Spontaneous and non-spontaneous reactions
We need to determine if the following reactions would spontaneously reacted.

Do ensure the reactions are spontaneous you need to ensure the reactions follow the C-
rule. In other words, will the element that is more likely to oxidise — in fact oxidise and the
element that is more likely to reduce — actually reduce.

Example 1

Will Ca and Zn*? react with each other spontaneously?

Ca” +2¢ -287
Na +e = =271
Mq:'+2r = My -238
A v de = Al - 1.8
Mn'" + 28" = M - 118
c,f"{.Z.' = Cr -0

Q)+ 2¢ = Hig)+20H | -083
AESD 2 = In -07

Yes, since the uncharged Ca is on the right of the arrow, the only thing it can do is to give
off electrons and oxidise. And thus must be read from right to left.

The charged Zn*?is on the left of the arrow and thus the only thing it can do is gain
electrons and be read from left to right.

The element that is higher on the table thus oxidises and the one lower down will reduce.

This reaction now follows the C-rule and it is spontaneous.

Ca™ +2e @ - 287
Na'+ & - =271
qu‘t-h' = Mg =238
AL + 3¢ = Al -1.08
Mn™' + 2" = Mn -1.18
Cr" + 28 = Cr - 091
2O+ Te = Hilg)* 20W -D.83
C.z' p = Zn -0.78
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Another way to look at this- if you connect the 2 substances- does the line have a positive

gradient?

Ca™ +2¢° - 287

Ma'+ & -271

Mg™ + 2e” -+ Mg -238

AL & 3¢ = Al - 168

Mn®' + 2e = Mn =118

Cr” + 290 = Cr - 0,91

’ = Higl+20H | -0.83

< 2 = Zn -0.78

Example 2
Will Ba and MgSQOs react spontaneously?

Firstly you need to realise that Ba is uncharged and Mg is charged- Mg*?, since itisin a

compound.
Ba™' #2e = Ba =280
S = 2" - 280
Ca’ + 20 m Ca - 287
& = Na -271
S = “2%

Ba is on the right of the arrow and must be read right to left and Mg+2 must be read from
left to right.

- .80
- 280
- 287
-2
-130

C

The reaction follows the C-rule and is thus spontaneous.
Example 3

Will Ca*? and Zn react spontaneously?

ca™ = Ca - 287
- = Na =271
5 29 = Mg -238

Al 4 3¢ = Al - 1.88

Mn" & 2e” = Mn ~-1.18

Crt + 2w = Cr -0.91

2H0 + 27 m  Haig)+ 20H -0.83

Zn 420 @ -0.79
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The Ca*? will have to gain electrons and be read from left to right (the one higher on the
table thus reduces).

The Zn can only lose electrons and will be read from right to left (the one lower on the table
thus oxidises).

This reaction does not follow the C-rule

S

Ca
Na
Mg
Al
Mn
Cr

- 287
-2M
=238
- 1,88
=118
=08
2] - 083

<

o@és reduces

x non-spontaneous

re@}}és oxidises

Will Ni and Al(NOs); react spontaneously?

Example 4

*firstly Ni is neutral, but Al is charged — Al*?

- 1,88
- 1,18
= 0.81
Hyg)+ 204 | -0.83
Z -0.74
= 0.74
= 0,44
-~ 041
= 0.40
- 0.28
- 0.27
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No the reaction is not spontaneous — since the Al*? needs to be read from left to right and
Ni needs to be read right to left. This does not follow the C-rule

The reaction is non-spontaneous.

Exercise 2

State whether the following reactions will be spontaneous or non-spontaneous.

2.1 Liand Zn* spontaneous / non-spontaneous
2.2 Liand ZnSO4 spontaneous / non-spontaneous
2.3 Mg and ZnSO, spontaneous / non-spontaneous

2.4  Fe(iii) and Ni*? spontaneous / non-spontaneous
2.5 Aly(SO4)zand Pt  spontaneous / non-spontaneous
2.6 Kand NaNOs; spontaneous / non-spontaneous
2.7 Ag(NOs)sand CI" spontaneous / non-spontaneous

2.8 CaandPb(NOs3); spontaneous / non-spontaneous
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Batteries

Now if we can connect an element that wants to lose electrons (oxidise- and is high on the
table) with an element that wants to gain electrons (reduce- and is lower on the table) then
we can create electricity.

This is actually the principle on which batteries work.

connecting wire

N,
7

Lithium metal —— Jj S Mg metal
called an electrode also called an electrode

Since Li wants to give off electrons (oxidise) and Mg wants to gain electrons (reduce)

It creates a flow of electrons — and thus electricity.

However this wouldn’t really work- because the circuit isn’t complete. Thus the setup looks

like this:
half-cell half-cell
[ 1 | 1
(V)
[ b S
salt bridge «— Mg
electrolyte

43 electrolyte
‘Mg (aq) |

The whole setup is known as a galvanic cell (the basic setup of a battery)

The Li-electrode in the Li*! solution is known as a half-cell
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