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OF ELEMENTARY ENTITIES IN AMOUNT
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Summary. Students often understand the mole (a physical quantity) as either a

number counting unit or mass. It seems that one of the origins of this problem can be

attributed to chemistry teachers who often do not pay sufficient attention to the

specification of elementary entities in chemical substance. This contribution shows

how specification can be introduced to chemistry beginners.

Introduction
The mole, a fundamental unit of SI (the International System of Units), is stated

in two ways [1]: The first is to define the mole in terms of carbon-12, and the second
is to specify elementary entities in a given chemical substance. The mole is a physical
quantity [2-5]; however, science/chemistry educators [6-7], and hence students [8]
often understand the mole as either a number counting unit or mass. It appears that
the failure in teaching the mole can be attributed to two origins. One is that educa-
tors do not show students the principle of comparison of a given �amount of sub-
stance� with the mole, i.e., the principle of measurement of amount of substance,
based on the SI mole definition; this principle in stoichiometry is one-to-one corre-
spondence [9]. The other is that the mole teaching does not stress adequately the
specification of elementary entities in chemical substance. This contribution shows
how to introduce chemistry beginners to specification.
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The specification of SI for the mole [1] is written as �When the mole is used, the
elementary entities must be specified and may be atoms, molecules, ions, electrons,
other particles or specified groups of such particles.� This specification is essential
for students� understanding of not only the mole but also �amount of substance�
(chemical amount) because, as shown below, the choice of elementary entities deter-
mines the quantity of �amount of substance�. It should be noted in chemistry educa-
tion that incomplete expressions peculiar to the chemistry community are used in
specifying elementary entities.

Chemists� Expression for Specification
It is ambiguous to say that when the name of a chemical substance is S, the

amount of substance of S is n(S); because there is no specification of elementary
entities in the statement. The correct expression is as follows; let n(B) be the amount
of substance for a chemical substance S whose elementary entity is B. This is just the
specification of elementary entities, which is also a notice to use the mole.

Chemists often divert the chemical symbol B of an elementary entity to the
name of a chemical substance in brief form such that �n(B) is the amount of sub-
stance for a chemical substance B� or in more shortened form  �n(B) is the amount of
substance B.� The Green Book [1, p. 46], for example, says that n(Cl) is amount of Cl
or amount of chlorine atoms; this symbol n(Cl) means the amount of the chemical
substance that is an assembly of chlorine atoms. On the other hand, the atomic mass
(relative atomic mass) A

r
(Cl) is that for only one atom. The present note uses the

chemists� expression such as  �let n(B) be the amount of substance of B,� where B is
the chemical symbol of an elementary entity.

Specification in Stoichiometry
Let us consider the problem of specification of elementary entities in the sto-

ichiometric equation:
2H

2
  +  O

2
  =  2H

2
O

Two molecules of hydrogen react with one molecule of oxygen, producing two
molecules of water. Chemists regard this equation as representing the reaction of
hydrogen gas with oxygen gas to yield liquid water. One can then expand the three
chemical substances as an entity sheet [9]:
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Here a pair of curl brackets denotes a chemical substance. Note that all chemi-
cal symbols such as 2H

2
 and O

2
 stand for elementary entities. In each column three
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elementary entities, 2H
2
, O

2
 and 2H

2
O, have one-to-one correspondence to one an-

other. One can hence get the amount balance

n(2H
2
) = n(O

2
) = n(2H

2
O)

Expanding chemical substance 2H
2
 leads to another chemical substance H

2
;

then the row of H
2
 is double the row of 2H

2
. The amount balance is then expressed as

n(2H
2
) = n(H

2
)/2 = n(O

2
) = n(2H

2
O) = n(H

2
O)/2

This equality well illustrates the importance of specification of elementary enti-
ties in writing amount of substance.

It is easy to follow one-to-one correspondence in a given chemical substance.
Let n(CH

3
OH) be the amount of substance for methanol CH

3
OH. The elementary

entity CH
3
OH includes, i.e., corresponds to, other elementary entities such as CH

3
,

OH and 4H. The amount balance in methanol is therefore given by

n(CH
3
OH) = n(CH

3
) = n(OH) = n(4H)

The last equality implies that one can choose an imaginary particle 4H which is
not a molecule as an elementary entity.

The Mole and Specification
Now expand 0.012 kg of carbon-12 as an entity sheet

{  12C   12C   . . .   12C  }

which is just a realization of the SI mole. Let us measure a given amount of substance

n(H
2
O) in terms of this measure ruler. Suppose that one elementary entity H

2
O in the

entity sheet of H
2
O has one-to-one correspondence to double the measure ruler; in

other words, n(H
2
O)/mol = 2, i.e., n(H

2
O) = 2 mol. The mass of this chemical amount

is 36 g. This example is also expressed as n(2H
2
O) = 1 mol, because n(2H

2
O) =

= n(H
2
O)/2.

The word �molar� in molar quantities is defined [1] as �divided by mol.� The

molar mass of water H
2
O is well-known as M(H

2
O) = 18 g/mol. Hence, one has

M(2H
2
O) = 36 g/mol for water 2H

2
O, because n(2H

2
O) = 1 mol is 36 g. Similarly, the

molar volumes (25 degrees, 1 atm) for water H
2
O and 2H

2
O, respectively, are given by

V
m
(H

2
O) = 18 cm3/mol and V

m
(2H

2
O) = 36 cm3/mol.

The above-mentioned examples clearly show the importance of specification of

elementary entities in the mole.
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ÌÎË È ÍÅÎÁÕÎÄÈÌÎÑÒÒÀ
ÎÒ ÎÏÐÅÄÅËßÍÅ ÍÀ ×ÀÑÒÈÖÈÒÅ

Â ÊÎËÈ×ÅÑÒÂÎÒÎ ÂÅÙÅÑÒÂÎ

Ó÷åíèöèòå ïîä ìîë êàòî ôèçè÷íà âåëè÷èíà ðàçáèðàò íàé-÷åñòî èëè áðîé
÷àñòèöè, èëè ìàñà íà âåùåñòâîòî. Åäíà îò ïðè÷èíèòå çà âúçíèêâàíåòî íà
êîíöåïòóàëíè òðóäíîñòè ïðè óñâîÿâàíåòî íà òàçè ìàòåðèÿ å íåäîñòàòú÷íîòî
âíèìàíèå îò ñòðàíà íà ó÷èòåëèòå çà îïðåäåëÿíå íà âèäà ÷àñòèöè, êîèòî
èçãðàæäàò âåùåñòâîòî. Òàçè ðàáîòà ïðåäëàãà ïúò, ïî êîéòî òåçè òðóäíîñòè
ìîãàò äà áúäàò ïðåîäîëåíè.
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