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3.1.1 The Periodic Table

Structure of the Periodic Table

The perio dic table  is a list o f all kno wn elements arranged in o rder o f increasing ato mic number,

fro m 1 to  118.

In additio n to  this, the elements are arranged in such a way that ato ms with the same number o f

shells are placed to gether, and ato ms with similar electro nic co n�guratio ns in the o uter shell are

also  placed to gether. This is achieved as fo llo ws:

The elements are arranged in ro ws and co lumns.

Elements with o ne  shell are placed in the �rst ro w (i.e. H and He)

Elements with two  shells are placed in the seco nd ro w (Li to  Ne) and so  o n.

A ro w o f elements thus arranged is called a perio d. The perio d number, n, is the o uter energy level

that is o ccupied by electro ns.

In additio n, the elements are aligned vertically (in co lumns) with o ther elements in di�erent ro ws,

if they share a similar o uter-shell electro nic co n�guratio n

The o uter electro ns are kno wn as the valence  electro ns.

A co lumn o f elements thus arranged is called a gro up
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Since the electro nic co n�guratio ns o f H and He  are unusual, they do  no t �t co mfo rtably into  any

gro up. They are thus allo cated a gro up based o n similarities in physical and chemical pro perties

with o ther members o f the gro up

He  is placed in gro up 0 o n this basis, but hydro gen do es no t behave like any o ther element and

so  is placed in a gro up o f its o wn
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T he blo cks o f  the perio dic table

All elements belo ng to  o ne o f f o ur main blo cks: the s-blo ck, the p-blo ck, the d-blo ck and the f-

blo ck

T he s-blo ck elements are all tho se with o nly s electro ns in the o uter shell

T he p-blo ck elements are all tho se with at least o ne p-electro n in the o uter shell

T he d-blo ck elements are all tho se with at least o ne d-electro n and at least o ne s-

electro n but no  f  o r p electro ns in the o uter shell (up to  5d)

T he f -blo ck elements are all tho se with at least o ne f -electro n and at least o ne s-electro n

but no  d o r p electro ns in the o uter shell

The physical and chemical pro perties o f elements in the perio dic table sho w clear patterns

related to  the po sitio n o f each element in the table

Elements in the same gro up sho w similar pro perties, and pro perties change gradually as yo u

go  acro ss a perio d

As ato mic number increases, the pro perties o f the elements sho w trends which repeat

themselves in each perio d o f the perio dic table

These trends are kno wn as perio dic trends  and the study o f these trends in kno wn as

perio dicity
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Deducing Electron Con�gurations

The electro n co n�guratio n o f any element can be deduced fro m its po sitio n in the perio dic table

It is like an 'address' that tells yo u exactly where an element is fo und

Using the element germanium as an example to  illustrate ho w it wo rks:

Deducing the electron con�guration of germanium

Germanium is in p blo ck, in gro up 4  (using the simplify numbering system) and the seco nd

element acro ss in perio d 4

Gro up 4 tells yo u there are f o ur valence electro ns  and perio d 4 tells yo u the valence electro ns

are in the f o urth shell

The seco nd  po sitio n in p blo ck tell yo u that two  electro ns are in the p subshell

Similarly, yo u can deduce the po sitio n o f an element in the perio dic table fro m its electro n

co n�guratio n:

Deducing information from the electron con�guration of chlorine
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Test yo ur understanding in the fo llo wing example:

Worked example

Element Z is in perio d 4 and gro up 5 o f the perio dic table. Which statement is co rrect?

   A.  Z  has 5 o ccupied energy levels.

B.  Z  can fo rm io ns with 3– charge.

 C.  Z is a transitio n element.

D.  Z  has 4 valence electro ns.

Answer:

The co rrect o ptio n is B. A gro up 5 element co uld fo rm a 3− io n

It canno t be A because 5 o ccupied energy levels wo uld place it in perio d 5

Transitio n elements wo uld no t be fo und in gro up 5, so  C  is also  inco rrect

4 valence electro ns wo uld match an element in gro up 4, so  D must be wro ng
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3.1.2 Periodic Trends: Physical - Atomic & Ionic Radius

Atomic & Ionic Radius

At omic radius

The ato mic radius  o f an element is a measure o f the siz e o f an ato m

It is the distance between the nucleus o f an ato m and the o utermo st electro n shell

It can be quite hard to  determine exactly where the bo undary o f an ato m lies, so  a variety o f

appro ches are taken such as half the mean distance between two  adjacent ato ms

This will vary depending o n the type o f structure and bo nding, but it gives a co mparative value fo r

ato ms

The atomic radius of an atom is the typical distance between the nucleus and the outermost electron shell

Ato mic radii sho w predictable patterns acro ss the perio dic table

They generally decrease  acro ss each perio d

They generally increase do wn each gro up

These trends can be explained by the electro n shell theo ry

Ato mic radii decrease as yo u mo ve acro ss a perio d as the ato mic number increases

(increased po sitive nuclear charge) but at the same time extra electro ns are added to  the
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same principal quantum shell

The larger the nuclear charge, the greater the pull o f the nuclei o n the electro ns which results

in smaller ato ms

Ato mic radii increase mo ving do wn a gro up as there is an increased number o f shells go ing

do wn the gro up

The electro ns in the inner shells  repel the electro ns in the o utermo st shells, shielding them

fro m the po sitive nuclear charge

This weakens the pull o f the nuclei o n the electro ns resulting in larger ato ms

Trends in the atomic radii across a period and down a group
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The diagram sho ws that the ato mic radius increases sharply between the no ble gas  at the end o f

each perio d and the alkali metal at the beginning o f the next perio d

This is because the alkali metals at the beginning o f the next perio d have o ne extra principal

quantum shell

This increases shielding o f the o utermo st electro ns and therefo re increases the ato mic

radius

Ionic radius

The io nic radius  o f an element is a measure o f the siz e o f an io n

Io nic radii sho w predictable patterns

The trend do wn a gro up is the same as ato mic radius - it increases as the number o f shells

increases

The trend acro ss a perio d is no t so  straightfo rward as it depends o n whether it is po sitive o r

negative io ns being co nsidered

Io nic radii increase  with increasing negative charge

Io nic radii decrease with increasing po sitive charge

These trends can also  be explained by the electro n shell theo ry

Io ns with negative  charges are fo rmed by ato ms accepting extra electro ns while the nuclear

charge  remains the same

The extra electro ns experience repulsio n with the o ther valence electro ns which increases

the io nic radius

The greater the negative charge, the larger the io nic radius

Po sitively charged io ns are fo rmed by ato ms lo sing electro ns

The nuclear charge remains the same but there are no w fewer electro ns which undergo  a

greater electro static f o rce o f  attractio n to wards the nucleus which decreases the io nic

radius

The greater the po sitive charge, the smaller the io nic radius
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Trends in the ionic radii across a period and down a group
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Worked example

Which o ptio n sho ws ato ms in o rder o f decreasing ato mic radius?

A. N > C > Be > Mg

B. Mg > N > C > Be

C. Be > C > N > Mg

D. Mg > Be > C > N

Answer:

Optio n D is the co rrect answer

First, yo u need to  identify that Be, C and N are all in perio d 2, but Mg is in perio d 3, so  Mg will

have the biggest radius.

Seco ndly, ato mic radius decreases acro ss the perio d so  Be, C and N decrease in that o rder

as they belo ng to  gro ups 2, 14 and 15, respectively

3.1.3 Periodic Trends: Physical - Ionisation Energy

First Ionisation Energy

The io nisatio n energy  (IE) o f an element is the amo unt o f energy required to  remo ve o ne mo le o f

electro ns fro m o ne mo le  o f ato ms o f an element in the gaseo us state to  fo rm o ne mo le o f

gaseo us io ns

Io nisatio n energies are measured under standard co nditio ns which are 298 K and 100 kPa

The units o f IE are kilo jo ules per mo le  (kJ mo l )

The �rst io nisatio n energy  is the energy required to  remo ve the o ne mo le o f electro ns fro m o ne

mo le the gaseo us ato ms

E.g. the �rst io nisatio n energy o f calcium:

Ca(g) → Ca  (g) + e 1st   ∆H I.E. = +590 kJ mo l

-1

+ -            -1
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Ionisation Energies: Trends

Io nisatio n energies sho w perio dicity

As co uld be expected fro m their electro nic co n�guratio n, the gro up I metals sho w lo w IE

whereas the no ble gases have very high IEs

The �rst io nisatio n energy increases  acro ss a perio d and decreases  do wn a gro up and is caused

by f o ur f acto rs that in�uence the io nisatio n energy:

Siz e o f  the nuclear charge: the nuclear charge increases with increasing ato mic number,

which means that there are greater attractive f o rces  between the nucleus and o uter

electro ns, so  mo re energy is required to  o verco me these attractive fo rces when remo ving an

electro n

Distance o f  o uter electro ns f ro m the nucleus: electro ns in shells that are further away fro m

the nucleus are less attracted to  the nucleus so  the further the o uter electro n shell is fro m the

nucleus, the lo wer the io nisatio n energy

Shielding e�ect o f  inner electro ns: the shielding e�ect is when the electro ns in full inner

shells repel electro ns in o uter shells preventing them to  feel the f ull nuclear charge  so  the

greater the shielding o f o uter electro ns by inner electro n shells, the lo wer the io nisatio n

energy

Spin-pair repulsio n: paired electro ns in the same ato mic o rbital in a subshell repel each o ther

mo re than electro ns in di�erent ato mic o rbitals; this makes it easier to  remo ve an electro n

(which is why the �rst io niz atio n energy is always the lo west)

A graph showing the ionisation energies of the elements hydrogen to sodium
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Ionisat ion energy across a period

The io nisatio n energy acro ss a perio d increases due to  the fo llo wing facto rs:

Acro ss a perio d the nuclear charge increases

The distance between the nucleus and o uter electro n remains reaso nably co nstant

The shielding by inner shell electro ns remains the same

There is a rapid decrease in io nisatio n energy between the last  element in o ne perio d and the

�rst  element in the next perio d caused by:

The increased distance  between the nucleus and the o uter electro ns

The increased shielding by inner electro ns

These two  facto rs o utweigh the increased nuclear charge

There is a slight decrease in 1st I.E. between beryllium and bo ro n as the �fth electro n in bo ro n is in

the 2p subshell which is further away fro m the nucleus than the 2s subshell o f beryllium

Beryllium has a �rst io nisatio n energy o f 900 kJ mo l  as its electro n co n�guratio n is 1s  2s

Bo ro n has a �rst io nisatio n energy o f 801 kJ mo l  as its electro n co n�guratio n is 1s  2s  2p

There is a slight decrease in 1st I.E. between nitro gen and  o xygen due to  spin-pair repulsio n in

the 2p subshell o f o xygen

Nitro gen has a �rst io nisatio n energy o f 14 02 kJ mo l  as its electro n co n�guratio n is 1s  2s

2p

Oxygen has a �rst io nisatio n energy o f 1314  kJ mo l  as its electro n co n�guratio n is 1s  2s

2p

Ionisat ion energy down a group

Altho ugh go ing do wn a gro up the nuclear charge increases, the io nisatio n energy do wn a gro up

decreases and it is due to  the fo llo wing facto rs:

The distance between the nucleus and o uter electro n increases

The shielding by inner shell electro ns increases

The e�ective nuclear charge  is decreasing as shielding increases

Io nisatio n Energy Trends acro ss a Perio d & go ing do wn a Gro up Table

-1 2 2

-1 2 2 1

-1 2 2

3

-1 2 2

4
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Successive ionisat ion energies of  an element

The successive  io nisatio n energies o f an element increase  as remo ving an electro n fro m a

po sitive  io n is mo re di�cult than fro m a neutral ato m

As mo re electro ns are remo ved the attractive fo rces increase due to  decreasing shielding and

an increase in the pro to n to  electro n ratio

The increase in io nisatio n energy, ho wever, is no t co nstant and is dependent o n the ato m's

electro nic co n�guratio n

Taking calcium as an example:

Io nisatio n Energies o f  Calcium Table
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The values beco me very large and di�cult to  represent meaningfully, so  it is mo re co nvenient to

sho w the lo garithm o f the io nisatio n energies

This helps us to  see signi�cant jumps in I.E.

Successive ionisation energies for the element calcium

The �rst  electro n remo ved has a lo w io nisatio n energy as it is easily remo ved fro m the ato m due

to  the spin-pair repulsio n o f the electro ns in the 4s o rbital
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The seco nd  electro n is a little mo re di�cult to  remo ve than the �rst electro n as yo u are remo ving

an electro n fro m a po sitively charged io n

The third electro n is much mo re di�cult to  remo ve than the seco nd o ne co rrespo nding to  the

fact that the third electro n is in a principal quantum shell which is clo ser to  the nucleus (3p)

The graph sho ws there is a large increase in successive io nisatio n energy as the electro ns are

being remo ved fro m an increasingly po sitive io n

The big jumps o n the graph sho w the change o f shell and the small jumps are the change o f

subshell

Exam T ip

Be careful with ho w yo u interpret successive io nisatio n energy graphs as it is co mmo n fo r

students to  read them the wro ng way aro und and co unt o uter electro ns fro m right to  left instead

o f left to  right so  they get the jumps in the wro ng place. This happens particularly when yo u are

given o nly a partial successive io nisatio n energy graph and have to  deduce which gro up the

element co mes fro m.It's a go o d idea if yo u see an io nisatio n energy graph in an exam questio n to

label the shells and subshells so  yo u are less likely to  make this mistake!
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3.1.4 Periodic Trends: Physical - Electron A�nity

Electron A�nity

When ato ms gain electro ns they beco me negative io ns o r anio ns

Electro n a�nity (EA) can be tho ught o f as the o ppo site pro cess o f io nisatio n energy and is

de�ned as

The amo unt o f energy released when o ne mo le o f electro ns is gained by o ne mo le  o f ato ms

o f an element in the gaseo us state to  fo rm o ne mo le o f gaseo us io ns

Electro n a�nities are measured under standard co nditio ns which are 298 K and 100 kPa

The units o f EA are kilo jo ules per mo le  (kJ mo l )

The �rst electro n a�nity  is always exo thermic

E.g. the �rst electro n a�nity o f chlo rine is:

Cl (g) + e → Cl (g)                 ∆H = - 349 kJ mo l

Ho wever, the seco nd electro n a�nity can be an endo thermic pro cess

O (g) + e → O (g)              ∆H = + 753 kJ mo l

This is due to  the fact that yo u are o verco ming repulsio n between the electro n and a negative io n,

so  energy is required making the pro cess endo thermic o verall

Trends in elect ron a� nit y

-1

- - -1

- - 2− -1
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Electron a�nities across a period

Electro n a�nities sho w perio dicity

The pattern is very similar to  io nisatio n energies, except that it is inverted and the minimum po ints

are displaced o ne element to  the right

As might be expected, the mo st exo thermic electro n a�nities are fo r gro up 17 elements which

also  have the highest electro negativities

The stro ngest pull o n electro ns co rrelates with the greater amo unt o f energy released when

negative io ns are fo rmed

No ble gases do  no t fo rm negative io ns, so  they do n't appear in this chart

The electro n a�nities reach a peak fo r gro up 2 and gro up 5 elements

Electron a�nities down a group

Electro n a�nities  generally decrease do wn a gro up

As the ato ms beco me larger the attractio n fo r an additio nal electro n is less, since the e�ective

nuclear charge  is reduced due to  increased shielding

Electro n a�nity beco me less exo thermic  go ing do wn the gro up

An exceptio n to  this is �uo rine who se electro n a�nity  is smaller than expected

This is because �uo rine is such a small ato m and an additio nal electro n in the 2p subshell

experiences co nsiderable repulsio n with the o ther valence electro ns
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3.1.5 Periodic Trends: Physical - Electronegativity

Electronegativity: De�nition

Electro negativity  is the ability o f an ato m to  attract a pair o f electro ns to wards itself in a

co valent bo nd

This pheno meno n arises fro m the po sitive  nucleus’s ability to  attract the negatively  charged

electro ns, in the o uter shells, to wards itself

The Pauling scale  is used to  assign a value o f electro negativity fo r each ato m

First three rows of the periodic table showing electronegativity values

Fluo rine is the mo st electro negative ato m o n the Perio dic Table, with a value o f 4.0 o n the Pauling

Scale

It is best at attracting electro n density to wards itself when co valently bo nded to  ano ther ato m
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Electron distribution in the C-F bond of �uoromethane
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Electronegativity: A�ecting Factors

Nuclear charge

Attractio n exists between the po sitively charged pro to ns  in the nucleus and negatively charged

electro ns  fo und in the energy levels o f an ato m

An increase  in the number o f pro to ns  leads to  an increase  in nuclear attractio n fo r the electro ns

in the o uter shells

Therefo re, an increased nuclear charge results in an increased electro negativity

As the nuclear charge increases, the electronegativity of an element increases as well

At omic radius

The ato mic radius  is the distance between the nucleus and electro ns in the o utermo st shell

Electro ns clo ser to  the nucleus are mo re stro ngly  attracted to wards its po sitive nucleus

Tho se electro ns f urther away  fro m the nucleus are less stro ngly attracted to wards the nucleus

Therefo re, an increased ato mic radius results in a decreased electro negativity

As the atomic radius increases, the nucleus has less of an attraction for the bonding electrons causing

atom A to have a higher electronegativity than atom B
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Electronegativity: Trends

Electro negativity  varies acro ss perio ds and do wn the gro ups o f the perio dic table

Down a group

There is a decrease  in electro negativity  go ing do wn the gro up

The nuclear charge increases  as mo re pro to ns are being added to  the nucleus

Ho wever, each element has an extra �lled electro n shell, which increases shielding

The additio n o f the extra shells increases the distance between the nucleus and the o uter

electro ns resulting in larger ato mic radii

Overall, there is decrease in attractio n between the nucleus and o uter bo nding electro ns

We say the e�ective nuclear charge  has decreased do wn the gro up

Electronegativity decreases going down the groups of the periodic table

Across a period

Electro negativity increases  acro ss a perio d

The nuclear charge increases  with the additio n o f pro to ns to  the nucleus

Shielding remains the same  acro ss the perio d as no  new shells are being added to  the ato ms
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The nucleus has an increasingly stro ng attractio n fo r the bo nding pair o f electro ns o f ato ms

acro ss the perio d

This results in smaller ato mic radii

Electronegativity increases going across the periods of the periodic table

Trends do wn a Gro up & acro ss a Perio d Table
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Exam T ip

Make sure yo u learn the de�nitio n o f electro negativity  and can distinguish it fro m electro n

a�nity  as the two  are o ften co nfused. Electro negativity  is abo ut chemical character and o nly

applies to  co nsideratio ns o f co valent bo nds whereas  electro n a�nity  is a thermo dynamic value

that is measurable and applies to  the fo rmatio n o f negative io ns.Yo u may co me acro ss

so mething called electro po sitivity  - this is a term used to  describe the character o f elements

to  fo rm po sitive io ns and is useful when talking abo ut metal ato ms and metal io ns
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3.1.6 Periodic Trends: Chemical

Metallic & Non-metallic

Perio dic trends can also  be seen in the typical pro perties o f metals and no n-metals which are

summarised belo w:

The typical properties of metals and non-metals

The typically pro perties o f metals and no n-metals can be explained by reference to  their trends in

ato mic radius, io nic radius, io nisatio n energy, electro n a�nity and electro negativity

The lo w io nisatio n energies  and lo w electro negativities  o f metals can acco unt fo r the ability o f

their valence electro ns  to  mo ve away fro m the nucleus

This is kno wn as 'delo calisatio n' o f the electro ns

These pro perties increase fro m left to  right as yo u transitio n fro m metal to  metallo id to  no n-

metal

The high electro negativity  and electro n a�nity  o f no n-metals can be related to  their tendency

to  share electro ns and fo rm co valent bo nds, either with themselves o r o ther no n-metal elements
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The similarities in electro negativities  o f the diago nal band o f metallo ids  which divides the

metals fro m the no n-metals explains the behavio ur o f metallo ids

Test yo urself o n the trends in the perio dic table:

Worked example

Which increase acro ss a perio d fro m left to  right?

Answer:

The co rrect o ptio n is D

Acro ss a perio d ato mic radius decreases, electro negativity and io nisatio n energy increase

and io nic radius increases then decreases
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