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The early periodic table
	John Newlands
	Dmitri Mendeleev

	· Ordered his table in order of atomic mass 
· Realised similar properties occurred every eighth element – ‘law of octaves’ but broke down after calcium. 
	· Ordered his table in order of atomic mass, but not always strictly.
· Left gaps for undiscovered elements.


· The table is called a periodic table because similar properties occur at regular intervals. 
· Elements with similar properties are found in the same column (groups)
[image: http://0.tqn.com/d/chemistry/1/0/D/d/1/PeriodicTableWallpaper.jpg]The modern periodic table
· When electrons, protons and neutrons were discovered in the early 20th century, elements were ordered in atomic (proton) number.
· When this was done, all elements were placed in appropriate groups. 
· Elements in the same group have the same number of electrons in their highest occupied energy level (outer shell) 

Trends within the periodic table
Group 1 – Alkali metals
· [image: ]Low density (first 3 are less dense than water)
· React with non-metals to form an ionic compound, in which the metal ion carries a charge of +1. These compounds are white solids which dissolve to form colourless solutions.
· They react with water to release hydrogen 
· They form hydroxides which dissolve in water to give alkaline solutions (hence the name alkali metals)
As you go further down:
· The elements get more reactive because the · Most reactive.
· Lowest boiling and melting point.

electrons are further away from the positive nucleus, so 
are lost more easily.
· [image: ]They have lower melting and boiling points
Group 7 – The halogens
· They react with metals to form ionic compounds in which the halide ion carries a -1 charge. 
· A more reactive halogen can displace a less reactive in an aqueous solution of its salt.
E.g. Chlorine will displace bromine if we bubble the gas through a solution of potassium bromide:
Chlorine + Potassium Bromide  Potassium Chloride + Bromine

As you go further down:
· The element is less reactive because the higher the energy level of the outer electrons, the less easily electrons are gained (attracted to the positive nucleus.)
· The higher its melting and boiling point
The transition elements
Compared to group 1, the transition elements:
· [image: ]Are harder and stronger
· Have higher melting points (except for mercury) and higher densities 
· Much less reactive and don’t react as vigorously with oxygen or water
· Conduct heat and electricity due to their delocalised electrons
· They have ions with many different charges, so form coloured compounds, and are useful as catalysts. 

Hard and soft water
Soap and water
· Soft water easily forms a lather with soap 
· [image: http://www.dishwasher-care.org.uk/img/hard_water_map.gif]Hard water contains dissolved compounds which react with soap to form scum, so more soap is needed to form lather  more money.
· Soapless detergents do not form scum
Rocks and water
· Hard water contains dissolved compounds, normally calcium or magnesium.
· These compounds are dissolved when the water comes into contact with rocks.
Permanent and temporary hard water
· Permanent hard water stays hard when it’s boiled.
· Temporary hard water is softened by boiling.
· Temporary hard water contains hydrogencarbonate ions, which when heated decompose to form carbonate ions which reacts with calcium and magnesium forming a precipitate. 
Advantages and disadvantages of hard water
	Advantages
	Disadvantages

	· Calcium compounds are good for development and maintenance of bones and teeth
	· Can increase costs because more soap is needed to form lather

	· Calcium reduces heart disease
	· Temporary hard water can form limescale that reduces the efficiency of heating systems and kettles





[image: http://science.taskermilward.org.uk/mod1/KS4Chemistry/AQA/C3%20Part%201/C3%20Part1_img/ion%20exchange%20column.bmp]Softening hard water
Hard water can be softened by removing the dissolved calcium and magnesium ions, this can be done by:
· Adding sodium carbonate, this reacts with the magnesium and calcium ions to form a precipitate of calcium carbonate and magnesium carbonate.
· Using ion exchange columns, which contain hydrogen or sodium ions which replace the calcium and magnesium ions as the hard water passes through the column. 

Purifying water
· Water of the correct quality is essential for life. It must be free of poisonous salts and harmful microbes. 
How correct quality water is produced:
1. [image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/triple_science/010_bitesize_gcse_tschemistry_water_waterpurification_464.gif]An appropriate source is found (usually rainwater which is stored in reservoirs)
2. Water is passed through a mesh screen to remove large bits e.g twigs
3. Chemicals are added to make solids and microbes stick together and sink 
4. Water is then passed through filter beds to remove smaller solids. 
5. The water is then sterilised with chlorine to kill any microbes left. 

Filters and water softeners 
· Water filters contain silver and carbon to remove substances from their tap water. 
· Some people buy water softeners which contain ion exchange resins.
· These can both improve the taste and quality of tap water. 

Chlorine and fluoride.
ADVANTAGES
· Fluorine is added to water to improve dental health.
· Chlorine is added to water to reduce microbes. 
DISADVANTAGES
· Adding fluoride can cause cancer and bone problems. 
· People have no choice, is adding fluoride ‘mass medicating’?

Distillation
· Pure water can be produced by distillation 
· Large amounts of energy would be needed to boil the water 
· So high costs are involved 

Energy from reactions
Calorimetry 
· Method of measuring energy release from chemical reactions 
· For example, the temperature change of a water being heated by a flame could be measured.
· Can be used to compare amounts of energy released by fuels and foods
Q = mc ΔT
Energy (J) = mass of water (g) x specific heat capacity of water x change in temperature (°C)
E.g In an experiment, ethanol was burnt from a spirit burner and the energy released was used to heat 50 g of water. The starting temperature of the water was 19°C but by the end of the reaction, the temperature had risen to 41°C. The mass of fuel in the spirit burner was initially 40.0 g, but this had decreased to 38.5 g by the end of the reaction.
Calculate the energy change in kJ/g of fuel.
Step 1: Calculate the temperature change, ΔT
41 – 19 = 22 °C
Step 2: Use Q = mc ∆T
Remember that c = 4.2 J/g°C for liquids (unless you are told otherwise):
Q = mc ΔT
Q = 50 × 4.2 × 22 = 4620 J
Q = 4.62 kJ
Step 3: Calculate the mass of fuel burnt
40.0 – 38.5 = 1.5 g
Step 4: Divide energy released by mass of fuel burnt
Energy change = 4.62 ÷ 1.5 = 3.08 kJ/g

· The amount of energy released or absorbed by a chemical reaction can be calculated from the temperature change of a solution when two reactants are mixed in an insulated container (so energy isn’t lost to surroundings)
· This method can be used for neutralisation reactions or reactions of solids with water.
[image: ]Energy level diagrams
· In exothermic reactions (right), the products have less energy than the reactants as energy is released into the surroundings. 
· In endothermic reactions, the products have more energy than the reactants as energy is taken in from the surroundings. 
· The arrow shows overall energy change.


· [image: ]Curved arrows on energy level diagrams show the activation energy (energy required to start a reaction).
· Catalysts decrease the activation energy; this increases the proportion of particles with energy to react.
· Catalysts provide a different pathway for a chemical reaction that has a lower activation energy.



Bond energy calculations
· During a chemical reaction, energy is supplied to break forms and energy is released when bonds form. 
· In an exothermic reaction, the energy released when new bonds form is greater than the energy supplied to break existing bonds.
· In an endothermic reaction, the energy supplied to break existing bonds is greater than the energy released when new bonds form.



Calculating overall energy change:
1. Calculate total energy needed to break all bonds in reactants (energy in)
2. Calculate total energy released in making bonds in products (energy out)
3. Overall energy change = energy in – energy out
· If energy change is positive, the reaction is endothermic. 
· If energy change is negative, reaction is exothermic. 

Hydrogen - combustion
· Hydrogen can be burned as a fuel in combustion engines 
Hydrogen + oxygen  water
· The reaction releases energy, so is exothermic.
	Advantages
	Disadvantages

	· Only releases water, so is very clean.
	· You need a special, expensive engine.

	
	· Hydrogen is hard to store safely.



Hydrogen – fuel cells
· It can also be used in fuel cells; fuel cells use energy from reactions to generate electricity. 

Analysing substances
Flame tests
· Flame tests can be used to identify metal ions.
	Lithium
	Crimson

	Sodium
	Yellow

	Potassium
	Lilac

	Calcium
	Red

	Barium
	Green



Sodium hydroxide
· Aluminium, calcium and magnesium ions form a white precipitate with NaOH. 
· Only aluminium’s precipitate dissolves when excess NaOH is added.
· Copper(II) produces a blue precipitate
· Iron(II) produces a green precipitate
· Iron(III) produces a brown precipitate

Testing for carbonates
· Carbonates react with dilute acids to create carbon dioxide.
· This gas can be bubbled through limewater, if the limewater goes cloudy, the gas is CO2.

Halide ions
· First add dilute nitric acid, followed by silver nitrate solution
· Chloride gives a white precipitate                    
· Bromide gives a cream precipitate
· Iodine gives a yellow precipitate
· (cats with brains can ideally yodel)

Sulfate ions
· First add dilute hydrochloric acid, followed by barium chloride solution
· A white precipitate will form.

Titration
How to carry out a titration:
1. Wash burette using dilute hydrochloric acid and then water
1. Fill burette to 100cm3 with acid with the meniscus’ base on the 100cm3 line
1. Use 25cm3 pipette to add 25cm3 of alkali into a conical flask, drawing alkali into the pipette using a pipette filler
1. Add a few drops of a suitable indicator to the conical flask (eg: phenolthalein which is pink when alkaline and colourless when acidic)
1. Add acid from burette to alkali until end-point is reached (as shown by indicator)
1. The titre (volume of acid needed to exactly neutralise the acid) is the difference between the first (100cm3) and second readings on the burette)
1. Repeat the experiment to gain more precise results






Titration calculations
· 1dm3 = 1000cm3
· One mole of a substance in grams the same as its relative atomic mass in grams. 
Working out concentrations:
E.g 25 cm3 of dilute hydrochloric acid is neutralised by 20 cm3 of 0.5 mol/dm3sodium hydroxide. What is the concentration of the hydrochloric acid?
1. Convert volumes into dm3.Mol/dm3
dm3

25/1000=0.025dm3                     20/1000=0.02dm3
2. Work out the concentration
Volume x concentration = volume x concentration
So, 0.02 x 0.5 = 0.1          =    0.025 x ?
0.1 / 0.025 = 0.4mol/dm3





E,g 2 25 cm3 of dilute hydrochloric acid is neutralised by 20 cm3 of 0.5 mol/dm3sodium hydroxide. What is the concentration of the hydrochloric acid?
HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l)
	
	HCl
	NaOH

	Moles
	0.01
	0.01

	Vol
	0.025
	0.02

	Conc
	0.4
	0.5

	Ratio
	1
	1


1 Make sure the equation is balanced
2 Fill in the information you know – make sure to convert cm3 to dm3
3 Work out the moles based on the ratio
· You also need to be able to work out masses in g/dm3
A sample of vinegar contains 0.1 mol/dm3 ethanoic acid. What is its concentration in g/dm3? (The relative formula mass, Mr, of ethanoic acid is 60)
concentration in g/dm3 = concentration in g/dm3 × Mr
concentration = 0.1 × 60 = 6 g/dm3
= 6g/dm3

Making ammonia
The Haber Process
· The raw materials for the Haber process are nitrogen and hydrogen.
· Nitrogen is obtained from the air and hydrogen may be obtained from natural gas or other sources.
· The purified gases are passed over a catalyst of iron at a high temperature (about 450 °C) and a high pressure (about 200 atmospheres).
· Some of the hydrogen and nitrogen reacts to form ammonia.
· The reaction is reversible so ammonia breaks down
· again into nitrogen and hydrogen.
[image: ]
· On cooling, the ammonia liquefies and is removed.
· The remaining nitrogen and hydrogen are recycled.
Equilibrium
· When a reversible reaction occurs in a closed system, equilibrium is reached when the reactions occur at exactly the same rate in each direction.
· The relative amounts of all the reacting substances at equilibrium depend on the conditions of the reaction.
The effect of temperature:
· If the temperature is raised, the yield from the endothermic reaction increases and the yield from the exothermic reaction decreases.
· If the temperature is lowered, the yield from the endothermic reaction decreases and the yield from the exothermic reaction increases. 
	
	Exothermic
	Endothermic

	An increase in temperature...
	Decreases yield of reaction
	Increases yield of reaction

	A decrease in temperature...
	Increases yield of reaction
	Decreases yield of reaction



The effect of pressure on a gaseous equation:
· In gaseous reactions, an increase in pressure will favour the reaction that produces the least number of molecules as shown by the symbol equation for that reaction.
	If a reaction produces a...
	...larger volume of gas
	...smaller volume of gas

	An increase in pressure...
	Decreases yield of reaction
	Increases yield of reaction

	A decrease in pressure...
	Increases yield of reaction
	Decreases yield of reaction



Alcohols
· Alcohols contain the functional group –OH
· The first 3 members of the series are methanol, ethanol and propanol.
[image: ]Methanol, ethanol and propanol:
· Burn in air
· Dissolve in water to form a neutral solution
· React with sodium to produce hydrogen 
· They are used as fuels and solvents, and ethanol is the main alcohol in alcoholic drinks. 
Oxidisation
· Ethanol can be oxidised to form ethanoic acid.
· It can be oxidised by chemical oxidising agents or microbial action.
· Vinegar is an aqueous solution which contains ethanoic acid.

Carboxylic acids
· [image: ]Ethanoic acid is a member of the carboxylic acids, they have the functional group –COOH. 
Carboxylic acids:
· Dissolve in water to produce acidic solutions
· React with carbonates to produce carbon dioxide
· React with ethanol in the presence of an acid catalyst to produce esters 
· They do not ionise completely, so do not release many H+ ions, so it is a weak acid.
· This means they have a higher pH (weak acid) than solutions of strong acids of the same concentration.  
Esters
· Ethel ethanoate is the ester produced by ethanoic acid and ethanol.
· [image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/triple_science/reaction_fig23.gif]They have the functional group –COO-. 
· They are volatile compounds with distinctive smells and are used as flavourings and perfumes.
image5.gif
Hard Water Areas in England and Wales

Softto moderately soft
0100mg1 35

calcium carbanate
ectivalent

ectivalent

e

[ Pt
e
b

Source: Brish Water




image6.png
o

e
Coanen

T Benenetos o

¥ meareowarer
10N EXCHANGE TREATMENT PROCESS




image7.png
Storage
tank

Chiorine | To homes
added | and factories




image8.png
Energy





image9.png
actvation energy

Energy

lower actvation
energy using 8
catalyst




image10.jpeg




image11.jpeg




image11.png
nitrogen + hydrogen == ammonia




image12.png




image13.png




image14.gif
9

x

!
—p—=
T—0—z

T

// \

i
—p—=
z—p—z

3

NIJTN

T—¢—=
5
Q
//r_v
T—p—=
T—o—z

es(er link

+ water

ethyl propanoate

ethanol -

propanoic acid




image1.jpeg
kS Periodic Table of the Elements -

‘b
e ia "o e Na P Bm "k





image2.png




image3.png




image4.png




