydroxide

	Ca

	OH






	Group numbers

	II

	–






	Valency

	2

	1
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	Ca(OH)2








Formulae of ionic compounds from the ions


The formula of an ionic compound can be determined simply from the charges on the ions, as the overall charge on an ionic compound must be zero.




•  Sodium chloride contains Na+ and Cl− ions.


    1 of each ion is required, so sodium chloride is NaCl.





Remember that chemical formulae are written without the charges.




•  Calcium chloride contains Ca2+ and Cl− ions.


    2 Cl− ions are required for 1 Ca2+ ion, so calcium chloride is CaCl2.


•  Magnesium oxide contains Mg2+ and O2− ions.


    1 of each ion is required, so magnesium oxide is MgO.


•  Copper(II) hydroxide contains Cu2+ and OH− ions.


    2 OH− ions are required for 1 Cu2+ ion, so calcium hydroxide is Cu(OH)2.


•  Ammonium sulfate contains NH4+ and SO42− ions.


    2 NH4+ ions are required for 1 SO42− ion, so ammonium sulfate is (NH4)2SO4.


•  Aluminium nitrate contains Al3+ and NO3− ions.


    3 NO3− ions are required for 1 Al3+ ion, so aluminium nitrate is Al(NO3)3.
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Examiner tip


Errors with formulae often involve: hydroxides of metals with valency greater than 1; carbonates and sulfates of metals with valency 1; or ammonium carbonate and sulfate:




•  Often brackets are left out, e.g. calcium hydroxide is often incorrectly written as CaOH2 instead of Ca(OH)2.


•  The two metal or ammonium ions may not be included in the formula, e.g. potassium sulfate is often incorrectly written as KSO4 instead of K2SO4.


•  Examples of correct sulfate and carbonate formulae are: Na2CO3, Na2SO4, K2CO3, (NH4)2SO4.








[image: ]





Balanced symbol equations


A balanced symbol equation shows the rearrangement of atoms in a chemical reaction.
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Worked example 1


Magnesium reacts with oxygen according to the word equation:


magnesium + oxygen → magnesium oxide


To convert this to a balanced symbol equation, write the correct formulae of all the substances present as shown in Figure 1.




[image: ]

Figure 1





However, the equation is not balanced as there are 2 oxygen atoms on the left-hand side and only one oxygen atom on the right-hand side. To balance the equation you can put balancing numbers in front of a formula, e.g. a 2 in front of MgO means that there are now 2 magnesium oxide units, i.e. 2 Mg atoms and 2 O atoms.
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Figure 2





The equation is now balanced; often you have to balance one element which may create another issue with another element.
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Examiner tip


Remember you cannot change a formula to balance an equation (Figure 2).
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Worked example 2


Ethane burns completely in air to form carbon dioxide and water (Figure 3).
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Figure 3





This equation is not balanced as there are 2 carbon atoms on the left (in C2H6) and only 1 carbon atom on the right (in CO2). Also there are 6 H atoms on the left (in C2H6) and only 2 H atoms on the right (in H2O), and 2 O atoms on the left (in O2) but 3 O atoms on the right (2 O in CO2 and 1 O in H2O).


Sort out the carbon first (Figure 4).
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Figure 4
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Examiner tip


It may seem unusual to balance an equation using fractions. The balancing numbers in the equation can be doubled to avoid the fraction, giving:


2C2H6 + 7O2 → 4CO2 + 6H2O


But at this level it is fine to use fractions to balance equations, particularly combustion equations.
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The mole and Avogadro’s number


A balanced symbol equation for a reaction gives the rearrangement of the atoms within a chemical reaction.


Take the equation:


C + O2 → CO2


We can read this as 1 C atom reacts with 1 O2 molecule to form 1 CO2 molecule.


However, the mass of 1 atom of carbon is approximately 2.0 × 10−23 g. This sort of measurement is not possible and so the number of particles measured must be scaled up, but they will still react in the same ratio. For example, 1 million C atoms will react with 1 million oxygen molecules to form 1 million carbon dioxide molecules. However, the mass of 1 million carbon atoms is 1000000 × 2.0 × 10−23 = 2 × 10−17 g. This is still too small to be measured. We need to multiply by 6.02 × 1023. This number is called Avogadro’s number.


1 C atom has a mass of 2 × 10−23 g, so 6.02 × 1023 C atoms have a mass of approximately 12 g.


The ‘amount’ of a substance is measured in moles. Mole is written as mol for unit purposes.


The equation C + O2 → CO2 can be read as 1 mole of carbon atoms reacts with 1 mol of oxygen molecules to form 1 mol of carbon dioxide molecules.


For any substance the mass of one mole is simply the total of the relative atomic masses of all the atoms that make up the substance:






	• 1 mol of Mg = 24 g

	(RAM of Mg = 24)






	• 1 mol of O2 = 32 g

	(RAM of O = 16)






	• 1 mol of H2O = 18 g

	(RAM of H = 1; RAM of O = 16)






	• 1 mol of Ca(OH)2 = 74 g

	(RAM of H = 1; RAM of O = 16; RAM of Ca = 40)






	• 1 mol of Fe2(SO4)3 = 400 g

	(RAM of O = 16; RAM of S = 32; RAM of Fe = 56)






	    NB: there are 2 mol of Fe atoms, 3 mol of S atoms and 12 mol of O atoms in 1 mol of Fe2(SO4)3.







Often the total of the relative atomic masses in any substance is referred to as the relative formula mass (RFM).




•  RFM of H2O = 18 (no units required)


•  RFM of Fe2(SO4)3 = 400
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Examiner tip


The units of molar mass are g/mol or g mol−1.
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The term molar mass is also used, which means the mass of one mole.




•  Molar mass of Ca(OH)2 = 74 g mol−1



•  Molar mass of O2 = 32 g mol−1
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Examiner tip


The terms molar mass and RFM have the same numerical value. RFM does not have units but molar mass has units of g mol−1.
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The number of moles of a substance can be calculated from the mass using the expression:


number of moles = [image: ]


Using Avogadro’s number


Sometimes calculations are set that require the calculation of the mass of one atom or molecule, or a comparison between masses of atoms. Or there may be a comparison between the number of particles (atoms or molecules) in a certain mass of substances.


NA represents Avogadro’s number and is equal to 6.02 × 1023. This value is given on your Periodic Table at GCE so you do not have to remember it, simply know how to use it.


All these calculations rely on the following expressions:


[image: ] = number of moles = [image: ]


Remember that these can be rearranged to give:


mass (g) = RFM × moles


and


number of particles = moles × NA
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Worked example 1


Calculate the mass of 1 atom of Fe.


number of moles of Fe for 1 atom = [image: ]


mass of 1 iron atom = 1.66 × 10–24 × 56 = 9.3 × 10–23 g


Worked example 2


Calculate the number of oxygen atoms present in 4.4 g of carbon dioxide.


[image: ] = 0.1mol × NA =6.02×1022 molecules of CO2


Each CO2 contains 2 O atoms so number of O atoms = 2 × 6.02 × 1022 = 1.204 × 1023 atoms of O.
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Knowledge check 1


State the number of atoms in 1 mol of argon gas.
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Percentage composition


From the formula of a compound, we can calculate the percentage by mass of each of the elements within the compound. This can also be applied to water of crystallisation.


The formula we use for percentage composition by mass is:
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Worked example 3


Calculate the percentage compositions of the elements in sodium chloride.


Sodium chloride        NaCl        RFM = 23 + 35.5 = 58.5


    Na    Cl


[image: ]


Worked example 4


Find the percentage water by mass in copper(II) sulfate-5-water.


Copper(II) sulfate-5-water     CuSO4.5H2O


RFM = 64 + 32 + (4 × 16) + 5 × (2 + 16) = 250


Mass of H2O = 5 × 18 = 90
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Examiner tip


Always check that the percentage compositions of all the constituent elements add up to 100%.
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Worked example 5


Calculate the percentage composition by mass of all the elements in CaCO3.








	CaCO3   

	The relative formula mass is 100.






	Ca

	The relative formula mass is 40






	C

	The relative formula mass is 12






	3 × O

	The relative formula mass is 16 × 3 = 48










Hence the percentage compositions can be calculated.
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