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Elements,	  isotopes	  and	  
ionisa/on	  energies	  

Objec/ves	  
Must	  
State	  that	  12C	  is	  used	  as	  the	  standard	  measurement	  of	  rela/ve	  
masses.	  
	  
Should	  
Define	  terms	  rela/ng	  to	  isotopic	  and	  atomic	  mass,	  molecular	  
mass	  and	  formula	  mass.	  
	  
Could	  
Use	  data	  such	  as	  rela/ve	  abundances	  to	  calculate	  rela/ve	  atomic	  
mass.	  
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Defini/ons	  
	  is	  the	  mass	  of	  an	  atom	  of	  a	  

single	  isotope	  rela/ve	  to	  1/12th	  of	  a	  12C	  atom.	  
	  

	  is	  the	  weighted	  mean	  mass	  of	  
an	  atom	  of	  an	  element	  rela/ve	  to	  1/12th	  of	  a	  12C	  
atom,	  taking	  into	  account	  isotopic	  abundances.	  
	  
This	  is	  the	  figure	  usually	  quoted	  on	  a	  periodic	  table,	  
and	  because	  it	  is	  an	  average	  it	  is	  oHen	  a	  decimal	  
number.	  For	  example	  35.5	  for	  chlorine.	  	  
	  
	  

Calcula/ng	  Ar	  from	  isotopic	  
abundances	  

To	  have	  a	  correct	  value	  for	  the	  Ar	  we	  need	  to	  take	  into	  account	  
the	  different	  isotopes	  that	  are	  present.	  	  
	  
Isotopes	  are	  atoms	  with	  the	  same	  number	  of	  protons	  but	  
different	  numbers	  of	  neutrons	  present	  in	  their	  nucleus.	  
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Worked	  example	  

Chlorine	  has	  2	  isotopes	  which	  occur	  naturally.	  
These	  are	  35Cl	  and	  37Cl.	  	  
The	  Ar	  of	  chlorine	  is	  given	  on	  the	  periodic	  table	  
as	  35.5	  –	  this	  is	  because	  75%	  of	  the	  atoms	  that	  
exist	  are	  the	  isotope	  35Cl	  and	  25%	  of	  the	  atoms	  
are	  37Cl.	  	  
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Calcula/ng	  Ar	  

1.  Calculate	  the	  Ar	  of	  naturally	  occurring	  neon	  if	  
the	  composi/on	  is	  90.9%	  neon	  20,	  0.3%	  neon	  
21	  and	  8.8%	  neon	  22.	  

2.  Calculate	  the	  Ar	  of	  naturally	  occurring	  copper	  
if	  the	  composi/on	  is	  69%	  copper	  63	  and	  31%	  
copper	  65	  	  
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Calcula/ng	  Ar	  -‐	  answers	  
1.  Calculate	  the	  Ar	  of	  naturally	  occurring	  neon	  if	  the	  

composi/on	  is	  90.9%	  neon	  20,	  0.3%	  neon	  21	  and	  
8.8%	  neon	  22.	  

2.  Calculate	  the	  Ar	  of	  naturally	  occurring	  copper	  if	  the	  
composi/on	  is	  69%	  copper	  63	  and	  31%	  copper	  65	  	  
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AfL	  –	  using	  whiteboards	  

1.  A	  sample	  of	  bromine	  contains	  53.00%	  of	  
bromine	  79	  and	  47.00%	  of	  bromine	  81.	  
Calculate	  the	  rela/ve	  atomic	  mass	  of	  
bromine.	  
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Mark	  Scheme	  
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Mark	  scheme	  
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Mark	  scheme	  



10/12/2011 

9 

Mark	  scheme	  
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Mark	  scheme	  

Ionisa/on	  energies	  
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Objec/ves	  

Must	  
Defini/on	  for	  first	  ionisa/on	  energy	  
Should	  
Describe	  the	  factors	  affec/ng	  the	  first	  ionisa/on	  
energy	  
Could	  
Explain	  the	  trend	  along	  a	  period	  and	  down	  a	  
group	  
	  

Introducing	  Ionisa/on	  Energies	  

Defini/on:	  
	  
“The	  first	  ionisa/on	  energy	  of	  an	  element	  is	  the	  
energy	  required	  to	  remove	  one	  electron	  from	  each	  
atom	  of	  one	  mole	  of	  gaseous	  atoms	  to	  form	  one	  
mole	  of	  gaseous	  +1	  ions.”	  

X(g)	  	  X+(g)	  +	  e-‐	  
	  

The	  units	  are	  Jmol-‐1	  =	  J/mol	  
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2nd	  Ionisa/on	  Energies	  

2nd	  ionisa/on	  energy	  
	  
“The	  second	  ionisa/on	  energy	  of	  an	  element	  is	  the	  
energy	  required	  to	  remove	  one	  electron	  from	  each	  
atom	  of	  one	  mole	  of	  gaseous	  +1	  ions	  to	  form	  one	  
mole	  of	  gaseous	  +2	  ions.”	  

X+(g)	  	  X2+(g)	  +	  e-‐	  
	  

The	  units	  are	  Jmol-‐1	  =	  J/mol	  
	  
	  
	  

Factors	  affec/ng	  ionisa/on	  energy	  

	  

Ionisa/on	  energies	  are	  influenced	  by:	  
• nuclear	  charge	  
• electron	  shielding;	  and	  	  
• the	  distance	  of	  the	  outermost	  
electron	  from	  the	  nucleus.	  
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First	  IE	  -‐	  Trend	  down	  a	  group	  

1.  Atomic	  radius	  increases	  
2.  Shielding	  increases	  
3.  Nuclear	  force	  of	  airac/on	  decreases	  
4.  Ionisa/on	  energy	  decreases	  

Remember	  to	  refer	  to	  the	  elements	  that	  are	  in	  
the	  ques/on.	  

First	  IE	  -‐	  Trend	  along	  a	  period	  

1.  Atomic	  radius	  decreases	  
2.  Shielding	  stays	  the	  same	  
3.  Charge	  on	  the	  nucleus	  increases	  
4.  Nuclear	  force	  of	  airac/on	  increases	  
5.  Ionisa/on	  energy	  increases	  

Remember	  to	  refer	  to	  the	  elements	  that	  are	  in	  
the	  ques/on.	  
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Mark	  scheme	  
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Mark	  scheme	  
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Mark	  scheme	  
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Why	  do	  successive	  ionisa/on	  energies	  get	  
larger?	  

Once	  you	  have	  removed	  the	  first	  electron	  you	  
are	  leH	  with	  a	  posi/ve	  ion.	  	  

Trying	  to	  remove	  a	  nega/ve	  electron	  from	  a	  
posi/ve	  ion	  is	  going	  to	  be	  more	  difficult	  than	  
removing	  it	  from	  an	  atom.	  	  

Removing	  an	  electron	  from	  a	  2+	  or	  3+	  (etc)	  ion	  is	  
going	  to	  be	  progressively	  more	  difficult.	  

Successive	  Ionisa/on	  Energies	  

•  You	  can	  then	  have	  as	  many	  successive	  ionisa/on	  
energies	  as	  there	  are	  electrons	  in	  the	  original	  
atom.	  

•  The	  first	  four	  ionisa/on	  energies	  of	  aluminium,	  
for	  example,	  are	  given	  by	  

•  1st	  I.E.	  =	  577	  kJ	  mol-‐1	  	  
•  2nd	  I.E.	  =	  1820	  kJ	  mol-‐1	  	  
•  3rd	  I.E.	  =	  2740	  kJ	  mol-‐1	  	  
•  4th	  I.E.	  =	  11600	  kJ	  mol-‐1	  
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Using	  ionisa/on	  energies	  to	  work	  out	  
which	  group	  an	  element	  is	  in.	  

•  Magnesium	  is	  in	  group	  2	  of	  the	  Periodic	  Table	  and	  has	  
successive	  ionisa/on	  energies:	  

	  
•  This	  big	  jump	  between	  two	  successive	  ionisa/on	  

energies	  is	  typical	  of	  suddenly	  breaking	  in	  to	  an	  inner	  
level.	  You	  can	  use	  this	  to	  work	  out	  which	  group	  of	  the	  
Periodic	  Table	  an	  element	  is	  in	  from	  its	  successive	  
ionisa/on	  energies.	  

	  

AfL	  quick	  ques/on…	  

Decide	  which	  group	  an	  atom	  is	  in	  if	  it	  has	  successive	  
ionisa/on	  energies:	  
	  
	  
	  
The	  ionisa/on	  energies	  are	  going	  up	  one	  or	  two	  
thousand	  at	  a	  /me	  for	  the	  first	  five.	  Then	  there	  is	  a	  
huge	  jump	  of	  about	  15000.	  There	  are	  5	  rela/vely	  
easy	  electrons	  -‐	  so	  the	  element	  is	  in	  group	  5.	  
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Mark	  scheme	  
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Electron	  configura/ons	  

Objec/ves	  

Must	  
Describe	  the	  shapes	  and	  energy	  of	  orbitals	  
Should	  
Write	  an	  electronic	  configura/on	  in	  terms	  of	  s,	  p	  
and	  d	  orbitals	  
Could	  
Deduce	  the	  electron	  configura/on	  of	  ions	  
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Energy	  levels	  and	  orbitals	  

•  Each	  energy	  level	  n=1,	  2,	  3	  and	  so	  on	  is	  made	  
up	  of	  ORBITALS	  

	  
Defini/on	  
•  An	  orbital	  is	  a	  region	  of	  space	  around	  the	  
nucleus	  that	  can	  hold	  2	  electrons	  with	  paired	  
spins	  

	  

The first type of orbital at lowest energy is called 1s 
and it will hold 2 electrons. 

 

The "1" represents the fact that the orbital is in the 
energy level closest to the nucleus.  

 

The "s" tells you about the shape of the orbital.  

 

S orbitals are spherically symmetric around the 
nucleus - like a hollow ball made of cloud-like material 
with the nucleus at its centre  

S-‐orbitals	  
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S-‐	  orbitals	  

The second type of orbital is a 2s orbital.  

 

This is similar to a 1s orbital except that the 
region where there is the greatest chance of 
finding the electron is further from the 
nucleus  

 

This is an orbital at the second energy level 
and holds two electrons. 

So in the first period 

Hydrogen has its only electron in the 1s orbital - 1s1, and 
at helium the first level is completely full - 1s2. 

 

The next electron goes into the 2s orbital so lithium is 1s2 
2s1 and beryllium is 1s2 2s2 
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A p orbital is like 2 identical balloons tied together at 
the nucleus. The diagram on the right is a cross-
section through that 3-dimensional region of space.  

 

We call it a dumbbell shape  

 

There are three p-orbitals of equal energy. 

Each of them can hold 2 electrons (so 6 in total). 

P-‐orbitals	  

So after beryllium 

Now the 2p levels start to fill. These levels all 
have the same energy, and so the electrons go 
in singly at first. 

B – 1s22s22px
1    

C - 1s22s22px
12py

1    

N - 1s22s22px
12py

12pz
1  

The next electrons to go in will have to pair up 
with those already there. 

O - 1s22s22px
22py

12pz
1  

Shorthand 
Version: 

All the various p 
electrons can be 
lumped together. 

For example, 
fluorine could be 
written as 
1s22s22p5, and 
neon as 
1s22s22p6. 

 

Challenge	  ques/on…	  
Why	  do	  you	  think	  electrons	  might	  not	  like	  to	  pair	  up?	  
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d orbitals 

In addition to s and p orbitals, there are two other sets of 
orbitals available for electrons at higher energy levels. These 
are d and f.  

 

You only need to know about d. There are 5 d-orbitals in 
energy levels from 3 onwards. Each d-orbital holds 2 
electrons. 

3s2 3p6 3d10  

Can you write the electron configuration of Germanium? 

Don’t	  make	  it	  too	  complicated!	  

	  



10/12/2011 

25 

Let	  the	  periodic	  table	  help	  you…	  
The	  s	  block	  have	  ‘s’	  outer	  shell	  electrons	  (eg	  Na,	  Mg	  etc)	  
	  
The	  p	  block	  have	  ‘p’	  outer	  shell	  electrons	  (eg	  Al,	  C,	  N	  etc)	  	  
	  
The	  d	  block	  have	  ‘d’	  outer	  shell	  electrons	  (eg	  Cu,	  Fe,	  Ag	  
etc)	  
	  
The	  row	  (period)	  is	  equal	  to	  the	  energy	  level	  eg	  n=1,	  2,	  
3,	  4	  etc.	  

AfL	  –	  write	  the	  electron	  
configura/on	  

	  
For	  example	  Nitrogen	  (7	  electrons)	  1s22s22p3	  

	  
1.  Magnesium	  (12	  electrons)	  
2.  Beryllium	  (4	  electrons)	  
3.  Sulphur	  (16	  electrons)	  
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Electrons fill low energy orbitals (closer to the nucleus) before they 
fill higher energy ones.  

Where there is a choice between orbitals of equal energy, they fill 
the orbitals singly as far as possible. 

Energy	  and	  filling	  orbitals	  

Remember that 4s fills before 3d 
 

K - 1s22s22p63s23p64s1  

Sc - 1s22s22p63s23p63d14s2  

 

AfL - Write the electron configuration of iron (26 electrons). 

 



10/12/2011 

27 

Charged	  ions	  

To	  work	  out	  a	  posiBve	  ion	  take	  electrons	  away.	  

•  Aiempt	  the	  electron	  configura/on	  of	  the	  Mg2+	  
ion.	  

	  
To	  work	  out	  a	  negaBve	  ion	  add	  electrons	  on.	  
	  
•  Aiempt	  the	  electron	  configura/on	  of	  the	  Cl-‐	  ion.	  

Charged	  ions	  -‐	  answers	  

•  Aiempt	  the	  electron	  configura/on	  of	  the	  
Mg2+	  ion.	  

•  1s22s22p6	  
•  Aiempt	  the	  electron	  configura/on	  of	  the	  Cl-‐	  
ion.	  

•  1s22s22p63s23p6	  
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Mark	  scheme	  
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Mark	  scheme	  


