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12.1.1 Emission Spectra & First Ionisation Energy

Convergence Limits on an Emission Spectrum

Emission Spect ra

Electro ns mo ve rapidly aro und the nucleus in energy shells

Heat o r electricity can be used to  excite an electro n to  a higher main energy level

These range fro m n = 1 (gro und state) to  n = ∞
When the electro ns 'fall' back do wn they must lo se the energy di�erence between the two

energy levels. This lo ss o f energy is perfo rmed by releasing electro magnetic energy in the fo rm o f

infrared, visible light o r ultravio let radiatio n.

When the electro n falls back to  n = 1 (gro und state) the energy released is in the ultravio let regio n

o f the spectrum

This co rrespo nds to  the Lyman series

Promotion of an electron from the ground state (n=1) to n=2
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Electron jumps in the hydrogen spectrum

This gives evidence fo r Bo hr's mo del which is the idea that electro ns exist in discrete energy

levels so  an exact amo unt o f energy is required fo r an electro n to  'jump' an energy level, a little like

a ladder

There are ho wever limitatio ns to  this mo del

Assumes po sitio ns o f electro ns are �xed

Assumes energy levels are spherical in nature

Bo hr limited calculatio ns to  hydro gen o nly, so  do es no t explain the line spectra o f o ther

elements co ntaining mo re than o ne electro n

T he Limit  of  Convergence

As the line spectra is pro duced the lines will beco me clo ser to gether 

Where the lines appear to  meet is called the limit o f  co nvergence

The co nvergence limit is the frequency at which the spectral lines co nverge

The energy required fo r an electro n to  escape the ato m, o r reach the upper limit o f

co nvergence, is the io nisatio n energy
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The frequency o f the radiatio n in the emissio n spectrum at the limit o f co nvergence can be

used to  determine the �rst io nisatio n energy o r IE

In the Lyman series  fo r the hydro gen ato m (UV regio n), the frequency at the limit o f

co nvergence relates to  the energy given o ut when an electro n falls fro m n = ∞ to  n = 1

Fo r hydro gen, the lines co nverge to  a limit with a wavelength o f 91.16 nm o r 91.16 × 10 m

Lyman series (ultra-violet radiation) corresponds to transitions between higher shells and the ground

state (n=1)

1

−9 
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Calculating First Ionisation Energy

Calculat ing First  Ionisat ion Energy

When dealing with the Lyman series the largest transitio ns represent the fall fro m the in�nite level

to  n=1

In reverse, it can be co nsidered to  be equal to  the io nisatio n energy (no te that io nisatio n energy

is given per mo le o f ato ms)

Therefo re, the �rst io nisatio n energy (IE ) o f an ato m can be calculated using the frequency (o r

wavelength) o f the co nvergence limit

We can do  this by using the fo llo wing equatio ns

ΔE = h ν

c = ν λ

In o rder to  calculate �rst io nisatio n energy (IE ) we must �rst calculate the f requency using the

given data and rearranging:

c = ν λ

as

ν = c ÷ λ

Once we kno w the frequency, we can use this to  calculate the io nisatio n energy

Worked example

The co nvergence limit fo r the so dium ato m has a frequency o f 1.24 × 10 s . Calculate the �rst

io nisatio n energy o f so dium in kJ mo l .

Answer:

1

1

15 −1

−1
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Step 1: Write o ut the equatio n to  calculate the �rst io nisatio n energy (IE )

ΔE = h ν

Step 2: Substitute in numbers fro m questio n and data bo o klet to  give energy change per

ato m

          IE  = 6.63 × 10  × 1.24 × 10

          IE  = 8.22 × 10 J ato m

Step 3: Calculate the �rst io nisatio n energy per mo le by multiplying by Avo gadro 's co nstant

          IE  = 8.22 × 10  6.02 × 10

          IE  = 494 916 J mo l

Step 4 : Co nvert J mol to  kJ mol by dividing by 1000

          IE  = 4 95 kJ mo l

So  the �rst io nisatio n energy (IE ) o f so dium has been calculated as 4 95 kJ mol

Worked example

The co nvergence limit fo r the hydro gen ato m has a wavelength o f 91.16 nm. Calculate the

io nisatio n energy fo r hydro gen in kJ mol .

Answer:

Step 1: Calculate the frequency o f the co nvergence limit, co nverting wavelength into  m (nm

to  m = × 10 )

c = ν λ

          ν = c ÷ λ

ν = 3.00 × 10 ÷ 91.16 × 10

          ν = 3.29 × 10  s

Step 2: Substitute into  the equatio n to  calculate IE fo r o ne ato m o f hydro gen in J mol

ΔE = h ν

1

1
−34 15

1
−19 −1

1
−19  × 23

1
−1

−1  −1 

1
−1

1
−1

−1

−9

8 −9

15 −1

1 
−1 
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         IE  = 6.63 × 10  × 3.29 × 10

         IE  = 2.18 × 10 J ato m

Step 3: Calculate IE fo r 1 mo le o f hydro gen ato ms

          IE  = 2.18 × 10 × 6.02 × 10

          IE  = 1 313 491 J mo l

Step 4 : Co nvert J mol to  kJ mol

          IE  = 1313 kJ mo l

So  the �rst io nisatio n energy (IE ) o f hydro gen has been calculated as 1313 kJ mol

Exam T ip

These equatio ns are fo und in the data bo o klet so  yo u do n't need to  learn them.Also , be careful

to  calculate the �rst io nisatio n energy (IE ) per mo le by using Avo gadro 's co nstant (N ) 6.02 ×

10 and co nverting units to  kJ mo l .Finally, when wo rking thro ugh calculatio ns, keep the numbers

in yo ur calculato r to  avo id ro unding up to o  early.

1
−34 15

1
-18 −1

1 

1
−18 23

1
−1

−1  −1

1
−1

1
−1

1 A

23 −1
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12.1.2 Ionisation Energy Trends

Trends Across a Period

Io nisatio n energies sho w perio dicity  – a trend acro ss a perio d o f the Perio dic Table

As co uld be expected fro m their electro n co n�guratio n, the gro up 1 metals have a relatively lo w

io nisatio n energy, whereas the no ble gases have very high io nisatio n energies

The siz e o f the �rst io nisatio n energy is a�ected by fo ur facto rs:

Siz e o f  the nuclear charge

Distance o f  o uter electro ns f ro m the nucleus

Shielding e�ect o f  inner electro ns

Spin-pair repulsio n

First io nisatio n energy increases  acro ss a perio d and decreases  do wn a gro up

A graph showing the ionisation energies of the elements hydrogen to sodium

Ionisat ion energy across a period

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

Acro ss a perio d the nuclear charge increases

This causes the ato mic radius  o f the ato ms to  decrease, as the o uter shell is pulled clo ser to

the nucleus, so  the distance between the nucleus and the o uter electro ns decreases
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The shielding by inner shell electro ns remain reaso nably co nstant as electro ns are being

added to  the same shell

It beco mes harder to  remo ve an electro n as yo u mo ve acro ss a perio d; mo re energy  is

needed

So , the io nisatio n energy increases

Dips in t he t rend

There is a slight decrease in IE  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 800 kJ mo l  as its electro n co n�guratio n is 1s  2s  2p

There is a slight decrease in IE  between nitro gen and  o xygen due to  spin-pair repulsio n in the

2p  o rbital o f o xygen

Nitro gen has a �rst io nisatio n energy o f 14 00 kJ mo l  as its electro n co n�guratio n is

1s  2s  2p  2p  2p

Oxygen has a �rst io nisatio n energy o f 1310 kJ mo l  as its electro n co n�guratio n is

1s  2s 2p  2p  2p

In o xygen, there are 2 electro ns in the 2p o rbital, so  the repulsio n between tho se electro ns

makes it slightly easier fo r o ne o f tho se electro ns to  be remo ved

From one period t o t he next

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

the �rst  element in the next perio d

This is because:

There is increased distance  between the nucleus and the o uter electro ns as yo u have added

a new shell

There is increased shielding by inner electro ns because o f the added shell

These two  facto rs o utweigh the increased nuclear charge
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Successive Ionisation Energies

Successive ionisat ion energies of  an element

The successive  io nisatio n energies o f an element increase

This is because o nce yo u have remo ved the o uter electro n fro m an ato m, yo u have fo rmed

a po sitive io n

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 f o 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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Successive ionisation energies for the element calcium

The �rst  electro n remo ved has a lo w IE  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

The seco nd  electro n is mo re di�cult to  remo ve than the �rst electro n as there is no  spin-pair

repulsio 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)

Remo val o f the f o urth electro n is mo re di�cult as the o rbital is no  lo nger full, and there is

less spin-pair repulsio n

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

1
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Deducing the Group

Successive io nisatio n data can be used to :

Predict o r co n�rm the simple electro nic co n�guratio n o f elements

Co n�rm the number o f electro ns in the o uter shell o f an element

Deduce the gro up an element belo ngs to  in the Perio dic Table

By analysing where the large jumps appear and the number o f electro ns remo ved when these

large jumps o ccur, the electro n co n�guratio n o f an ato m can be determined

Na, Mg and Al will be used as examples to  deduce the electro nic co n�guratio n and po sitio ns o f

elements in the Perio dic Table using their successive io nisatio n energies

Successive Io nisatio n Energies Table

Sodium

Fo r so dium, there is a huge jump  fro m the �rst  to  the seco nd  io nisatio n energy, indicating that it

is much easier to  remo ve the �rst electro n than the seco nd

Therefo re, the �rst electro n to  be remo ved must be the last electro n in the valence shell thus Na

belo ngs to  gro up I

The large jump co rrespo nds to  mo ving fro m the 3s to  the full 2p subshell

Na       1s  2s  2p 3s

Magnesium

There is a huge increase fro m the seco nd  to  the third  io nisatio n energy, indicating that it is far

easier to  remo ve the �rst two  electro ns than the third

2 2 6 1
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Therefo re the valence shell must co ntain o nly two  electro ns indicating that magnesium belo ngs

to  gro up II

The large jump co rrespo nds to  mo ving fro m the 3s to  the full 2p subshell

Mg       1s  2s  2p 3s

Aluminium

There is a huge increase fro m the third  to  the f o urth io nisatio n energy, indicating that it is far

easier to  remo ve the �rst three electro ns than the fo urth

The 3p electro n and 3s electro ns are relatively easy to  remo ve co mpared with the 2p electro ns

which are lo cated clo ser to  the nucleus and experience greater nuclear charge 

The large jump co rrespo nds to  mo ving fro m the third shell to  the seco nd shell

Al         1s  2s  2p 3s 3p

Worked example

Values fo r the successive IEs o f an unkno wn element are:

IE = 899  kJ mo l ,

IE = 17 57  kJ mo l ,

IE = 14 850 kJ mo l ,

IE = 21005 kJ mo l

Deduce which gro up o f the perio dic table o f elements yo u wo uld expect to  �nd the unkno wn

element.

Answer:

The largest jump is between IE and IE which will co rrespo nd to  a change in energy level.

Therefo re, the unkno wn element must be in gro up 2.

2 2 6 2

2 2 6 2  1

1
-1

2
-1

3
-1

4  
-1

2 3
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Worked example

The table sho ws successive io nisatio n energies fo r element X in perio d 2.

Identify element X.

Answer:

The largest jump in io nisatio n energy is between IE and IE meaning that the 7th electro n is

being remo ved fro m an energy level clo ser to  the nucleus

Therefo re, element X must be gro up 16 (6)

If element X is in gro up 16 (6) and in perio d 2, it must be o xygen

6 7  
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