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Chemistry 3

Question 15

3.1 The periodic table

The table below is part of the periodic table compiled by John Newlands in 1864. He arranged the elements in order of their relative atomic masses and found a repeating pattern. He arranged the elements into seven groups, every eighth element having similar properties.

	1
	2
	3
	4
	5
	6
	7

	H
	Li
	Be
	B
	C
	N
	O

	F
	Na
	Mg
	Al
	Si
	P
	S

	Cl
	K
	Ca
	
	
	
	


(a)
Suggest one reason why this part of Newlands’ table is different from the modern one.
(1 mark)

In 1869 Dimitri Mendeleev arranged the elements by putting them in order of their atomic weights. When he put them into a table he ensured that elements with similar properties were in columns. 

(b)
What two things did Mendeleev do to ensure that elements in the same column had similar properties?
(2 marks)

(c)
Explain how the periodic table is now based on atomic structure. 
(3 marks)

(d)
Why it is not possible to find a new element that would fit between carbon and nitrogen?
(1 mark)

(e)
Explain, in terms of electrons, why rubidium is more reactive than sodium.
(4 marks)

The table shows how group 7 elements react with iron in the form of iron wool.

	Element 
	Reaction with iron wool

	
	Description 
	Product 

	Fluorine 
	Iron burns without being heated 
	Iron fluoride 

	Chlorine 
	Heated iron glows brightly 
	Iron chloride 

	Bromine 
	Heated iron glows
	Iron bromide 

	Iodine 
	Iron glows if heated strongly 
	Iron iodide 


(f)
Explain why group 7 elements react in a similar way with iron.
(2 marks)

(g)
Explain the difference between the reactions of fluorine and iodine with iron.
(2 marks)

(h)
Explain why group 0 elements are found as single atoms.
(2 marks)

Question 16

3.2 Water

In some parts of the country the water supplied to homes is hard water.

(a)
What is hard water?
(2 marks)

(b)
Give the names and formulae of the two ions that can make water hard.
(4 marks)

(c)
There are some advantages of drinking hard water. Give one of them.


(1 mark)

(d)
What happens if you use temporarily hard water in a kettle?
(2 marks)

(e)
Explain how an ion-exchange column softens hard water. 
(2 marks)

(f)
Another way of softening hard water is to use sodium carbonate. Explain how and include a chemical equation in your answer.
(4 marks)

Water of the correct quality is essential for life. In the UK water drawn from rivers or reservoirs is treated before being pumped into homes. 

(g)
Explain the purpose of the filtration and chlorination processes that form part of that treatment.

(2 marks)

(h)
Despite the rigorous treatment of drinking water some people prefer the taste and quality of filtered water. What three materials are used in these water filters to remove the dissolved substances?
(3 marks)

(i)
Drinking water can also be produced using distillation but this is expensive. Explain why.
(1 mark)

Question 17

3.3 Calculating and explaining energy changes
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 (a)
Explain why this diagram represents an exothermic reaction.
(2 marks)

(b)
The reaction between methane and oxygen is exothermic. Write the balanced equation for this reaction, including state symbols.
(3 marks)

(c)
Explain, in terms of breaking and making bonds, why the burning of methane is exothermic.
(3 marks)

(d)
You know that a catalyst speeds up a reaction. Explain, in terms of the reaction and energy, how it does this.
(2 marks)

[image: image30.jpg]H

|
H—C|—C=O

H O—H

Ethanoic acid



(e)
The diagram shows the energy levels for a particular reaction. Complete it by drawing a line that you can then label to show the activation energy.
(2 marks)

(f)
Hydrogen and nitrogen react to make ammonia according to the equation:


3H2 + N2 → 2NH3

Using the data in the box, calculate the overall energy change for this reaction and state if it is exothermic or endothermic.
(5 marks)

	Bond
	Bond energy in kJ/mol

	H–H
	436

	N≡N
	944

	H–N
	388


Question 18

3.4 Further analysis and quantitative chemistry

A school chemistry technician was tidying up in the outside chemical store. Four bottles of chemicals were found where the labels were unclear. The technician thought they were potassium carbonate, potassium chloride, potassium sulfate and aluminium sulfate.

The following reagents were readily available:

· barium chloride solution acidified with dilute hydrochloric acid

· dilute hydrochloric acid

· silver nitrate solution acidified with dilute nitric acid

· sodium hydroxide solution.

The technician made up aqueous solutions of the unknown compounds and did some tests to confirm their identity.

Describe the tests you would do to show that these chemicals are correctly named.

In each case give the reagent(s) you would use and then what you would see.

(a)
The test and result for potassium ions.
(2 marks)

(b)
The test and result for aluminium ions.
(3 marks)

(c)
The test and result for carbonate ions.
(2 marks)

(d)
The test and result for chloride ions.
(2 marks)

(e)
The test and result for sulfate ions.
(2 marks)

(f)
How would a flame test distinguish the aluminium compound from the others?
(1 mark)

The technician also found a large flask of hydrochloric acid, but the concentration label had disintegrated.

25.0 cm3 of the hydrochloric acid were titrated against 0.4 mol/dm3 sodium hydroxide solution. The average volume of hydroxide used was 24.0 cm3.

(g)
Describe how the titration would be carried out.
(4 marks)

(h)
Complete the equation for this reaction.
(2 marks)


NaOH + HCl → ________ + ________

(i)
Calculate the concentration in moles per cubic decimetre of the hydrochloric acid.
(2 marks)


1 mole of sodium hydroxide reacts completely with 1 mole of hydrochloric acid.

Question 19

3.5 The production of ammonia

Nitrogen and hydrogen are reacted together in the Haber process to make ammonia. The equation for the reaction is:
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(a)
What is the source of the nitrogen?
(1 mark)

(b)
Explain why increasing the pressure increases the chance of reaction between the nitrogen and hydrogen molecules.
(1 mark)
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The graph shows how the percentage yield of ammonia depends on the temperature and pressure inside the reaction vessel.

(c)
Use your knowledge of the Haber process and the information on the graph to describe the conditions used to increase the rate of reaction.
(4 marks)

(d)
What is the percentage yield of ammonia produced at a temperature of 300°C and a pressure of 100 atmospheres?
(1 mark)

(e)
Describe and explain what changes should be made to the temperature and pressure to increase the percentage yield of ammonia.
(5 marks)

(f)
Why are the conditions of temperature and pressure which give the maximum yield of ammonia not used in industry?
(2 marks)

Question 20

3.6 Alcohols, carboxylic acids and esters
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Alcohols are a homologous series. Here are the first four:

(a)
What is the general formula for the alcohols?
(1 mark)

(b)
These four alcohols can be used as fuels. Write the chemical equation for the complete combustion of ethanol, including state symbols.
(3 marks)

(c)
Ethanol is used as a fuel in a wide range of applications, from food heating burners to camping stoves. Give three reasons why ethanol is such a useful fuel.
(3 marks)

Alcohols oxidise to form carboxylic acids. For example, ethanol forms ethanoic acid.
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(d)
Carboxylic acids are weak acids. Why are they ‘weak’?
(2 marks)

(e)
How does the pH of a weak acid such as ethanoic acid compare with the pH of a strong acid such as nitric acid?
(1 mark)

Alcohols react with carboxylic acids to form esters. This ester is the product of reacting ethanol with ethanoic acid.
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(f)
Give the name of this ester.
(1 mark)

(g)
Esters are volatile compounds and have distinctive smells. What does ‘volatile’ mean?
(1 mark)

Answer 15

(a)
The noble gases are missing. (
(b)
1
He left gaps for undiscovered elements. (

2
He moved some elements out of strict atomic mass order ( (e.g. Te and I, and Ar and K).

(c)
Any three of the following:
· Elements are arranged in order of proton (or atomic) number.

· The number of protons is the atomic number.

· The atomic number is the number of electrons.

· The number of protons increases across a period.

· Elements in the same group have same number of outer electrons. (((
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It is important to remember that it is the protons that determine the position of an element in the periodic table, not the electrons.

(d)
The difference between one atom and the next is a whole proton — parts of protons cannot exist in an atom. (
(e)


· The outer electron, which is lost in a reaction…

· …is furthest from the rubidium nucleus.

· This rubidium electron is more weakly attracted to the nucleus than the outer sodium electron.

· There is also more screening by inner electrons in rubidium…

· …so the outer electron (of rubidium) is lost more easily. ((((
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Any four of the above will score, as long as you have made the comparison between the two atoms and correctly referred to the outer shell (energy level). Not indicating the outer shell loses a mark.
(f)
They all have same number (7) of electrons ( in the outer shell (.
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It is best to be sure of the mark here and state the number of electrons in the outer shell, as well as saying that they are the same in each element.

(g)
There is less shielding in fluorine than in iodine (as fluorine has fewer shells than iodine). ( Fluorine therefore gains electrons more easily (because they are more attracted to the nucleus). (
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Comparison is again again needed here.

(h)
The outer shell is full ( so there is no tendency to lose or gain electrons (.
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2 marks are available here, so make sure two valid points are made.

Answer 16

(a)
Water that does not readily form a lather (; it reacts with soap to form scum (.

(b)
Calcium ( Ca2+ (; Magnesium ( Mg2+ (
(c)
Either of the following will gain the mark:

· Good for development/maintenance of teeth/bones.

· It helps reduce heart disease. (
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Saying ‘it is healthier’ will not score.

(d)
There is a build-up of scale/calcium carbonate (CaCO3) is formed. ( This means that energy is wasted/it takes longer to boil/the kettle is less efficient. (
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Remember that kettle fur is not scum. Scum is the precipitate formed when soap reacts with hard water.

(e)
The calcium ions/Ca2+/ magnesium ions/Mg2+ ( are replaced by hydrogen ions/H+/sodium ions/Na+. (
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There is no need to introduce you answer with something like ‘As the hard water passes through the column…’.

(f)
Sodium carbonate reacts ( with the calcium/magnesium ions to form precipitates ( of calcium carbonate/magnesium carbonate.



Na2CO3(aq) + Ca2+(aq) → CaCO3(s) + 2Na+(aq) ((
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There is 1 mark for each side of the equation. Since this is a precipitation reaction the state symbols are essential.

(g)
Filtration removes solids. ( Chlorination sterilises the water. (
(h)
Carbon (, silver ( and ion exchange resins (.

(i)
It uses a lot of energy. (
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There is no need to go into further detail.

Answer 17

(a)
Because the products are at a lower energy level than the reactants. ( This shows that heat is being released to the surroundings. (
(b)
CH4(g) + 2O2(g) ( CO2(g) + 2H2O(g) (((
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1 mark is for correct formulae, 1 for balancing and 1 for correct state symbols. As with all formulae and equations, just make sure that you write very clearly so that the symbols are unambiguous, they cannot be mistaken for another element and the numbers are subscript where necessary. 

(c)
Breaking the bonds in the reactants/methane and oxygen is endothermic/takes in/absorbs energy. (

Making the bonds in the products/carbon dioxide and water is exothermic/releases energy. (

More energy is released than is absorbed. (
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You must not say that energy is made, produced or lost.
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(d)
It provides a different reaction pathway ( that has a lower activation energy (.

(e)
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Take care that you make the curved line high enough above the product level, so that the activation energy is clearly more than the difference between the reactants and products. You will need to draw a horizontal line across from the peak of the curve to make sure you show exactly what you mean by the activation energy.

(f)

	Breaking bonds
	Making bonds

	Bonds
	Energy in kJ
	Bonds
	Energy in kJ

	3 × H–H
	3 × 436
	+1308 (
	6 × H–N
	6 × 388
	–2328 (

	1 × N≡N
	1 × 944
	+944 (
	
	
	

	Total
	
	+2252
	Total
	
	–2328



Overall energy change = 2252 – 2328 = –76 kJ (
Exothermic ( 

[image: image15.jpg]



This type of calculation is best tackled using a table. It makes your calculations easy to do and clear for the examiner to follow. It also reduces the chances of you introducing errors and therefore increases the likelihood of your scoring full marks.

Answer 18

(a)
Potassium ions: flame test (; lilac flame (
(b)
Aluminium ions: add sodium hydroxide solution (; white precipitate forms ( that dissolves in excess hydroxide (
(c)
Carbonate ions: add hydrochloric acid (, effervescence/bubbles of gas produced (
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There is no limewater available so you are not expected to describe the test for carbon dioxide.

(d)
Chloride ions: add silver nitrate solution acidified with dilute nitric acid (; white precipitate forms (
(e)
Sulfate ions: add barium chloride solution acidified with dilute hydrochloric acid (; white precipitate forms (
(f)
Aluminium ions do not produce a coloured flame. (
(g)
Any four from the following points:

· The hydrochloric acid is measured using a pipette.

· The sodium hydroxide is used in a burette.

· Note the initial reading on the burette.

· Note the final reading on the burette/volume used.

· Use of indicator described. ((((
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You can use a labelled diagram to show the apparatus, but a few words of description are probably easier and clearer.

(h)
NaOH + HCl ( NaCl ( + H2O (
(i)
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= 0.0096 mol ( 


1 mole of sodium hydroxide reacts completely with 1 mole of hydrochloric acid, so:
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= 0.38(4) mol/dm3 (
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Make sure you clearly show the examiner what you are doing as the calculation proceeds.

Answer 19

(a)
Nitrogen is taken from the air. (
(b)
There is more chance of them colliding/coming into contact with each other. (
(c)
The rate of reaction is increased by using an iron ( catalyst (, at high temperatures ( and high pressures (.

(d)
Percentage yield = 49% (
(e)
Temperature: lower temperature increases yield ( because equilibrium is moved to the right (, but rate of reaction is reduced (. 


Pressure: higher pressure increases yield ( because equilibrium is moved to the right (.
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Your answers here must be about yield not rate (but you are expected to note that the lower temperature produces a greater yield at a slower rate).

(f)
The reaction is too slow at low temperatures. ( 


The cost of manufacturing the equipment to withstand very high pressures is too great/very high pressure increases the risk to safety. (
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The idea of a compromise between yield and rate/cost will score 1 mark. Full marks require a more specific answer relating to both temperature and pressure.

Answer 20

(a)
CnH2n+1OH (
(b)
C2H5OH(l) + 3O2(g) ( 2CO2(g) + 3H2O(l) (((
[image: image23.jpg]



1 mark is for correct formulae, 1 for balancing and 1 for correct state symbols.

(c)
Ethanol burns with a clean flame/no soot (, is a liquid, so easily transported/contained ( and releases a lot of energy (.

(d)
A weak acid does not ionise completely ( in aqueous solution (.
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This is simply the definition; nothing more is needed.

(e)
The pH of a weak acid is higher than the pH of a strong acid/is about 3 or 4 for a weak acid, 0 or 1 for a strong acid. (
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It is best to leave this as a comparison without trying to remember any specific numbers, but ensure that it is a comparison, not just ‘weak acids have a higher pH’.

(f)
Ethyl ethanoate (
(g)
Volatile means it vaporises easily. (
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This is quite a straightforward topic to learn and prepare for the exam. The only equations you can be quizzed on are the combustion of alcohols, so make sure you know how to write them correctly and clearly.
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