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Exam tips


Advice on key points in the text to help you learn and recall 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.


[image: ]







[image: ]


Summaries





•  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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About this book


This guide is the second of a series covering the OCR AS Chemistry A (H032) and the OCR A Chemistry A (H432) specifications. It offers advice for the effective study of Modules 3 and 4.


The Content Guidance gives a point-by-point description of all the facts you need to know and concepts that you need to understand for Modules 3 and 4. It aims to provide you with a basis for your revision. However, you must also be willing to use other sources in your preparation for the examination.


Module 3, Periodic table and energy, includes basic information that you will need for the AS/A-level course. The energy section is particularly important as this will be built upon and extended in the second year of the course.


Module 4, Core organic chemistry, includes basic information that you will need for the AS/A-level course. A good understanding of this module, particularly the understanding of mechanisms and characteristic reactions of different functional groups, provides you with a solid foundation on which to build.


Practical skills are embedded throughout all the modules and will be assessed in the written examinations.


Modules 3 and 4 feature in both AS examinations.


Module 3 will be examined in papers 1 and 3 of the A-level course and Module 4 will be tested in papers 2 and 3.


The Questions & Answers section shows you the sort of questions you can expect in the component tests. It would be impossible to give examples of every kind of question in one book, but the questions used should give you a flavour of what to expect. Unless otherwise stated the questions are relevant to both AS and A-level students. Each question has been attempted by two students, Student A and Student B. Their answers, along with the comments, should help you see what you need to do to score a good mark — and how you can easily not score marks, even though you probably understand the chemistry.



What can I assume about the guide


You can assume that:





•  the topics covered in the Content Guidance relate directly to those in the specification



•  the basic facts you need to know are stated clearly



•  the major concepts you need to understand are explained



•  the questions at the end of the guide are similar in style to those that will appear in the component tests



•  the answers supplied are genuine, combining responses commonly written by students



•  the standard of the marking is broadly equivalent to the standard that will be applied to your answers





What can I not assume about the guide?


You must not assume that:





•  every last detail has been covered



•  the way in which the concepts are explained is the only way in which they can be presented in an examination (often concepts are presented in an unfamiliar situation)



•  the range of question types presented is exhaustive (examiners are always thinking of new ways to test a topic)





Study skills and revision techniques


All students need to develop good study skills. This section provides advice and guidance on how to study AS and first year A-level chemistry.


Organising your notes


Chemistry students often accumulate a large quantity of notes, so it is useful to keep these in a well-ordered and logical manner. It is necessary to review your notes regularly, maybe rewriting the notes taken during lessons so that they are clear and concise, with key points highlighted. You should check your notes using textbooks, and fill in any gaps. Make sure that you go back and ask your teacher if you are unsure about anything, especially if you find conflicting information in your class notes and textbook.


It is a good idea to file your notes in specification order using a consistent series of headings. The Content Guidance can help you with this.


Organising your time


Preparation for examinations is personal. Different people prepare, equally successfully, in different ways. The key is being honest about what works for you.


Whatever your style, you must have a plan. Sitting down the night before the examination with your notes and a textbook does not constitute a revision plan — it is just desperation — and you must not expect a great deal from it.





Content Guidance



Module 3 Periodic table and energy


The periodic table


Periodicity


The periodic table is the arrangement of elements by increasing atomic number. Elements with the same outer-shell electron configuration are grouped together in periods showing repeating trends in physical and chemical properties.



Trends in the periodic table


Atomic radius


This decreases across a period, because the attraction between the nucleus and outer electrons increases. This is because across a period:





•  the nuclear charge increases



•  outer electrons are being added to the same shell, so there is no extra shielding





Atomic radius increases down a group because the attraction between the nucleus and outer electrons decreases. This is because down a group:





•  extra shells are added, resulting in the outer shell being further from the nucleus



•  more shells between the outer electrons and the nucleus mean greater shielding





Electrical conductivity, melting point and boiling point are related to structure and bonding, as shown in Table 1.
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Electrical conductivity


Elements in groups 1, 2 and 3 are metals. They are good conductors. Metallic elements are good conductors because they contain mobile, delocalised electrons. The outer-shell electrons can contribute to the mobile, delocalised electrons, allowing metals to conduct heat and electricity, even in the solid state.


The elements in the remaining groups across periods 2 and 3 are poor conductors because they do not have any mobile, delocalised electrons. Graphite and graphene are exceptions and are good conductors because they have mobile delocalised electrons.


Group 2 elements tend to be better conductors than group 1, because they have two outer-shell electrons, while group 1 elements only have one outer-shell electron.


Melting points and boiling points


These show a gradual increase from groups 1, 2, 3 and 14, followed by a sharp drop to groups 15, 16 and 17 (Figure 1).
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The large drop signifies the move from giant structures in groups 1–14, to simple molecular structures in groups 15–17.
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Knowledge check 1


The grid below shows the successive melting points of 4 elements in period 3.
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Are the elements:
A Na, Mg, Al, Si;
B Mg, Al, Si, P;
C Al, Si, S, P;
D Si, P, S, Cl?
Justify your answer.
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Ionisation energy


Ionisation energy decreases down a group because the outer electrons are further from the nucleus and are shielded by additional inner shells. This results in a decrease in the effective nuclear charge.


Ionisation energy increases across a period due to an increase in nuclear charge and a decrease in atomic radii. Within this general trend there are small ‘dips’ after group 2 and after group 15.
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Exam tip


If asked to describe trends in ionisation energy it is best to focus on three factors (Table 2).






	Factor  1 

	Atomic radius increases down a group

	Therefore easier to lose an electron






	Factor  2 

	Shielding increases down a group

	Therefore easier to lose an electron






	Factor  3 

	Nuclear charge increases down a group

	Therefore harder to lose an electron







Table 2


You can use these trends to explain the reactivity down groups 2 and 17.
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Knowledge check 2


Put the elements Na, K, Mg, Al in order of increasing:





a atomic radii



b conductivity



c ionisation energies
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Group 2


Properties of group 2 elements


Electronic configuration


Each group 2 element has two electrons in its outer shell and readily forms a 2+ ion, which has the same electron configuration as a noble gas as illustrated in Table 3 by magnesium and calcium.






	Electron configuration of group 2 atom

	Electron configuration of group 2 ion






	
12Mg 1s2 2s2 2p6 3s2


	
12Mg2+ 1s2 2s2 2p6







	
20Ca 1s2 2s2 2p6 3s2 3p6 4s2


	
20Ca2+ 1s2 2s2 2p6 3s2 3p6








Table 3


Physical properties


Group 2 elements are metallic and are therefore good conductors. They generally form colourless ionic compounds that tend to:





•  have reasonably high melting and boiling points



•  react with water



•  be good conductors when molten or aqueous, but poor conductors when solid






Redox reactions of group 2 elements


You should be able to use oxidation numbers to illustrate the redox reactions that occur when group 2 elements react with oxygen and with water.


Reactions such as 2Mg(s) + O2(g) → 2MgO(s) are known as redox reactions.


Oxidation and reduction can be defined in terms of electrons or in terms of oxidation number.


These definitions can both be applied to the reaction in Figure 2.
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Reaction of group 2 elements with oxygen



Calcium, strontium and barium also react with oxygen to produce their oxides, but reactivity increases down the group. This is explained by the increasing ease with which the group 2 elements form the corresponding 2+ ion.


These are redox reactions, in that the oxidation number of the group 2 element increases from 0 to +2, while the oxidation number of oxygen decreases from 0 to –2.


Reaction of group 2 elements with water


Group 2 elements also undergo a redox reaction with water:
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where M is Mg, Ca, Sr or Ba. Mg(OH)2(s) is sparingly soluble and the state symbol is best shown as (s).


Each of these reactions is also a redox reaction. Once again the oxidation number of the group 2 element increases from 0 to +2, but this time the oxidation number of hydrogen changes from +1 to 0.


The reaction between magnesium and water is very slow, and the resultant Mg(OH)2 is barely soluble in water, forming a white suspension.


Magnesium also reacts with steam, to produce magnesium oxide and hydrogen:
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The rate of reaction increases down the group, largely due to the ease of cation (M2+) formation.


Reaction of group 2 oxides with water


All group 2 metal oxides react with water to form hydroxides:
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where M is Mg, Ca, Sr or Ba. Mg(OH)2(s) is a suspension and Ca(OH)2(aq) is limewater.


These are not redox reactions. The oxidation numbers of all the elements remain the same.


The resulting hydroxide solutions are alkaline and have pH values of 8–12.
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Alkalinity depends on the concentration of hydroxide ions in solution, [OH–(aq)]. Mg(OH)2 is almost insoluble so the concentration of hydroxide ions in solution is low, as is the alkalinity. Solubility of the group 2 hydroxides increases down the group, as does alkalinity.


Calcium hydroxide is used in agriculture to neutralise acidic soils, while magnesium hydroxide is used in some indigestion tablets as an antacid.
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Knowledge check 3


Group 2 elements react with water. Write an equation for the reaction when Sr reacts with water. Explain the trend in reactivity from Mg to Ba.
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The halogens (group 17)



Electronic configuration


Each group 17 element has seven electrons in its outer shell and readily forms a 1– ion (an anion) with the same electronic configuration as a noble gas (Table 4).






	Electron configuration of group 17 atom, X

	
Electron configuration of group 17 ion, X–







	
9F 1s2 2s2 2p5


	
9F– 1s2 2s2 2p6







	
17Cl 1s2 2s2 2p6 3s2 3p5


	
17Cl– 1s2 2s2 2p6 3s2 3p6







	
35Br 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p5


	
35Br– 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6








Table 4



Physical properties
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Chemical properties


The reactivity of the group 17 halogens decreases down the group (opposite to the trend for the group 2 metals, which react by losing electrons). The halogens react not by losing electrons but by gaining an electron to form a halide anion. The ease with which the electron is gained decreases down the group. This is because atomic radius and shielding both increase down the group, reducing the effective attraction of the nucleus for electrons. Fluorine is the most reactive of the halogens and iodine is the least reactive. Fluorine is a powerful oxidising agent and readily gains electrons.
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Knowledge check 4


Explain why fluorine is more reactive than chlorine.
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It is important to know the difference between a halogen and a halide. In examinations, many students confuse chloride with chlorine. A halogen (fluorine, chlorine and bromine) will displace a halide (Cl–, Br– and I–) from one of its salts. This is shown clearly in Table 6.
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Displacement reactions of the halogens





•  Fluorine displaces chloride, bromide and iodide ions from solution.



•  Chlorine displaces bromide and iodide ions.



•  Bromine only displaces iodide ions.



•  Iodine does not displace any of the halides above.
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Exam tip


Students get very confused between the halogens and the halides. Look carefully at the name: if it ends …ine it tells you that it is a diatomic element, but if it ends …ide this indicates that it is a negative ion, e.g. chlorine is Cl2 while chloride is Cl–.
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This trend illustrates the decrease in oxidising power down the group.


Chlorine oxidises both bromide and iodide ions:
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During the above reaction the formation of the orange/brown colour of bromine can be observed. If an organic solvent is added, the orange/brown colour of the bromine will intensify in the upper organic layer.
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Bromine oxidises iodide ions only:
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During the above reaction the brown/black colour of iodine can be seen. If an organic solvent is added, a distinctive violet colour in the upper organic layer is seen.


Iodine does not oxidise either chloride or bromide ions.


The displacement reactions are redox reactions. In each case, the halogen higher in the group gains electrons (is reduced) to form the corresponding halide (Figure 3).




[image: ]





Testing for halide ions


Silver chloride, bromide and iodide are insoluble in water and therefore the chloride, bromide and iodide can be detected by the addition of a solution of silver nitrate (AgNO3(aq)). Each of the silver halides forms a different-coloured precipitate. The precipitates can be distinguished by their solubility in ammonia.


AgCl is a white precipitate, which is soluble in dilute ammonia.
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AgBr is a cream precipitate, which is soluble in concentrated ammonia.
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AgI is a yellow precipitate, which is insoluble in concentrated ammonia.
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Uses of chlorine


Chlorine is used in water treatment. The gas reacts with water in a reversible reaction, and the resultant mixture kills bacteria, making the water safe to drink. However, chlorine can also react with hydrocarbons in the water, forming chlorinated hydrocarbons, which present a health risk.
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The reaction of chlorine with water is a redox reaction, but is unusual in the sense that the chlorine atom undergoes both oxidation and reduction. This is known as disproportionation.


One chlorine atom in the Cl2 molecule is oxidised as the oxidation number changes from 0 to +1, while the other is reduced from 0 to –1.


Under certain conditions chlorine can also react with NaOH to form bleach. In this reaction the chlorine also undergoes disproportionation.
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If the conditions are changed, disproportionation stills occurs but it is possible to form different chlorate salts:
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Qualitative analysis


Test tube reactions for anions and for cations
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