An Introduction to the different Reactions of Metals
In this Note I have put together (from different sources) some of the reactions of metals with different things
such as Water/Steam/Acids/other metals/the oxides of other metals/etc.
However, at the outset I want you to concentrate just on the words
- “Reactivity” series (discussed on pages 1 and 2 herein)
- Displacement (discussed on different pages in the Note), and
- the Thermite Reaction which is a reaction of a Metal (pure Aluminium) with the Oxide of another Metal
(Iron) that produces so much heat energy that it actually melts the Iron! Do not attempt to make this
reaction happen. It is far too dangerous to be attempted by a layperson. You will end up in hospital
with massive burns if you get it wrong (or you might be killed). Just watch it on youtube.

Reactivity Series
The reactivity series is usually presented as a Table of metal elements starting with the most reactive metals
(but ignoring metals such as Caesium and Rubidium that would produce dangerously explosive reactions)
that you will encounter in a school Chemistry laboratory e.g. Potassium and Sodium – and then working its
way down through increasingly less reactive metal elements such as Aluminium, Zinc, Iron until you get to
the “Unreactive” Metals such as Silver, Gold and Platinum.
The Reactivity Series that is presented is usually one where the ‘benchmark’/the ‘yardstick’ for measurement
is how easily the Metal elements concerned will give up electrons to Hydrogen. It is not possible to give
oneself electrons, therefore Hydrogen has a displacement value of “zero” in this Reactivity series.

Reaction with H2O
At GCSE Level, the examiners love to ask questions about the reactions of metal elements with H2O, but I
would arrange the reactions into four different groups
- metals that react with liquid H2O, Water (at room temperature) to form metal Hydroxides
- metals that do not react readily with liquid H2O, Water (at room temperature) but can react with gaseous
H2O i.e. Steam to form metal Oxides
- metals that react readily with Acids to from Salts of the Acids, and
- metals that do not react with Water/Steam/or Acids (because they lie below Hydrogen in the reactivity
series.
Please remember that a Hydrogen atom consists of nothing but one proton and one electron. That is it!
Nothing else – and if a Hydrogen atom loses its electron, then all that is left is a proton
H ––> H+
+
e–
1 atom
1 proton
1 electron
Now a charge of “+1” is tiny, but a charge of “+1” in a miniscule amount of space results in enormous
charge density (i.e. charge divided by the volume of space occupied by the charge) and, since the volume of
space occupied by a proton is miniscule, the resulting charge density is absolutely ENORMOUS – and it is
this that makes a proton such an aggressive/destructive species.
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What I would like you to appreciate is that in all of the reactions with Water/Steam/Acids, what you are
actually witnessing is the reaction between a proton and electrons.
A piece of metal: A piece of a pure metal element is a substance composed of positively charged metal
cations embedded in a sea of mobile “delocalised” negatively charged electrons. (“Delocalised” electrons
are electrons that are free to move around all over the piece of metal).
A piece of a Group I metal
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Each dot is meant to be a delocalised electron, and each M+ is meant to be
a Group I metal ion. Clearly there should be exactly as many delocalised
electrons as there are ions.

A piece of a Group II metal
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There must be TWICE as many delocalised electrons as there
are metal ions in a Group II metal!

A piece of a Group III metal
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There must be THREE times as many delocalised electrons as
there are metal ions in a Group III metal!

H2O: Inside any volume of Water there will always be some free protons and some free Hydroxide species
(“–OH–” species). This is because there will always be a very small number of H2O molecules that are
breaking down into Protons and Hydroxide species – and at the same time there will always be other
Protons and Hydroxide species that are reacting together to form molecules of H2O. This is what is known as
a “reversible reaction” – and this reversible reaction is happening continuously in H2O (Water or Steam).
H+ + OH–
H2O
As it happens pure Water at 298K/25˚C contains roughly 1 x 10–7 (or one in 10,000,000) H+ ions per dm3 of
Water (with the remainder of the 1dm3 of the solution consisting of undissociated H2O molecules). In other
words there are hardly any H+ ions (Protons) in pure Water at RTP.
However, there are enough protons in H2O for them to attack the sea of delocalised electrons and ‘steal’
electrons from the metal thus leaving positively charged metal cations behind e.g.
A Group I metal
A Group II metal
A Group III metal

Na – 1e–
Mg – 2e–
Al – 3e–

––>
––>
––>

Na+
Mg2+
Al3+

The reaction that is taking place when a metal reacts with Water/Steam/or an Acid is thus the reaction
between a Proton and an electron! A Proton from the Metal steals a Proton from the Water/Steam/or Acid to
form an atom of Hydrogen
H+ + e– ––>
H
and then two atoms of Hydrogen get together to form one molecule of Hydrogen gas and that is why the
reaction is always accompanied by the formation of Hydrogen gas. In fact so much Hydrogen gas and
heat can be produced (with Steam, and even more so with an Acid) that you can get Hydrogen gas violently
exploding when reactive metals come into contact with Steam or an Acid.
I am not going to go into the complicated Chemistry of why different products are formed in these reactions
(i.e. Hydroxides/Oxides/Salts/etc), but you now have an extremely good overview of what is happening in
these GCSE Level reactions of Metals with H2O and with Acids.
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The basis of Reactivity
The reactivity of metals is due to the difference in stability of their electron configurations as atoms
and as ions. As they are all metals they will form positive ions when they react.
Potassium has a single outer shell electron that can be lost to obtain a stable "Noble gas" electron
configuration. Precious metals (such as gold and silver) that exist in the d-block cannot form structures that
are much more stable than their elemental state with the loss of just a few electrons. Metals that require the
loss of only one electron to form stable ions are more reactive than similar metals that require the loss of
more than one electron.
Metals with a greater total number of electrons tend to be more reactive because their outermost electrons
(the ones that will be lost) exist further from the positive nucleus and therefore they are held less strongly. In
other words, the larger the electron cloud, the less strongly will the outermost electrons be held by a given
number of protons. (We will talk more about this in Year 12 when you are 16/17/189 years old and doing
your ‘A’ Levels.)
The “potential” to lose or to gain electrons is the driving force behind all electrochemical reactions.
NB You will sometimes see potential referred to as “Redox Potential” because Reduction and Oxidisation
(as in OILRIG) are all about the passage of electrons from one species to another species – and,
indeed, Electricity is all about the passage of electrons!
The Chemistry Department of Georgetown University (Washington, DC, USA) has a nice graphic way of
depicting “potential” (or potential difference)

and you can see that if the tap ‘X’ is opened, then liquid is going to flow from A to B, so now you know that
if it was electrons instead of water, then A has the potential to give electrons up to B.
The reactivity of everything is measured against its capacity to give electrons to Hydrogen, and if we were
considering more than two species, we could depict it as below (with Hydrogen being say column “A”)

cf. Table on page 2.

and you could see the relative potentials of any one species against any other (or against all the others).
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Metals are elements on the left hand side of the Periodic Table whose atoms are happy to give up electrons to
the atoms of non-metal elements on the right hand side of the Periodic Table (where the number of electrons
being given up by each metal atom tends to be determined by the Group in the Periodic Table to which the
metal belongs), and different metals have differing propensities to lose their electrons.
THE PERIODIC TABLE
Nonmetals
Metals
Metals

The Reactivity Series of Metals
From Stephen Lower (Professor Emeritus at Simon Fraser University) and amended by me.

The reactivity series is a series of metals in order of reactivity from highest to lowest.
The Table/Series is used to determine the products of single displacement reactions, whereby metal A will
replace another metal B in a solution if A is higher in the series than B.
Only a metal higher in the reactivity series will displace another metal.
Activity series of some of the more common metals, listed in descending order of reactivity.
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Metals
K
Na
Li
Ba
Sr
Ca
Mg
Al
Mn
Zn
Cr
Fe
Cd
Co
Ni
Sn
Pb
H2

Metal Ion
K+
Na+
Li+
Ba2+
Sr2+
Ca2+
Mg2+
Al3+
Mn2+
Zn2+
Cr2+
Fe2+
Cd2+
Co2+
Ni2+
Sn2+
Pb2+
H+

Sb
Bi
Cu
Hg
Ag
Au
Pt

Sb2+
Bi2+
Cu2+
Hg2+
Ag+
Au3+
Pt+

Reactivity
All the elements in red will react with Water (at
room temperature of say 20-25˚C).
reacts with water
reacts with water
Other elements need the reaction to be heated
reacts with water
before it can occur e.g. Mg will not react with
reacts with water
cold water but it will react with steam! (The
hotter the environment, the more easily/the
reacts with water
more quickly will a reaction occur.
reacts with water
reacts with acids
reacts with acids
reacts with acids
Less active metals such as zinc or iron cannot displace
reacts with acids
hydrogen from water or even steam, but they do react readily
with acids:
reacts with acids
Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)
reacts with acids
reacts with acids
NEVER NEVER EVER try reacting a metal with hot acid.
reacts with acids
There will be an EXPLOSION!
reacts with acids
reacts with acids
reacts with acids
The benchmark. (For comparative purposes all reactivity is measured against Hydrogen.)
Hydrogen therefore has a reactivity of “zero”. It cannot displace itself !!!!
highly unreactive
highly unreactive
highly unreactive
highly unreactive
highly unreactive
highly unreactive
highly unreactive

BBC Bitesize says (but I have altered their wording) that when a metal element (e.g. iron) is placed in a solution of the
salt of another metal (e.g. nickel), then it may be more energetically feasible for this "elemental metal" (iron) to exist as
an ion (rather than in its form as an element), and the original "ionic metal" (nickel) to exist as the element. Therefore
the elemental metal (iron) will "displace" the ionic metal (zinc) and the two species will then swap places. The great
Jim Clark points out that a more sophisticated calculation involving electrode potentials is required to make an accurate
prediction of what will happen.
BBC Bitesize also says that a metal can displace metal ions listed below it in the activity series, but not above it. For
example, look at the Table and you will see that zinc is more reactive than copper and it is thus able to displace copper
ions from solution
Zn(s) + Cu2+(aq) → Zn2+(aq) + Cu(s)
but silver cannot displace copper ions from an ionic copper solution.
It is important to distinguish between the displacement of hydrogen from water and hydrogen from an acid.
Sodium is highly reactive and is able to displace hydrogen from water,
2Na(s) + 2H2O(l) → 2NaOH(aq) +H2(g)
but less reactive metals such as iron or zinc cannot displace hydrogen from water that is at room temperature, but they
will/do readily react with acids.
Zn(s) + H2SO4(aq) → ZnSO4(aq) + H2(g)
Those metals that can displace H+ ions from acids are easily recognised by their position above H in the reactivity
series. The boundary between the metals that react with water and those that do not react with water is harder to spot.
For example, calcium is quite reactive with water, whereas magnesium does not react with water at room temperature
but it does displace hydrogen from steam.
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