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Abstract. The definition of the mole in SI can be expressed as: 1 mol is

equal to the product of N and na(B), where N is the number of atoms in 0.012 kg

of carbon-12, and na(B) is �chemical amount� (or �amount of substance�) for a

single elementary entity B. This paper suggests that na(B) is a key concept for

understanding the mole: na(B) for all chemical substances remains the same;

the amount of a chemical substance becomes smaller if the elementary entities

are grouped; the inverse of na(B) is the Avogadro constant. The suggested pro-

cedure could help to reduce students� confusion about the mole being a num-

ber counting unit.

Introduction
Thoughtful students taking introductory chemistry courses may ask their

teachers the following question with regard to the mole in SI.

Q 1: Is there �amount of substance� for a single elementary entity?

The definition [1] of the mole in SI is as follows: �The mole is the amount
of substance of a system which contains as many elementary entities as there
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are atoms in 0.012 kg of carbon-12. 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.� The number in strong relation
to the expression � . . . as many elementary entities as� has been measured [1] as
6.02 . . . x 1023; let the said number be N hereafter. One mole of any chemical
substance is composed of N elementary entities, and �chemical amount� has the
extensive (additive) property [2]. Thus, Q 1 inquires as to the minimal value of
chemical amount.

The second part of the above-mentioned SI definition specifies elemen-
tary entities in a given chemical substance, and may lead students to ask an-
other question relating to the mole as �chemical amount�.

Q 2: Does the mole itself need specification?

This contribution provides some answers for students.

The Mole in Mathematical Form
Let ma(12C) be the mass of a single elementary entity carbon-12, and let

m(12C) be the total mass of a chemical substance that is made up of carbon-12.
Counting elementary entities in the substance, as one, two, three, . . ., leads to
the expression:

m(12C) = x x ma(12C) (1)

where x is the number of elementary entities. The counting procedure also gives
the amount n(12C) of chemical substance:

n(12C) = x x na(12C) (2)

Here na(12C), which is discussed below in detail, stands for �chemical
amount� for a single atomic carbon-12. Equations (1) and (2) are both in the
form of a legitimate physical quantity [3]; i.e., a physical quantity is equal to the
product of a numerical value and a unit. This paper deals with Eqs. (1) and (2)
as keys for understanding the concepts of �chemical amount� and the mole.

Let us express mathematically the definition of the mole in SI using Eqs.
(1) and (2). Firstly, the left-hand side of Eq. (1) is set as 0.012 kg, and then the
numerical value is denoted as N. Secondly, x in Eq. (2) is set as N, and then the
left-hand side is replaced with mol.

0.012 kg = N x ma(12C)  (3)

    mol = N x na(12C)  (4)

Both 0.012 kg and ma(12C) are, of course, physical quantities. Equation (4)
means that the mole can be measured in terms of the �unit� na(12C) to get the
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numerical value N. One can say by means of Eq. (4) that if the mole is a number
or a number counting unit, then na(12C) is a number, and vice versa. McGlashan
[4,5], however, noted that the mole in SI is not a number counting unit, and that
�amount of substance� (or �chemical amount�) is a physical quantity.

The Kind-Independence of and Grouping of Elementary Entities
Several laws [6] in classical physical chemistry are based on a property,

called colligative, of chemical substance. For example, the depression of freez-
ing point in dilute solution is proportional to the number of solute entities, i.e.,
to the total amount of elementary entities. This implies that �chemical amount�
for a solute is independent of the kind of chemical substance.

na(B) = na(12C) = na (5)

Here B indicates any elementary entity, so that na is independent of B;
then the second equality in Eq. (5) holds. Reading again carefully the definition
of the mole in SI shows that Eq. (4) is not correct; na(12C) in Eq. (4) should be
read as na(B) or as na. In other words, the mole in SI needs no specification of
elementary entities.

Let us consider, for example, a stoichiometric equation:

2H2 + O2 = 2H2O

Using Eq. (5), one has Eq. (6). When a stoichiometric equation occurs
once, it may also occur any number of times; this gives Eq. (7). Similarly, Eq.
(5) leads to Eq. (8).

na(2H2) = na(O2) = na(2H2O)  (6)

 n(2H2) = n(O2) = n(2H2O)  (7)

n(H2)/2 = n(O2)/1 = n(H2O)/2              (8)

In general, for a chemical substance whose elementary entity is B, the
choice of a new elementary entity y x B gives the amount balance [7] as

n(B)/y = n(y x B) (9)

New Definition of �Amount of Substance�
Chemistry teachers can now choose Eq. (5) as the starting point in teach-

ing �chemical amount� and the mole. A new definition of �chemical amount� for
school chemistry is as follows [8]: �chemical amount� for a single elementary
entity is the same for every elementary entity, even if they are different in kind;
and �chemical amount� of a system which contains elementary entities is equal
to the summation of the amounts of the elementary entities. Here x(B) is the
number of elementary entities.
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n(B) = na + na + . . . + na = x(B) x na (10)

�Chemical Amount� and a Single Elementary Entity
Equation (9) implies that the amount of a chemical substance becomes

smaller if the elementary entities are grouped, and hence that �chemical amount�
for a single elementary entity is minimal in a given chemical substance. Equa-
tion (5) says that �chemical amount � for all the elementary entities remains the
same. Combining Eqs. (5) and (9), one can state that na is minimal in the di-
mension of �chemical amount�. This physical quantity has been measured [1] in
terms of the mole as

na = 1 mol/N = 1/NA = (1/6.02 . . . ) x 10-23 mol                           (11)

Equation (11) indicates that if the Avogadro constant NA is a physical quan-
tity, then both na and mol are physical quantities. McGlashan [4] has stated
that �There are good reasons why the chemist needs the mole as a dimension-
ally independent unit; Avogadro�s constant has an accepted value which has
frequently been changed and can never be known exactly�.

Conclusion
The procedure suggested for answering students� questions clarifies and

underlines the importance of na, �chemical amount� or �amount of substance�
for a single elementary entity, which is the inverse of the Avogadro constant.
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ÊÎËÈ×ÅÑÒÂÎ ÂÅÙÅÑÒÂÎ È ÌÎË

Ðåçþìå. Íà êðèòèêà å ïîäëîæåíà ïðåïîðú÷àíàòà îò ÈÞÏÀÊ äå-
ôèíèöèÿ íà ìîë. Òàçè ðàáîòà ïðåäëàãà íîâà ãëåäíà òî÷êà ïî âúïðîñà
çà îïðåäåëÿíåòî íà ìîë è êîëè÷åñòâî âåùåñòâî. Ïðåäëîæåíàòà
ïðîöåäóðà ùå ìèíèìèçèðà òðóäíîñòèòå íà ó÷åíèöèòå â óñâîÿâàíåòî
íà òàçè ñëîæíà ìàòåðèÿ.

* Professor Tetsuo MORIKAWA
Department of Chemistry,
Joetsu University of Education,
Joetsu 943-8512, Japan;
morikawa@juen.ac.jp

* Professor Brian T. Newbold
Department of Chemistry and Biochemistry,
Université de Moncton, Moncton,
N.B., E1A 3E9, Canada



436

Õèìèÿ, ãîä. ÕIII, êí. 6 (2004) Chemistry, Vol. 13, Iss. 6 (2004)

Áèîëîãèÿ
 è õèìèÿ

ÄÂÓÌÅÑÅ×ÍÎ

ÍÀÓ×ÍÎ-

ÌÅÒÎÄÈ×ÅÑÊÎ

ÑÏÈÑÀÍÈÅ

ÎÐÃÀÍ ÍÀ

ÌÈÍÈÑÒÅÐÑÒÂÎÒÎ

ÍÀ ÍÀÐÎÄÍÀÒÀ

ÏÐÎÑÂÅÒÀ

È ÖÊ ÍÀ ÑÚÞÇÀ ÍÀ

ÁÚËÃÀÐÑÊÈÒÅ

Ó×ÈÒÅËÈ

� Ïðåäè 20 ãîäèíè �
� 20 Years Ago �

Ãîäèíà XXVII
Êí. 6 (1984)

Ðåäàêöèîííà êîëåãèÿ:
Ñò.í.ñ. Â. Áîçàðîâ
(ãëàâåí ðåäàêòîð),
Í. Òþòþëêîâ, Å. Àâðàìîâà,
À. Ïåíåâ, Ñ. Êîæóõàðîâ,
Â. Íèêèôîðîâ, Æ. Ãàíåâ, Ë.
Ãåíêîâà, Ï. Ãàíåâ,
À. Âàñèëåâà, Ð. Èëèåâà,

Ñ. Áåíåâà

Ñ Ú Ä Ú Ð Æ À Í È Å

ÍÀÓÊÀ È ÏÐÎÈÇÂÎÄÑÒÂÎ:
Þ. Ìàðäàøîâ, Ë. Ëåîíîâà. Êëàñòåðèòå â õèìèÿòà
Ë.Ï. Êîìèíêîâ. Ïåíèöèëèíè è ìèêðîîðãàíèçìè

ÌÅÒÎÄÈÊÀ ÍÀ ÎÁÓ×ÅÍÈÅÒÎ È ÎÁÌßÍÀ ÍÀ ÎÏÈÒ:
Õ. Éîíîâà, Á. Êîñòîâà. Èçïîëçâàíå íà ÐÅÌÑ â óðîöèòå ïî õèìèÿ
Ñ.Ä. Ìèðîâà, Ð. Èâàíîâà. Ðîëÿòà íà îáîáùàâàùèòå óðîöè çà îñìèñ-
ëÿíå, îáîáùàâàíå è çàòâúðäÿâàíå íà îñíîâíèòå îáùîáèîëîãè÷íè ïî-
íÿòèÿ
Å. Éîíêîâà. Ðàçâèâàíå íà ïîçíàâàòåëíèòå èíòåðåñè íà ó÷åíèöèòå
÷ðåç îáó÷åíèåòî ïî áèîëîãèÿ â øåñòè êëàñ
Ë. Ìàðêîâà. Íà óðîê ïî õèìèÿ ñ ÈÌÊÎ � 2
Ä. Ëàìáðåâà. Îñúùåñòâÿâàíå íà ïîëèòåõíè÷åñêèÿ ïðèíöèï íà îáó-
÷åíèå â óðîêà �Êóëòóðíè åêîñèñòåìè� â ñåäìè êëàñ
À. Êðúñòåâ, Ì. Ïàâëîâà. Ñúñòàâÿíå è îíàãëåäÿâàíå íà èç÷èñëèòåë-
íè çàäà÷è ïî õèìèÿ ÷ðåç èçïîëçâàíå íà ìîðôîëîãè÷åí àíàëèç
Ï. Ãàíåâ. Ïîëîâîòî âúçïèòàíèå è ïðîñâåòà � åäèí îò îñíîâíèòå ôàê-
òîðè â ïîäãîòîâêàòà íà ó÷àùèòå ñå çà ñåìååí æèâîò

ÈÇÂÚÍÊËÀÑÍÀ ÐÀÁÎÒÀ:
È. Êàäèåâ, Ã. Õðèñòîâ. Ôîñèëíîòî íàõîäèùå ïðè ìîñòà íà ðåêà Âèò
ïîä ñåëî ßñåí, Ïëåâåíñêî

Ó×ÅÁÍÈ ÎÏÈÒÈ È ÄÅÌÎÍÑÒÐÀÖÈÈ:
Ã. Ñòàìåíîâ, Ö. Ìàðèíîâ. Àïàðàòóðà çà ïîëó÷àâàíå íà ñÿðíà êèñå-
ëèíà

ÍÀØÈ ÇÀÂÎÄÈ:
Ò. Äèìèòðîâ. Ñòîïàíñêè îëîâíî-öèíêîâ êîìáèíàò �Ã. Äèìèòðîâ� �
Êúðäæàëè

ÈÇ ÈÑÒÎÐÈßÒÀ ÍÀ ÍÀÓÊÀÒÀ È ÎÁÓ×ÅÍÈÅÒÎ:
Ï. Ïåòðîâ. Õèìèêúò è ó÷èòåëÿò ä-ð Èâàí Ìúðêâè÷êà
Ïðîô. ä-ð Äèìèòúð Òàøåâ (1927-1984)

ÈÍÔÎÐÌÀÖÈß È ÑÚÎÁÙÅÍÈß:
À. Òúðñàíêîâà. 25 ãîäèíè òåõíèêóì ïî èíäóñòðèàëíà õèìèÿ �Ïðîô.
ä-ð Àñåí Çëàòàðîâ� Ñîôèÿ
Ö. Àòàíàñîâà. Èç ìåòîäè÷íàòà ðàáîòà ïî áèîëîãèÿ â ãîðíèÿ êóðñ
À. Ïåíåâ. Îñìè ìåæäóíàðîäåí ñèìïîçèóì ïî äèäàêòèêà íà õèìèÿòà
â ñîöèàëèñòè÷åñêèòå ñòðàíè


