6 Reactions in Aqueous Solutions

Water is by far the most common medium in which chemical reactions occur naturally. It is not hard to see
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lonic Compound lons in Solution
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If the Na™ ions collide with CI™, they will attract each other to form NaCl. However, since NaCl is soluble, it
will immediately break back up into ions. A similar situation arises when Ag” collides with NO, ions.

Thus the only new things that can happen is for Na™ ions to collide with NO, ions to form NaNO; and for
Ag* to collide with CI™ to form AgCl. It is an experimental fact that NaNO3
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Solubility Rules for Some Common Salts in Water

Note well: When an insoluble salt (ionic compound) forms when two or more solutions are mixed, then the
substance will precipitate out of solution. If the salt is soluble no precipitate will form.

1. Most nitrate ( , )salts are soluble.

2. Most salts containing the alkali metal ions (Li*, Na*, K", Cs*, Rb") and the ammonium ion ( )
are soluble.

3. Most chloride, bromide and iodide salts are soluble.

Notable exceptions: Salts containing the ions Ag", Pb* and

4. Most sulfate salts ( ) are soluble.
Notable exceptions: CaSO, , BasSO, , PbSO, and Hg,SO, .

5. Most hydroxide salts (OH )are only slightly soluble. The important soluble hydroxides are NaOH
and KOH. The Group IIA hydroxides are marginally soluble.

6. Most sulphide ( ), carbonate ( ), chromate ( ) and phosphate salts ( ) are
only slightly soluble.

These solubility rules must be memorized. They will be used to predict whether a precipitate will form.

Exercises:
Fe(NOs), (aq) + NaOH (aq)
(NH4)3PO, (ag) + AICI; (aq)

NiCl, (aq) + Na,COs; (aq)
Pb(NO3), (aq) + Nal (aq)

Precipitation reactions are sometimes known as double displacement reactions because two ions
exchange with each other. Schematically:

AB + XY AY + XB

That is, cation A exchanges places with cation X and anion B exchanges with anion Y.
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6.2 Acids and Bases
Arrhenius Definitions:
« Acids: Substances which, when dissolved in water, produce H™.
* Bases: Substances which, when dissolved in water produce OH".
Strong acids and strong bases are acids that are excellent conductors of electricity.
The list of strong acids (to be memorized) is: HCI, HBr, HI, HNO3; , H,SO, , and HCIO,

The strong bases are: the alkali metal hydroxides and the alkaline earth hydroxides (even though these
latter are only sparingly soluble.

6.2.1 Dissociation of Acids

As with other ionic substances, acids dissociate into their component ions when dissolve in water.
However, the dissociation involves the removal of only one of the protons to produce, H" and the
conjugate acid anion.

Examples:
H,S04 (aq) H* (ag) + HSO,
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6.3 Oxidation Reduction Reactions

In the double displacement reactions discussed before (precipitation and acid-base reactions), we see a
transfer of ions. Oxidation-Reduction reactions (Redox reactions) there is a transfer of electrons.

Let us examine the reaction of sodium with chlorine.
2Na(s) + Cl,(9) 2 NaCl (s)

Here, initially the oxidation number of Na = 0 and of Cl = 0 on the reactant side of the equation. On the
product side, NaCl is formed from the attraction of Na* and CI” ions. Clearly, in the process of forming NaCl
from its elements, sodium has lost an electron and chlorine has gained an electron:

Na Na" + e
Cl + ¢ CI

Thus it can be observed that NaCl forms because of a transfer of electrons from sodium to chlorine. In the
process, sodium changes its oxidation state from O to +1, whereas chlorine changes its oxidation state
from 0 to —1. The change in oxidation state requires a transfer of electrons.

Oxidation is defined to be the loss of electrons. The substance becomes more positive.
Reduction is defined to be the gain of electrons. The substance becomes more negative.

Thus we see in the above reactions that:
* Sodium is oxidized
e Chlorine is reduced.
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For all reactions, you should always check the oxidation numbers of the reactants and of product. If there
is a change of oxidation state then the reaction is a redox reaction. If you can observe that the reaction is a
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6.4.2 Synthesis Reactions
Synthesis reactions are reactions that produce more products that are more complex than the reactants.
Examples are:

2Mg(s) + O2(9)  2MgO (s)

2H2(9) + 02(9) 2HO()

2CHs (@)  CoHs (9) + H2 ()

Note that each of these can also be classified in other ways. The three examples for example are also
redox reactions; the first two are combustion reactions.

6.4.3 Decomposition Reactions

Reactions that result in products that are simpler than the reactants are termed decomposition reactions.
Examples include:

COz (@) C(s) + 02(9)
CoH2 (9) + O2(9) CO, (g9) + HO (1)
Note once more that reactions can be classified in more than one way.
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