UNIT F321: ATOMS, BONDS AND GROUPS

REVISION CHECKLIST
Read each point in the specification clearly and answer all the related questions.

If you can answer all of these questions, you will do well!
1.1 Module 1: Atoms and Reactions

1.1.1 Atoms

Candidates should be able to:

Atomic structure

(a) describe protons, neutrons and electrons in terms of relative charge and relative mass;

	particle
	relative mass
	relative charge

	proton
	
	

	neutron
	
	

	electron
	
	


(b) describe the distribution of mass and charge within an atom;

	particle
	where found

	proton
	

	neutron
	

	electron
	


The mass of an atom depends on the....................................................................

The mass of an atom is concentrated.....................................................................

The positively charged particles in an atom are found.............................................

The negatively charged particles in an atom are found............................................

Atoms are neutral because....................................................................................... 

(c) describe the contribution of protons and neutrons to the nucleus of an atom, in terms of atomic (proton) number and mass (nucleon) number;

Atomic number = .......................................................................

Mass number = ..........................................................................

(d) deduce the numbers of protons, neutrons and electrons in:

(i) an atom given its atomic and mass number,

(ii) an ion given its atomic number, mass number and ionic charge;

Example:

	Species
	(i) 84Kr
	(ii) 63Cu2+

	number of protons
	
	

	number of neutrons
	
	

	number of electrons
	
	


(e) explain the term isotopes as atoms of an element with different numbers of neutrons and different masses;

Isotopes = ......................................................................................................................

Relative Masses

(f) state that 12C is used as the standard measurement of relative masses;

1 atomic mass unit = ......................................................................................

(g) define the terms relative isotopic mass and relative atomic mass, based on the 12C scale;

relative isotopic mass = ..................................................................................................

.......................................................................................................................................

relative atomic mass = ..................................................................................................

.......................................................................................................................................

(h) calculate the relative atomic mass of an element given the relative abundances of its isotopes;


eg 
A sample of titanium was found to contain three isotopes, 46Ti, 47Ti and 48Ti. The results of the analysis are shown in the table below.

	isotope
	46Ti
	47Ti
	48Ti

	relative isotopic mass
	46.00
	47.00
	48.00

	percentage composition
	8.9
	9.8
	81.3




Using the information in the table, calculate the relative atomic mass of this sample of titanium. Give your answer to three significant figures.

(i) use the terms relative molecular mass and relative formula mass and calculate values from relative atomic masses.

relative molecular mass is used to describe ................................................................
relative formula mass is used to describe ....................................................................

eg
Calculate the relative molecular mass of butane (C4H10)
eg
Calculate the relative formula mass of magnesium chloride (MgCl2)

1.1.2 Moles and Equations
Candidates should be able to:

The mole

(a) explain the terms:

(i) 
amount of substance,

(ii) 
mole (symbol ‘mol’), as the unit for amount of substance,
(iii) 
the Avogadro constant, NA, as the number of particles per mole 
(6.02 ×1023 mol–1);

Amount of substance = ............................................................................................................................

.................................................................................................................................................................

Mole = ............................................................................................................................

.................................................................................................................................................................

Avogadro Constant = ............................................................................................................................

.................................................................................................................................................................

(b) define and use the term molar mass (units gmol–1) as the mass per mole of a substance;

Molar mass = ............................................................................................................................

.................................................................................................................................................................

Empirical and Molecular Formulae

(c) explain the terms:
(i)
empirical formula as the simplest whole number ratio of atoms of each element present in a compound,

(ii)
molecular formula as the actual number of atoms of each element in a molecule;

Empirical formula = ..................................................................................................................

....................................................................................................................................................
Molecular formula = ..................................................................................................................

....................................................................................................................................................

(d) calculate empirical and molecular formulae, using composition by mass and percentage compositions;

eg 1 
A student reacted 1.44 g of titanium with chlorine to form 5.70 g of a chloride X. Determine the empirical formula of X


eg 2
Calculate the empirical formula of a ionic compound which has the following percentage composition by mass: Rb, 7.42%; Ag, 37.48%; I, 55.10%

Chemical equations

(e) construct balanced chemical equations for reactions studied and for unfamiliar reactions given reactants and products;

eg
Write a balanced equation to show the formation of (NH4)2SO3 from ammonia, water and sulphur dioxide

eg
Write a balanced equation to show the reaction of ammonia with oxygen to produce nitrogen monoxide and water

Calculation of reacting masses, mole concentrations and volumes of gases

(f) carry out calculations, using amount of substance in mol, involving:
(i)
mass,

(ii)
gas volume,
(iii)
solution volume and concentration;

Eg 1

0.11 g of pure barium was added to 100 cm3 of water.

Ba(s) + 2H2O(l) → Ba(OH)2(aq) + H2(g)


(i)
Calculate the moles of Ba added to the water.


(ii)
Calculate the volume of hydrogen, in cm3, produced at room temperature and pressure.


(iii)
Calculate the concentration, in mol dm−3, of the Ba(OH)2(aq) solution formed.


Eg 2
A student neutralised 1.50 g of CaCO3 with 2.50 mol dm–3 nitric acid, HNO3. The equation for this reaction is shown below:

CaCO3(s) + 2HNO3(aq) ( Ca(NO3)2(aq) + CO2(g) + H2O(l)



(i)
How many moles of CaCO3 were reacted?



(ii)
Calculate the volume of 2.50 mol dm–3 HNO3 needed to exactly neutralise 1.50 g of CaCO3.



(iii)
Calculate the volume of CO2 produced at rtp.

(g) deduce stoichiometric relationships from calculations;

Eg
25 cm3 of a 0.1 moldm-3 solution of an acid HxA reacts with 75 cm3 of a 0.1 moldm-3 solution of NaOH. What is the value of x? 

Equation: HxA + xNaOH ( + NaxA + xH2O

(h) use the terms concentrated and dilute as qualitative descriptions for the concentration of a solution.

concentrated = .....................................................................................................

dilute = .................................................................................................................

1.1.3
Acids
Candidates should be able to:

Acids and bases
(a) explain that an acid releases H+ ions in aqueous solution;

Acid = ........................................................................................

(b) state the formulae of the common acids: hydrochloric, sulfuric and nitric acids;

hydrochloric acid = ......................

sulphuric acid = ...........................

nitric acid = ...................................

(c) state that common bases are metal oxides, metal hydroxides and ammonia;

Base = ....................................................................................................

calcium oxide = ..........................

calcium hydroxide = ....................

ammonia = ........................ 

(d) state that an alkali is a soluble base that releases OH– ions in aqueous solution;

alkali = ...........................................................................................................

(e) state the formulae of the common alkalis: sodium hydroxide, potassium hydroxide and aqueous ammonia;
sodium hydroxide = .............................

potassium hydroxide = ........................

ammonia = ........................

Salts

(f) explain that a salt is produced when the H+ ion of an acid is replaced by a metal ion or NH4+;

salt = .............................................................................................................................

.......................................................................................................................................
(g) describe the reactions of an acid with carbonates, bases and alkalis, to form a salt;

Eg
Write symbol equations, with state symbols, and describe what you would see when:



calcium carbonate reacts with nitric acid

magnesium oxide reacts with hydrochloric acid

potassium hydroxide solution reacts with sulphuric acid

ammonia solution reacts with sulphuric acid

(h) explain that a base readily accepts H+ ions from an acid: eg OH– forming H2O; NH3 forming NH4+;

ionic equation for reaction between HCl and NaOH: ................................................

ionic equation for reaction between HCl and NH3: ..................................................

(i) explain the terms anhydrous, hydrated and water of crystallisation;

anhydrous = ........................................................................................................

hydrated = ...........................................................................................................

water of crystallisation = ......................................................................................

(j) calculate the formula of a hydrated salt from given percentage composition, mass composition or experimental data;

Eg 1
Hydrated calcium nitrate has the formula Ca(NO3)2.xH2O. Given that its crystals contain 30.50% of H2O by mass, calculate its formula.



Eg 2
A sample of Epsom salts, MgSO4•xH2O, was heated to remove the water. 1.57 g of water was removed leaving behind 1.51 g of anhydrous MgSO4. Calculate the formula of the Epsom salts.

(k) perform acid–base titrations, and carry out structured titrations.

Eg
3.5 g of a hydrated sample of sodium carbonate, Na2CO3.xH2O,  was dissolved in water and the volume made up to 250 cm3. 25.0 cm3 of this solution was titrated against 0.1 moldm-3 HCl and 24.5 cm3 of the acid were required. Calculate the value of x given the equation:




Na2CO3 + 2HCl ( 2NaCl + CO2 + H2O

1.1.4
Redox
Candidates should be able to:

Oxidation number
(a) apply rules for assigning oxidation number to atoms in elements, compounds and ions;

Eg
What is the oxidation number of Cl in Cl2?

What are the oxidation numbers of H and O in H2O?

What are the oxidation numbers of Mg and Cl in MgCl2?

What are the oxidation numbers of O and F in F2O?
What are the oxidation numbers of H, O and Cl in HOCl?

(b) describe the terms oxidation and reduction in terms of:

(i)
electron transfer,

(ii) 
changes in oxidation number;

oxidation = ...........................................
or
....................................................

reduction = ..........................................
or
.....................................................

(c) use a Roman numeral to indicate the magnitude of the oxidation state of an

element, when a name may be ambiguous, eg nitrate(III) and nitrate(V);


Eg
Name the following ions:



NO3-  = .............................
NO2- = .............................


SO42- = .............................
SO32- = .............................
ClO- = .............................
ClO2- = .............................

ClO3- = .............................

(d) write formulae using oxidation numbers;

Eg
Deduce possible formulae for:

phosphate (V)

phosphate (III)

chlorate (VII)

iodate (V)

Redox reactions
(e) explain that:

(i)
metals generally form ions by losing electrons with an increase in oxidation number to form positive ions,

(ii)
non-metals generally react by gaining electrons with a decrease in oxidation number to form negative ions;


eg


2Mg

+
O2
(

2MgO

oxidation numbers:
......


.....


..... .......

The magnesium has been ............. because.................................................................

.......................................................................................................................................

The oxygen has been ............. because.................................................................

.......................................................................................................................................

(f) describe the redox reactions of metals with dilute hydrochloric and dilute sulfuric acids;

eg


Fe
+
H2SO4
(
FeSO4
+
H2
oxidation numbers:
...

... ... ...

... ... ...

...

What has been oxidised and how do you know?

What has been reduced and how do you know?

eg
Write the equation for the reaction between magnesium and hydrochloric acid.


State what you would see during the reaction 


Use oxidation numbers to explain what is oxidised and what is reduced during the reaction.

(g) interpret and make predictions from redox equations in terms of oxidation numbers and electron loss/gain.

eg


2Sr(NO3)2 
( 
2SrO 
+ 
4NO2 
+ 
O2
oxidation numbers:
... ... ...


... ...

... ...

...

What has been oxidised and how do you know?

What has been reduced and how do you know?

1.2 Module 2: Electrons, Bonding and Structure

1.2.1
Electron Structure

Candidates should be able to:

Ionisation Energies

(a) Define the terms first ionisation energy and successive ionisation energy;

1st ionisation energy = ...................................................................................................

.......................................................................................................................................

Equation = 

2nd ionisation energy = ...................................................................................................

.......................................................................................................................................

Equation = 

3rd ionisation energy = ...................................................................................................

.......................................................................................................................................

Equation = 

(b) Explain that ionisation energies are influenced by nuclear charge, electron shielding and the distance of the outermost electron from the nucleus;

As the nuclear charge increases the attraction between the outermost electron and the nucleus will .................. and so the ionisation energy will ...........................

As the shielding increases the attraction between the outermost electron and the nucleus will .................. and so the ionisation energy will ...........................

As the distance of the outermost electron from the nucleus increases the attraction between the outermost electron and the nucleus will .................. and so the ionisation energy will ...........................

(c) predict from successive ionisation energies of an element:

(i)
the number of electrons in each shell of an atom,

(ii) 
the group of the element;
A small increase in successive ionisation energy means that the next electron is being removed.........................................................................

A large increase in successive ionisation energy means that the next electron is being removed.........................................................................

eg
The first eight ionisation energies of an atom are shown below. Use the information in the table to deduce the number of electrons in the outermost shell of this atom, and hence the group in the Periodic Table to which it belongs;

	ionisation number
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th

	ionisation energy / kJ mol–1
	1 314
	3 388
	5 301
	7 469
	10 989
	13 327
	71 337
	84 080


Electrons: electronic energy levels, shells, sub-shells, atomic orbitals, electron configuration

(d) state the number of electrons that can fill the first four shells;

	shell number (n)
	number of electrons

	1
	

	2
	

	3
	

	4
	


(e) describe an orbital as a region that can hold up to two electrons, with opposite spins;

orbital = ...............................................................................................................................

.............................................................................................................................................

(f) describe the shapes of s and p orbitals;

	orbital type
	diagram

	s
	

	p
	


(g) state the number of:

(i)
orbitals making up s-, p- and d-subshells,

(ii)
electrons that occupy s-, p- and d-subshells;

	subshell
	number of orbitals
	number of electrons
	total number of electrons in shell

	1s
	
	
	

	2s
	
	
	

	2p
	
	
	

	3s
	
	
	

	3p
	
	
	

	3d
	
	
	

	4s
	
	
	

	4p
	
	
	

	4d
	
	
	

	4f
	7
	14
	


(h) describe the relative energies of s-, p- and d-orbitals for the shells 1, 2, 3 and the 4s and 4p orbitals;

	shell
	relative energy of orbitals (lowest ( highest)

	1
	

	2
	

	3
	

	4 (s, p only)
	

	first 4 together
	


(i) deduce the electron configurations of:

(i)
atoms, given the atomic number, up to Z = 36,

(ii)
ions, given the atomic number and ionic charge, limited to s and p blocks up to Z= 36;

eg
Deduce the electron configuration of the following atoms:


Be
N
Na
Al
Cl
Ca
Ti
Fe
Ga
Kr


eg
Deduce the electron configuration of the following ions:



Be2+
O2-
Al3+
P3-
K+
Br-

(j) classify the elements into s, p and d blocks.
s-block = ........................................................................................................................

p-block = ........................................................................................................................

d-block = ........................................................................................................................


eg
State the block in the Periodic Table to which the following elements belong:



Li
B
Ca
V
Ge
Al
He
Ne

1.2.2
Bonding and Structure
Candidates should be able to:

Ionic bonding

(a) describe the term ionic bonding as electrostatic attraction between oppositely charged ions;

ionic bonding = 
...................................................................................................

....................................................................................................

(b) construct ‘dot-and-cross’ diagrams, to describe ionic bonding;

eg
construct a dot-and-cross diagram to show the ionic bonding in Na2O

eg
construct a dot-and-cross diagram to show the ionic bonding in MgCl2
(c) predict ionic charge from the position of an element in the Periodic Table;

eg
predict the most likely charge on:
S
P
Ca
Al
Br

(d) state the formulae for the following ions: NO3-, CO32–, SO42– and NH4+;

formula of nitrate ion =  


formula of carbonate ion = 


formula of sulphate ion = 


formula of ammonium ion = 

Covalent bonding and dative covalent (coordinate) bonding

(e) describe the term covalent bond as a shared pair of electrons;

covalent bond = 
...................................................................................................

....................................................................................................

(f) construct ‘dot-and-cross’ diagrams to describe:

(i)
single covalent bonding, eg as in H2, Cl2, HCl, H2O, NH3, CH4, BF3 and SF6,

(ii)
multiple covalent bonding, eg as in O2, N2 and CO2,

(iii)
dative covalent (coordinate) bonding, eg as in NH4+,

(iv)
molecules and ions analogous to those specified in (i), (ii) and (iii)
	H2

	Cl2
	HCl
	H2O



	NH3

	CH4
	BF3
	SF6


	O2
	N2
	CO2



	NH4+




eg Draw dot-and-cross diagrams to show the bonding in:


H2S
PCl3
SiCl4
AlCl3
PCl4+
PCl6-
CS2
SO2
SnCl2




The shapes of simple molecules and ions

(g) explain that the shape of a simple molecule is determined by repulsion between electron pairs surrounding a central atom;

	no. of repelling electron pairs surrounding central atom:
	shape
	bond angle

	2
	
	

	3
	
	

	4
	
	

	6
	
	


(h) state that lone pairs of electrons repel more than bonded pairs;

	no. of repelling electron pairs surrounding central atom:
	bond angle (shape) if

no lone pairs
	bond angle (shape) if one lone pair
	bond angle (shape) if two lone pairs

	2
	
	
	

	3
	
	
	

	4
	
	
	

	6
	
	
	


(i) explain the shapes of, and bond angles in, molecules and ions with up to six electron pairs (including lone pairs) surrounding a central atom, eg as in:

(i)
BF3 (trigonal planar),

(ii)
CH4 and NH4+ (tetrahedral),
(iii)
SF6 (octahedral),
(iv)
NH3 (pyramidal),

(v)
H2O (non-linear),

(vi)
CO2 (linear);

	(i) BF3
	name of shape:


	(ii) NH4+
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:


	
	explanation:



	(ii) CH4
	name of shape:


	(iii) SF6
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:


	
	explanation:



	(iv) NH3
	name of shape:


	(v) H2O
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:


	
	explanation:



	(vi) CO2
	name of shape:


	
	

	shape:
	angle:
	
	

	
	explanation:


	
	


(j) predict the shapes of, and bond angles in, molecules and ions analogous to those specified in (i);

eg Predict and explain the shapes of, and bond angles in, the following species:

	H2S
	name of shape:


	PCl3
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:


	
	explanation:



	SiCl4
	name of shape:


	AlCl3
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:


	
	explanation:



	SO2
	name of shape:


	BeCl2
	name of shape:



	shape:
	angle:
	shape:
	angle:

	
	explanation:
	
	explanation:




Electronegativity and bond polarity

(k) describe the term electronegativity as the ability of an atom to attract the bonding electrons in a covalent bond;

Electronegativity = .........................................................................................................

.......................................................................................................................................

(l) explain that a permanent dipole may arise when covalently-bonded atoms have different electronegativities, resulting in a polar bond;

Polar bond = ..................................................................................................................

.......................................................................................................................................

Permanent dipole = .......................................................................................................

.......................................................................................................................................

eg
State and explain whether or not the following molecules will have a permanent dipole. If they do, draw the molecule showing the permanent dipole:


BF3
NF3
CO2
SO2
BeCl2
SnCl2
Intermolecular forces

(m) describe intermolecular forces based on permanent dipoles, as in hydrogen chloride, and induced dipoles (van der Waals’ forces),as in the noble gases;

Describe the intermolecular forces between two molecules of hydrogen chloride and explain how these forces arise. Draw a diagram to illustrate your answer:

.......................................................................................................................................

.......................................................................................................................................

.......................................................................................................................................

Describe the intermolecular forces between two atoms of krypton and explain how these forces arise. Draw a diagram to illustrate your answer:

.......................................................................................................................................

......................................................................................................................................

.......................................................................................................................................

(n) describe hydrogen bonding, including the role of a lone pair, between molecules containing –OH and –NH groups, ie as in H2O, NH3 and analogous molecules;

Hydrogen bond = ...........................................................................................................

.......................................................................................................................................

Describe, with the aid of a diagram, how a hydrogen bond is formed between two molecules of NH3. Show all dipoles and all lone pairs on your diagram.

.......................................................................................................................................

.......................................................................................................................................

(o) describe and explain the anomalous properties of H2O resulting from hydrogen bonding, eg:

(i)
the density of ice compared with water,

(ii)
its relatively high freezing point and boiling point;

Explain why water has a much higher freezing point and boiling point than most other molecules of a similar size:

.......................................................................................................................................

.......................................................................................................................................

Explain why ice has a lower density than water (it is the only substance which is more dense in the liquid state than it is in the solid state):

.......................................................................................................................................

.......................................................................................................................................

Metallic bonding

(p) describe metallic bonding as the attraction of positive ions to delocalised electrons;

Describe the bonding in solid magnesium. Use a diagram to illustrate your answer:

.......................................................................................................................................

.......................................................................................................................................

Bonding and physical properties

(q) describe structures as:
(i)
giant ionic lattices, with strong ionic bonding, ie as in NaCl,

(ii)
giant covalent lattices, ie as in diamond and graphite,

(iii)
giant metallic lattices,

(iv)
simple molecular lattices, ie as in I2 and ice;


Describe the structure of NaCl:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

Describe the structure of diamond:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

Describe the structure of graphite:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

Describe the structure of magnesium:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................


Describe the structure of I2:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

Describe the structure of ice:

.....................................................................................................................................................

.....................................................................................................................................................

.....................................................................................................................................................

(r) describe, interpret and/or predict physical properties, including melting and boiling 
points, electrical conductivity and solubility in terms of:
(i)
different structures of particles (atoms, molecules, ions and electrons) and the forces between them,

(ii)
different types of bonding (ionic bonding, covalent bonding, metallic bonding, hydrogen bonding, other intermolecular interactions);


Explain why sodium chloride has a high melting point:

Explain why sodium chloride does not conduct electricity in the solid state:

Explain why sodium chloride does conduct electricity when molten or dissolved in water:

Explain why most ionic compounds dissolve in water:

Explain why diamond and graphite both have high melting points:

Explain why graphite conducts electricity but diamond does not:

Explain why metals have high melting points:

Explain why metals are good conductors of electricity:


Explain why iodine has a relatively low melting point:


Explain why iodine does not conduct electricity:


Explain why iodine does not dissolve readily in water:


Explain why water has a relatively low melting and boiling point:


Explain why pure water does not conduct electricity:


Explain why ammonia is highly soluble in water:  

(s) deduce the type of structure and bonding present from given information.
	melting and boiling point
	electrical conductivity in solid state
	electrical conductivity in molten state
	type of structure present

	high
	high
	high
	/

	high
	low
	high
	

	low
	low
	low
	

	high
	low
	low
	


	melting and boiling point
	solubility in water
	type of structure present

	high
	high
	

	low
	high
	

	high
	low
	

	low
	low
	


1.3 Module 3: The Periodic Table

1.3.1
Periodicity
Candidates should be able to:

The structure of the Periodic Table in terms of groups and periods

(a) describe the Periodic Table in terms of the arrangement of elements:

(i)
by increasing atomic (proton) number,

(ii)
in periods showing repeating trends in physical and chemical properties,

(iii)
in groups having similar physical and chemical properties;


In what order are the elements arranged in the Periodic Table?


.....................................................................................................................................................

What is a “period” and what do all elements in the same period have in common?

.....................................................................................................................................................

What is a “group” and what do all elements in the same group have in common?

.....................................................................................................................................................

(b) describe periodicity in terms of a repeating pattern across different periods;

Periodicity = ...................................................................................................................

.......................................................................................................................................

(c) explain that atoms of elements in a group have similar outer shell electron configurations, resulting in similar properties;

Why do elements in the same group have similar properties?

.......................................................................................................................................

Why do elements in the same period not have similar properties?

.......................................................................................................................................

Periodicity of physical properties of elements

(d) describe and explain the variation of the first ionisation energies of elements shown by:

(i)
a general increase across a period, in terms of increasing nuclear charge,

(ii)
a decrease down a group in terms of increasing atomic radius and increasing electron shielding outweighing increasing nuclear charge;


First ionisation energies show a general increase across a period because...............................

.....................................................................................................................................................

.....................................................................................................................................................


First ionisation energies show a decrease down a group because.............................................


.....................................................................................................................................................


.....................................................................................................................................................

(e) for the elements of Periods 2 and 3:

(i)
describe the variation in electron configurations, atomic radii, melting points and boiling points,

(ii)
explain variations in melting and boiling points in terms of structure and bonding;


Atomic radii ........................ across a period because.................................................................


.....................................................................................................................................................


Atomic radii ........................ down a group because.................................................................


.....................................................................................................................................................

	Element
	Li
	Be
	B
	C
	N
	O
	F
	Ne

	Electron configuration
	
	
	
	
	
	
	
	

	Formula at rtp
	
	
	
	
	
	
	
	

	Type of structure
	
	
	
	
	
	
	
	


	Element
	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar

	Electron configuration
	
	
	
	
	
	
	
	

	Formula at rtp
	
	
	
	
	
	
	
	

	Type of structure
	
	
	
	
	
	
	
	


Melting and boiling points increase from Li ( Be and from Na ( Al because:

Melting and boiling points decrease from Li ( Na because:

The melting and boiling points of B, C and Si are very high because:

The melting and boiling points of N, O, F, Ne, P, S, Cl and Ar are low because:

The boiling points increase in the order neon < nitrogen < oxygen < fluorine because:

The boiling points increase in the order argon < chlorine < phosphorus < sulphur because:

(f) interpret data on electron configurations, atomic radii, first ionisation energies, melting points and boiling points to demonstrate periodicity.

eg
The electronic configuration of Sn is [Kr]5s24d105p2
Use this to predict the electronic configurations of In and Sb.

eg
Predict which of Sn, In and Sb will have the largest atomic radius and which will have the smallest, giving your reasons.
eg
Predict which of Se, Br and Kr will have the highest melting and boiling point and which will have the lowest, giving your reasons.

1.3.2
Group 2
Candidates should be able to:

Redox reactions of Group 2 metals
(a) describe the redox reactions of the Group 2 elements Mg → Ba:

(i)
with oxygen,

(ii)
with water;


Write an equation for the reaction of a typical Group 2 metal, X, with oxygen:


.........................................................................................................................


Describe and explain what you would see if a sample of calcium metal was left exposed to air:

.....................................................................................................................................................

.....................................................................................................................................................

Write an equation for the reaction of a typical Group 2 metal, X, with water:

.....................................................................................................................................................

Describe and explain what you would see if a sample of calcium metal was dropped into a container of water:

.....................................................................................................................................................

.....................................................................................................................................................


.....................................................................................................................................................


State what you would see if a sample of magnesium was dropped into a container of water:

.....................................................................................................................................................

(b) explain the trend in reactivity of Group 2 elements down the group due to the increasing ease of forming cations, in terms of atomic size, shielding and nuclear attraction;

State and explain how the reactivity of Group 2 metals to oxygen and water changes on descending the group from Mg to Ba:

.....................................................................................................................................................

.....................................................................................................................................................


.....................................................................................................................................................

.....................................................................................................................................................

Reactions of Group 2 compounds

(c) describe the action of water on oxides of elements in Group 2 and state the approximate pH of any resulting solution;

Write an equation for the reaction of a typical Group 2 metal oxide, XO, with water:

.....................................................................................................................................................

State, with a reason, the approximate pH of the resulting solution:

.....................................................................................................................................................

(d) describe the thermal decomposition of the carbonates of elements in Group 2 and the trend in their ease of decomposition;

Write an equation to show the thermal decomposition of a typical Group 2 metal oxide, XCO3:

.....................................................................................................................................................

As you descend group 2 it becomes ........................... to decompose thermally the 

 
carbonates of Group 2 metals.

(e) interpret and make predictions from the chemical and physical properties of Group 2 elements and compounds;

What differences would you see in the reaction of calcium and strontium with water?

.....................................................................................................................................................

.....................................................................................................................................................

What differences would you see in the behaviour of barium and strontium when left exposed to air?

.....................................................................................................................................................

.....................................................................................................................................................

What would you see when calcium is added to hydrochloric acid? Write an equation for the reaction.

.....................................................................................................................................................

.....................................................................................................................................................

How would your observations be different if magnesium, instead of calcium, was added to the hydrochloric acid?

.....................................................................................................................................................

.....................................................................................................................................................

Eg
Write an equation for the reaction taking place, and state how you could confirm that a reaction had taken place, when:

strontium carbonate is heated: 

........................................................................................................................................

........................................................................................................................................

strontium carbonate is added to nitric acid:

........................................................................................................................................

........................................................................................................................................

strontium oxide is added to water:

........................................................................................................................................

........................................................................................................................................

strontium oxide is added to sulphuric acid:

........................................................................................................................................

........................................................................................................................................

(f) explain the use of Ca(OH)2 in agriculture to neutralise acid soils; the use of Mg(OH)2 in some indigestion tablets as an antacid.

Use of Ca(OH)2 .............................................................................................................

Equation: .......................................................................................................................

Use of Mg(OH)2 .............................................................................................................

Equation: .......................................................................................................................

1.3.3
Group 7
Candidates should be able to:

Characteristic physical properties

(a) explain, in terms of van der Waals’ forces, the trend in the boiling points of Cl2, Br2 and I2;

On descending group 7, the boiling points of the halogens .....................................

because..........................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................
Redox reactions and trends in reactivity of Group 7 elements and their compounds

(b) describe the redox reactions, including ionic equations, of the Group 7 elements Cl2, Br2 and I2 with other halide ions, in the presence of an organic solvent, to illustrate the relative reactivity of Group 7 elements;
chlorine + sodium bromide
( ..............................
+ ...........................


symbol equation: ......... + ....................... 
( .....................

+ ......................


ionic equation: .......... + ....................... 

( ..........................
+ ....................


observations: ................................................................................................................................


observations after shaking with an organic solvent (eg cyclohexane):.........................................


This reaction is a ........................................ reaction.


It shows that .............................. is more reactive than .............................

chlorine + sodium iodide
( ..............................
+ ...........................


symbol equation: ......... + ....................... 
( .....................

+ ......................


ionic equation: .......... + ....................... 

( ..........................
+ ....................


observations: ................................................................................................................................


observations after shaking with an organic solvent (eg cyclohexane):.........................................


This reaction is a ........................................ reaction.


It shows that .............................. is more reactive than .............................

bromine + sodium iodide
( ..............................
+ ...........................


symbol equation: ......... + ....................... 
( .....................

+ ......................


ionic equation: .......... + ....................... 

( ..........................
+ ....................


observations: ................................................................................................................................


observations after shaking with an organic solvent (eg cyclohexane):.........................................


This reaction is a ........................................ reaction.


It shows that .............................. is more reactive than .............................

(c) explain the trend in reactivity of Group 7 elements down the group from the decreasing ease of forming negative ions, in terms of atomic size, shielding and nuclear attraction;

On descending Group 7, the halogens become ....................... reactive;

Because: .......................................................................................................................................

.......................................................................................................................................................

(d) describe the term disproportionation as a reaction in which an element is simultaneously oxidised and reduced, illustrated by:

(i)
the reaction of chlorine with water as used in water purification,

(ii)
the reaction of chlorine with cold, dilute aqueous sodium hydroxide, as used to form bleach,

(iii)
reactions analogous to those specified in (i) and (ii);


Disproportionation = ...................................................................................................................................


......................................................................................................................................................................

Equation for reaction of chlorine with water: .............................................................................................


Oxidation numbers:


..............................................................................................


This reaction is a ........................................ reaction because 

......................................................................................................................................................................


Use of this reaction: ...............................................................................................................

Equation for reaction of chlorine with cold, dilute sodium hydroxide solution: 

.............................................................................................


Oxidation numbers:


..............................................................................................


This reaction is a ........................................ reaction because 

......................................................................................................................................................................


Use of this reaction: ...............................................................................................................


eg
Use oxidation numbers to show that the following reactions are disproportionation reactions:



3Cl2 + 6NaOH ( NaClO3 + 5NaCl + 3H2O



4S + 6NaOH ( 2Na2S + Na2S2O3 + 3H2O

(e) interpret and make predictions from the chemical and physical properties of the Group 7 elements and their compounds;

eg
Predict the physical state of fluorine at rtp


Predict the physical state of astatine at rtp


Predict which of fluorine and astatine is more reactive


Write an equation for the reaction of bromine with water


Write an equation for the reaction of bromine with cold, dilute sodium hydroxide

(f) contrast the benefits of chlorine use in water treatment (killing bacteria) with associated risks (hazards of toxic chlorine gas and possible risks from formation of chlorinated hydrocarbons);

One reason why a little chlorine in water is a good idea:

.........................................................................................................................................

Two reasons why two much chlorine in water is a bad idea:

.........................................................................................................................................

.........................................................................................................................................

Characteristic reactions of halide ions

(g) describe the precipitation reactions, including ionic equations, of the aqueous anions Cl–, Br– and I– with aqueous silver ions, followed by aqueous ammonia;

Ionic equation for reaction taking place when silver nitrate is added to a solution containing chloride ions:







........................................................................

Observation:




........................................................................

Observation after adding dilute ammonia:
........................................................................

Observation after adding concentrated ammonia: .......................................................................

Ionic equation for reaction taking place when silver nitrate is added to a solution containing bromide ions:







........................................................................

Observation:




........................................................................

Observation after adding dilute ammonia:
........................................................................

Observation after adding concentrated ammonia: .......................................................................

Ionic equation for reaction taking place when silver nitrate is added to a solution containing iodide ions:







........................................................................

Observation:




........................................................................

Observation after adding dilute ammonia:
........................................................................

Observation after adding concentrated ammonia: .......................................................................

(h) describe the use of the precipitation reactions in (g) as a test for different halide ions.

	Ion
	Test
	Observation

	Cl-
	
	

	Br-
	
	

	I-
	
	


