WEIGHTS
Molecular Weights and Equivalent Weights
A knowledge of molecular and equivalent weights is important because it
enables us to know exactly what weights of chemicals must be mixed together
to react without wastage. We can also calculate the weights of the products.
The molecular weight of a substance is simply the weight of any one of its
molecules. Even the largest atoms and molecules are so very light that it would
be ridiculous to measure them in grams or ounces. For example, an atom of lead
is quite heavy compared with the atoms of most other elements, but even so it
weighs only about o.ooooooooooooooooooooo34 grams. So a different scale of
measurement is used. An oxygen atom is taken as weighing sixteen units, i.e. its
atomic weight is sixteen. The other elements are given their atomic weights by
comparison. For example, an atom which is twice as heavy will have an atomic
weight of thirty-two (sulphur as it happens). Molecules consist of atoms which
are chemically combined together. Every atom has weight and consequently the
weight of the whole molecule (molecular weight) is the total weight of its
atoms.
Using a list of atomic weights it is very easy to calculate the weights of chemical
substances that will react with each other and just as easy to calculate the
weight of the product. When powdered iron is strongly heated with sulphur, the
compound iron sulphide is formed. Throughout the compound, an atom of iron
has combined with an atom of sulphur to form a molecule of iron sulphide. The
atomic weight of sulphur is 32 and that of iron 55.8. The molecule of iron
sulphide, which consists of an atom of iron combined with one of sulphur, has a
weight of 55.8+32=87.8. The molecular weight of iron sulphide then is 87.8. So
if 55.8 grams of iron are mixed with 32 grams of sulphur there will be no iron or
sulphur left over when the reaction takes place and 87.8 grams of iron sulphide
will be formed.
When the alkali caustic soda is being used to neutralise hydrochloric acid to
form common salt and water, the solution becomes acidic if too much acid is
added. Conversely if too little is added then the solution remains alkaline. For
complete neutralization of both acid and alkali, exactly the right weights of each
must be mixed. The molecular weight of caustic soda is the combined weight of
one atom of sodium, one of oxygen and one of hydrogen (23+16+1=40). The
molecular weight of hydrochloric acid is the combined weight of one atom of
hydrogen and one atom of chlorine (1+35.5=36.5). 36.5 grams of pure

hydrochloric acid (i.e. hydrogen chloride) will exactly neutralize 40 grams of
caustic soda.
Potassium iodide is a colourless solution. If chlorine gas is bubbled into it, then
the solution turns black because the chlorine takes the place of the iodine and
the uncombined iodine that is set free is black in colour. 35.5 grams of chlorine
(atomic weight of chlorine) can take the place of 127 grams of iodine (atomic
weight of iodine). 35.5 grams of chlorine are equivalent to 127 grams of iodine;
35.5 and 127 are the equivalent weights of chlorine and iodine respectively.
Hydrogen also has an equivalent weight equal to its atomic weight (1). In 36.5
grams of hydrochloric acid there are 35.5 grams of chlorine in chemical
combination with one gram of hydrogen. That is an equivalent weight of chlorine
combined with an equivalent weight of hydrogen. In 63 grams of nitric acid, an
equivalent weight of hydrogen (1 gm.) is combined with 62 grams of nitrate.
The equivalent weight of the nitrate group, then, is 62.
In the cases mentioned above the equivalent and atomic weights are the same.
This is because all the elements mentioned (and the nitrate group) have a
valency of 1.
For an element with a valency of 2 its equivalent weight is only half its atomic
weight. When a piece of the metal magnesium (valency 2) is dropped into a
dilute solution of hydrochloric acid there is fizzing and frothing as hydrogen gas
bubbles off, and the acid is converted into a solution of magnesium chloride,
each molecule of which consists of one atom of magnesium and two of chlorine.
One atomic weight of magnesium is combined with two equivalent weights of
chlorine, so the equivalent weight of magnesium must be only half its atomic
weight (i.e. the weight that would combine with one equivalent weight of
chlorine). Also in this reaction one atomic weight of magnesium liberates two
equivalent weights of hydrogen. This is further evidence that its equivalent
weight equals atomic weight.
Exactly the same argument applies to the metal zinc which also has a valency of
2 and behaves similarly with dilute hydrochloric acid, forming zinc chloride.
Ferric iron has a valency of 3. When caustic soda is added to a solution of a
ferric salt a brownish, rather jelly-like solid, ferric hydroxide forms. In the
formation, one ferric iron atom has replaced three sodium atoms. One ferric iron
atom is equivalent to three sodium atoms. Its equivalent weight equals atomic
weight.
Equivalent weight = atomic weight
valency
Many chemicals in the laboratory are used in the form of solutions of various
strengths. These strengths are usually expressed in terms of equivalent weights
(in grams) per litre of solution.
If 1 litre of solution contains 1 equivalent weight (in grams) of dissolved
substance it is called 1 normal or simply normal; if it has two equivalent weights
then it is 2 normal and so on. The equivalent weight of hydrogen is one and that
of chlorine 35.5. A normal solution of hydrochloric acid will contain 36.5 grams
of hydrogen chloride in a litre of solution. The equivalent weight of an element
or group is the number of grams of it that will combine with or take the place of
1 gram of hydrogen or 35.5 grams of chlorine.

