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Topic 1: Atomic Structure and the Periodic Table

24.	understand periodicity in terms of a repeating pattern across different periods
25.	understand reasons for the trends in the following properties of the elements from periods 2 and 3 of the Periodic Table:
	i.	the melting and boiling temperatures of the elements, based on given data, in terms
		of structure and bonding
	ii.	ionisation energy based on given data or recall of the plots of ionisation energy
versus atomic number
26.	be able to illustrate periodicity using data, including electronic configurations, atomic radii, melting and boiling temperatures and first ionisation energies

Topic 2B: Structure

26.	be able to predict the type of structure and bonding present in a substance from numerical data and/or other information
27. be able to predict the physical properties of a substance, including melting and boiling temperature, electrical conductivity and solubility in water, in terms of:
	i.	the types of particle present (atoms, molecules, ions, electrons)
	ii.	the structure of the substance
	iii.	the type of bonding and the presence of intermolecular forces, where relevant.
[image: ]

Chemistry Department	Periodic properties	Godalming College



0
FVK/HGB/EML2015
Periodic table

This pack follows on from ideas introduced in Atomic and Electron structure.  It also links ideas of structure and bonding to physical properties of the elements.

[image: New Reference]
Refer to:-	Facer AS Chemistry Chapter 5

Factsheets – on Godalming online – most relevant are in bold

	06
	Structure of Elements and Compounds

	12
	Periodicity – Trends in Period 3

	69
	Revision Summary: Trends in the Periodic Table 1

	71
	Revision Summary: Electronegativity, Ionisation Energies & Electron Affinities


[image: MCj04247820000[1]]

Websites 
http://www.s-cool.co.uk/a-level/chemistry/periodicity
A brief outline looking at data across period 3

http://www.docbrown.info/page07/ASA2eledata20.htm 
An excellent section looking at the periodic patterns and further on some data graph pages which show graphs of the various properties.

http://www.chemguide.co.uk/inorganic/period3/elementsphys.html#top
This page describes and explains the trends in atomic and physical properties of the Period 3 elements from sodium to argon. It covers ionisation energy, atomic radius, electronegativity, electrical conductivity, melting point and boiling point.

http://www.chemguide.co.uk/atoms/structures/giantcov.html
Instructions on how to draw diamond (and silicon)

http://www.drbateman.net/asa2sums/sum1.4/sum1.4.htm
A brief tutorial on the periodic table which considers the order and electronic configuration of elements, and trends in physical properties in period 3 (sodium to argon) in terms of structure and bonding

http://www.open.ac.uk/openlearn/science-maths-technology/science/chemistry/elements-the-periodic-table
The open university interactive periodic table 



Extension 	A new kind of alchemy
[image: Worksheet]For information on how the elements were formed see video Atom 3 
and Origin of chemical elements

What are Periodic Properties?
Periodic properties are properties which show a gradual change (trend) across a period which repeats from period to period.  It is due to this repeating pattern from left to right that the table is known as the periodic table.  The repeating pattern is known as periodicity.



Electron structure and the periodic table
Write out the (abbreviated) electronic structure for the Group I and Group II elements:-
		Li = [He] 2s1		Be = [He] 2s2
		Na = [Ne]3s1		Mg =  [Ne]3s2
		K = [Ar] 4s1		Ca = [Ar] 4s2
Why are these elements all called ‘s block’ elements? group I have one electron in their outer s orbital, group II have two electrons in their outer s orbital.
Below is an outline of the periodic table.  Compare this with your coloured laminated copy.
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s blockMetals

Shade in the s block and label it
By considering the feature of electronic structure that these share, define an s block element.
Outermost, highest energy electron is in s-orbital
What feature of ionisation energies do they have in common? Low Hi
How does this influence the way in which they react? Very reactive, one or two electrons easily lost forming cations of +1 or +2 charge  ionic bonding
p block.	ns2 npx  	where x = 1-6	
Shade in this block using a different colour and label it.  Define a p block element.
Highest energy electron is in a p-orbital
Do all the p block elements form the same type of bond (like s block)? No
Explain:
Metals bottom left to metalloids lose electrons forming cations and hence ionic compounds.
Non-metals top right form covalent compounds or gain electrons and from anions  ionic compounds 
d block	(n -1)dxns2	where x = 1-10
Shade this block in using a third colour and label it.  (These include the transition metals.)
Electrons are being added to the penultimate 3d subshells.  Further from the nucleus but in a subshell of a lower energy level are a pair of 4s electrons.  Therefore, a d block element has its highest energy electrons in a ‘d’ type orbital.

Periodicity and Atomic Radii
[image: MCj04247820000[1]]A quiz on the periodic table
An explanation of atomic and ionic radii

Atomic Radius is can be measured in a number of ways.  These all show similar trends.  The trends in atomic radii depend on:-
· [image: New exercise]the nuclear charge
· the distance of the outer electrons from the nucleus
· the shielding effect of full inner electron shells upon the outer shell.

Comment on the trend:-
	Across a period Decreases
	Explain your answer Nuclear charge increases by one with each additional proton
	Increasing number of electrons are all in the same shell, shielding is constant.
	Electrons are attracted more strongly to the nucleus and pulled in closer
	Down a group Increases
	Explain your answer With successive periods electrons are in higher energy levels further from the nucleus.  Although there are more protons,
	there is also increased screening / shielding by additional complete inner shells
Bonding
Bonding is due to an alteration in electron distribution
Metallic bonding is defined as 
the electrostatic attraction of metal cations to the delocalised sea of electrons




Metal atoms have … low ….. first ionization energies so normally lose electrons when reacting.
Explain why the resulting positive cations have a smaller radius than the original atom.
Remaining electrons have a greater share of the positive nuclear charge so are held more strongly + pulled closer (remaining electrons are less repelled by each other).
Ionic bonding is defined as the electrostatic attraction of oppositely charged ions



Non-metal atoms have… high.. first ionization energies so normally share or gain electrons
Explain why the resulting anions have a larger radius than the original atom.

The added electron introduces more electron-electron repulsion.
Covalent bonding is defined as the electrostatic attraction between the nuclei and the bonding pairs of electrons 




Video 5428 Chemistry a volatile history 48.07-57.25 
[image: Worksheet]
Worksheets Patterns in periodic table 1/ 2 / 3    The periodic table

Within your syllabus there are two trends that you need to describe and explain in the periodic table. 
[image: New exercise]The first of these is:- 
Periodicity and First ionisation energy.
Periodicity is defined as:
a repeating pattern across successive periods of the periodic table





The first ionization energy of an element (Hi) is defined as: The energy required to 
remove one mole of electrons from one mole of gaseous atoms
to form one mole of gaseous ions each with a +1 charge.
Equation (example) 	Na(g)			Na+(g)		+	e-









The size of the first ionisation energy of an atom is determined by three atomic properties:-
1) The distance of the outermost electron from the nucleus
2) The size of the total positive charge of the protons in the nucleus
3) The shielding effect of the electrons in the inner shells
Explain how each of these factors influences the magnitude of the first ionisation energy:-
The size of the positive nuclear charge 
Greater positive charge means more energy is needed to remove an electron because there is stronger attraction. 
The distance of the outermost electron from the nucleus 
Less additional energy is needed to remove electrons in the higher energy levels further from nucleus.

The shielding effect by electrons in the full inner shells 
Less energy is required to remove an electron shielded from the nuclear charge
What is the general trend in 1st ionisation energies across period 2 and across period 3? increases
Does 1st ionisation energy show periodicity? Yes
Explain why you think this: As you pass along the period, the nuclear charge increases by one, the shielding within a period is constant. Thus outer electrons are held closer so the ionisation energy increases.  This repeats with successive periods with one more complete inner shielding.
Discontinuities between Gps 2 and 3 and between Gps.5 and 6 are due to the subshells occupied by electrons which follow a similar pattern for each period.
Describe and explain the relationship between atomic radius and 1st ionisation energy.
The larger the radius, the lower the ionization energy.
The outer electron will be less attracted to the pull of the nucleus, it is in a higher energy shell requiring less additional energy to remove it.
[image: MCj04247820000[1]]
Try this online periodic properties game
The second trend you need to state and explain is the change in melting temperature of the elements. This is based on a very limited understanding of intermolecular forces which will be studied in more depth in Unit 2.


Periodicity and melting temperatures

The melting temperature of an element depends on both its structure and the type of bonding between its atoms. In metals, the bonding between atoms is strong (see Metallic bonding pack) so their melting temperatures are fairly high.

Therefore, the melting points rise from group 1 to 2 to 3 as the number of delocalised electrons increase.  In group 4 the elements carbon and silicon have giant covalent structures (see Covalent bonding pack). These structures have highly directional bonds, so most of the bonds need to break before the solid melts. This means that they have very high melting points

The non metals in groups 5, 6, 7 all form simple molecules, group 0 remain as single atoms. They are held together by weak intermolecular forces (you will study these in Unit 2), so they have low melting points. 

Here are the melting points for the elements of period 2 and 3.

	Element
	Li
	Be
	B
	C
	N
	O
	F
	Ne

	M.Pt./oC
	180
	1278
	2300
	3500
	-210
	-218
	-220
	-249

	

	Element
	Na
	Mg
	Al
	Si
	P
	S
	Cl
	Ar

	M.Pt./oC
	98
	639
	660
	1410
	44
	113
	-101
	-189


[image: Laptop]
Plot a graph of atomic number (x axis) against melting point (y axis).
Using your graph, state and explain:-
The pattern of melting points from Na to Al More electrons are delocalised Na(1)  Mg(2)  Al(3) and charge increases Na+  Mg2+  Al3+.
Cationic radius decreases so electrostatic attraction of cations to delocalised electrons increases requiring more energy to be overcome

Why has Si the highest melting point in period 3? Breaking 4 covalent Si-Si bonds requires a lot of energy 
The pattern of melting points from P to Ar. All are low, to melt weak intermolecular forces need to be overcome.  Slight decrease due to number of atoms in the molecule.  See Unit 2 for further explanation.
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[image: New Reference][image: MCj04247820000[1]]Trends in physical properties and bonding across period 3

[image: New exercise]Ref 	Facer p26 - 27
http://www.docbrown.info/page07/ASA2eledata20.htm
Data may be found on your coloured periodic table.

	Element


	Sodium
	Magnesium
	Aluminium
	Silicon
	Phosphorus
(white)
	Sulphur
	Chlorine
	Argon

	Type of bonding/
structure
	Metallic
	Covalent
	X

	Diagram of atom arrangement


	Giant regular lattice structure of cations and delocalised electrons
	[image: Silicon structure]
	[image: Phosphorus,white structure]
	[image: Sulphur structure]
	[image: Chlorine structure]
	[image: Argon structure]

	State at room temp

	Solid
	Solid
	Solid
	Solid
	Solid
	Solid
	Gas
	Gas

	Hi
kJ mol-1

	494
	736
	577
	786
	1060
	1000
	1260
	1520

	

M.Pt.
(oC)
	
98
Fairly LOW
	
650

	660

	
1410
HIGH
	44

	113

	-101

	-189
Very LOW


Do not learn numerical detail – just patterns and trends
A periodic property is defined as:-
Repeating pattern of particular properties that are associated with atomic number




Trends across period 2		again data may be found:-
[image: New exercise]http://www.docbrown.info/page07/ASA2eledata20.htm	or on your coloured periodic table.

	Element


	Lithium
	Beryllium
	Boron
	Carbon
	Nitrogen
	Oxygen
	Fluorine
	Neon

	Type of bonding/
structure
	Metallic
	Covalent
	X

	Diagram of atom arrangement


	Giant regular lattice structure of cations and delocalised electrons
	Covalent giant structure
	[image: Silicon structure]
	[image: Chlorine structure]
	[image: Chlorine structure]
	[image: Chlorine structure]
	[image: Argon structure]

	State at room temp

	solid
	solid
	solid
	solid
	gas
	gas
	gas
	gas

	Hi
kJ mol-1

	513
	900
	801
	1086
	1402
	1314
	1681
	2081

	

M.Pt.
(oC)
	
180
LOW

	1278

	2300

	3650
HIGH
	-210
Very
LOW
	-219
Very
LOW
	-219
Very
LOW
	-249
Very
LOW



Comment on similarities to Period 3 Similar general trends of bonding, structure, state, Hi and M.Pt and B.Pt., 
Are there any differences to Period 3?  What are they and can you suggest why there are differences?
Smaller radius, so Higher Hi higher and less metallic character; so Boron = metalloid. 
Also higher M.Pt. of giant structures but molecules are diatomic gases...…..

[image: MCj04247820000[1]]Trends in Period 3
Download or read the article online Trends in period 3
[image: New exercise]Note that this article takes you a little further than you need for Unit 1 as it also includes material for Unit 2 AS Chemistry.
However, you need to be able to answer the following questions:-

1) Describe the change in metallic character from left to right across the Periodic table.
Metallic character decreases as ability to delocalise electrons decreases. Groups 1 and 2 are metals, group 3 metals and metalloids and groups 7 and 6 are non metals.
This reflects the ability of the atom to delocalise its outer electrons	(2)
2) Why is there a general increase in ionisation energy across a period?
Each successive element has one more proton so increased electrostatic attractions of the electrons to the nucleus, decrease in atomic radius.  
So more energy is required to remove an electron					          (3)
3) Why is the first ionisation energy of sulfur less than that of phosphorus?
S =1s22s22p63s23p4, pair of p electrons repel one another so easier to remove one.
P =1s22s22p63s23p3, three unpaired p electrons are more stable			          (2)
4) Describe the trend in atomic radii across a period.
General decrease									          (1)
5) Why do elements show this trend?
Nuclear charge increases but electrons are still in the same outer shell with the same shielding so are attracted more strongly.						          (2)
6) Describe the bonding in sodium, magnesium and aluminium.  Why does magnesium have a higher melting point than Na?
Electrostatic attraction of positive metal cations for the delocalised electrons.  Sodium delocalises 1e- , magnesium 2e-.  Charge increases and radius decreases as Na+ > Mg2+ > so stronger electrostatic attraction will require more energy to overcome.      (3)
7) Why is the melting point of silicon so high?
Large amount of energy needed to break the four covalent bonds holding the silicon atoms in the giant structure.								          (3)
TOTAL = 16 marks











GCSE questions 
1. A substance made of only one type of atom is called an element.
The chemical symbols and positions of six elements in the periodic table are shown.
[image: http://content.doublestruck.eu/getPicture.asp?sub=AG_CHEM&CT=Q&org=78cebe262136aeef05e1bc750e4f0c88&folder=QSP1F01_files&file=image001.png]
Draw a straight line from each description to its correct symbol.
 
	Description
	 
	Symbol

	 
	 
	Al

	A metal with a low density that does not corrode easily
	 
	 

	 
	 
	Fe

	It has properties similar to those of sodium, Na
	 
	 

	 
	 
	He

	It is a transition metal
	 
	 

	 
	 
	Li

	It is a noble gas
	
	 

	 
	
	O


(Total 4 marks)
2. Use the Periodic Table to help you to answer this question.
(a)	State one similarity and one difference in the electronic structure of the elements:
(i)	across the Period from sodium to argon;
same number of shells/2 full shells/3 shells/same number of energy levels
any 1 for 1 mark
increasing number of electrons/different number of electrons/ number of electrons same as group number
(if electrons not specifically mentioned assume they are referring to electrons)
any 1 for 1 mark									(2)
(ii)	down Group 7 from fluorine to astatine.
all have 7 electrons in outer shell/same number in outer shell/ each has one electron missing from outer shell each can accept one electron
any 1 for 1 mark
number of shells/energy levels increases increasing number of electrons 
any 1 for 1 mark									(2)
Do not write in the margin







 (b)	Hydrogen is an element which is difficult to fit into a suitable position in the Periodic Table. Give reasons why hydrogen could be placed in either Group 1 or Group 7.
H+ or has positive ions/one electron in outer shell/can lose one electron/H+ ions discharged at negative electrode (max 2)
covalent bonds or compounds/forms diatomic mols. or example/ ability to form H- ions/non-conductor/ low Mt.Pt or low B.P. (max 2)
(overall max 3)
(3)
(Total 7 marks)
3.	Fluorine is a very useful element. It is placed in group 7 of the Periodic Table.
	Use your knowledge of the elements in group 7 to help you answer these questions.
(a) Name another element in group 7 of the Periodic Table.
any (must be named)
(1)
(b)	Cylinders filled with fluorine molecules are commercially available. What would you expect the formula of a fluorine molecule to be?
F2.
(1)
(c)	Fluoride ions are added to drinking water to help prevent tooth decay. What is the charge on fluoride ions in the water?
–/F–
(1)
(d)	Fluorine reacts with the non-metal sulphur to make sulphur hexafluoride (SF6).
(i)	What type of bonding would you expect in sulphur hexafluoride?
covalent.
(1)
(ii)	Explain the reason for your answer to part (i).
made of molecules etc.type of bonding when non-metals react..
(1)
(Total 5 marks)

Do not write in the margin
















































AS Level Questions 
1.	Which of these statements is incorrect?
A	The atomic radius of metals increases down a Group.
B	The trend in the melting temperature of successive elements across Period 2 is similar to that in Period 3.
C	A metallic structure is held together by attractions between metal atoms and 	delocalized electrons.
D	Na+ and O2– ions are isoelectronic.
(Total 1 mark)
2.	Going across Group 1 from sodium to aluminium
A	the melting temperature increases.
B	the radius of the atom increases.
C	the radius of the metal ion increases.
D	the bonding in the element changes from metallic to covalent.
(Total 1 mark)
3. Going down Group 1 from lithium to rubidium
A	the radius of the atom decreases.
B	the radius of the ion decreases.
C	the first ionization energy decreases.
D	the polarizing power of the ion increases.
(Total 1 mark)
4.	Which pair of atomic numbers represents elements which are both in the p-block of the Periodic Table?
A	4, 8
B	6, 12
C	8, 16
D	10, 20
(Total 1 mark)

Do not write in the margin
S10 1 07
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5.	The graph shows the variation in melting temperatures of the elements across Period 3 
(Na to Ar) of the Periodic Table.
[image: ]













(a)	Complete the table below to show the type of structure and bonding for the elements shown.
	Element
	Structure
	Bonding

	sodium
	Giant
	metallic

	silicon
	Giant (atomic)/ macromolecular/ giant molecular
	covalent

	sulfur
	simple / small molecules  
OR  (simple) molecular
  OR S8 molecules
	covalent or van der Waals’ forces/ London forces/ intermolecular forces/dispersion forces/induced-dipole forces


	IGNORE the word “lattice” OR “crystalline” 	(3)
(b)	Explain why silicon has a much higher melting temperature than sulfur.
	Si : covalent bonds / many bonds/ strong bonds (between atoms) (1)
	S : weak forces /van der Waals’ forces/London forces/dispersion forces/intermolecular forces/induced-dipole forces (1)
(need to be overcome)
Reject any reference to intermolecular forces in Si
Or suggestion that covalent bonds are broken
(2)
 
Do not write in the margin
S09 1 23



















(c)	Explain why the melting temperature increases from sodium to aluminium.
QWC Cations/ions decrease in size (from Na+ to Al3+)
OR
	charge increases/charge density on (cat)ions increases/ “effective nuclear charge” increases (from Na+ to Al3+) (1)
	more e– (per atom in ‘sea’ of delocalized electrons) / more delocalized electrons
OR
	(force of) attraction between (cat)ions/nucleus and (delocalised) electrons increases (from Na to Al) (1)
IGNORE “nuclear charge increases”/ “increasing no. of protons” atoms decrease in size
any mention of “molecules”/ “covalent bonds”/ “van der Waals’ forces”/ “ionic bonds” (0) overall
(2)
(d)	Magnesium forms the basic oxide magnesium oxide, MgO. This oxide is almost insoluble in water. On gentle warming with dilute sulfuric acid, magnesium oxide reacts to form aqueous magnesium sulfate solution.
(i)	Describe how you would use the above reaction to prepare a pure sample of magnesium sulfate.
		Add MgO to acid/react MgO with acid/dissolve MgO in acid (1)
[NOTE: mention of heating not required. IGNORE water bath/reflux]
•	Filter (1)
•	Heat/boil filtrate /MgSO4 solution (until volume reduced
by half) (1)
•	Leave to cool/leave to crystallise/evaporate slowly/leave
to evaporate (1)
(decant / filter / pick out crystals, then)
	Leave to dry/pat dry/dry between filter papers/put in an oven/put in a desiccator/dry the crystals (1)
IGNORE any washing of crystals immediately prior to drying them
Just “warm” the filtrate/MgSO4 solution
Use of a desiccant (added to crystals)
(5)
(ii)	Suggest what action should be taken if a pupil spilt a small quantity of dilute sulfuric acid on a laboratory bench.
Rinse with (plenty of) water /use a damp cloth or damp (paper) towel /
add a (named) weak alkali (e.g. solid or aqueous sodium
hydrogencarbonate)	1
Reject Any named strong alkali/just “strong alkali”

(1)

Do not write in the margin












































 (e)	The data in the table below will be useful when answering this question.

	Soluble in water
	Insoluble in water

	MgSO4
	MgCO3
SrCO3
SrSO4


	Magnesium carbonate reacts with dilute sulfuric acid.
		MgCO3(s) + H2SO4(aq) → MgSO4(aq) + CO2(g) + H2O(l)
(i)	Explain why the reaction between strontium carbonate and dilute sulfuric acid stops after a few seconds.
Insoluble strontium sulfate/insoluble SrSO4
(forms on the strontium carbonate)
(1)
(ii)	Strontium sulfate is produced when aqueous sodium sulfate is added to aqueous strontium chloride.
	Give the ionic equation for the reaction, including state symbols.
Sr2+(aq) + SO42– (aq) → SrSO4(s) species (1) state symbols (1)
2nd mark is cq on first mark
Sr2+(aq) + 2Cl–(aq) + 2Na+(aq) + SO42–(aq) → SrSO4(s) + 2Cl–(aq) + 2Na+(aq)
	scores (1)
	SrCl2(aq) + Na2SO4(aq) [image: ] SrSO4(s) + 2NaCl(aq)
	scores (1)
 (2)
(Total 16 marks)

Do not write in the margin
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