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Foreword

ISO (the International Organization for Standardization) is a worldwide
tederation of national standards bodies (ISO member bodies). The work of
preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which
a technical committee has been established has the right to be represented
on that committee. International organizations, governmental and non-
governmental, in liaison with 1S0O, aiso take part in the work. (SO
collaborates closely with the International Electrotechnical Commission
(IEC}) on all matters of electrotechnical standardization.

Draft International Standards adopted by the techmical committees are
circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting
a vote.

Amendment1 to parts 1 to 10, 12 and 13 of International Standard
ISO 31:1992 was prepared by Technical Commitiee ISQ/TC 12, Quantifies,
units, symbols, conversion factors.
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AMENDMENT 1

Page v
Replace subclause 0.3.2 with the following text:
0.3.2 Remark on units for quantities of dimension one

The coherent unit for any quantity of dimensicn cne is the number one, symbol 1. When the value of such a quantity
is expressed, the unit symbol 1 is generally not written out explicitly.

EXAMPLE
Refractive index r=1,53x1=1,53

Prefixes shall not be used to form multiples or submultiples of this unit. Instead of prefixes, powers of 10 may be
used.

EXAMPLE
Reynolds number Re = 1,32 x 103

Considering that plane angle is generally expressed as the ratic of two lengths and solid angle as the ratio of two
areas, in 1995 the CGPM has specified that, in the International System of Units, the radian, rad, and the steradian,
sr, are “dimensionless” derived units. This impiies that the quantities plane angle and solid angle are censidered as
derived guantities of dimension one. The units radian and steradian may be omitted, or they may be used in
expressions for derived units to facilitate distinction between quantities of different nature but having the same
dimenston,
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Foreword

SO (the Internaticnal Organization for Standardization) Is a worldwide
federation of national standards bodies {ISO member bodies). The work
of preparing International Standards is normally carried out through 1SO
technhical committees, Each member body interested in a subject for
which a technical committee has been established has the right to be
represented on that committee. International organizations, governmental
and non-governmental, in liaison with SO, also taks part in the work. 1SO
collaborates closely with the International Electrotechnical Commission
{IEC) en all matters of electrotechnical standardization.

Draft Internaticnal Standards adopted by the technical committess are
circulated to the member hodies for voting. Publication as an International
Standard requires approval by at least 76 % of the member bodies casting
a vote,

International Standard 1SO 31-8 was prepared by Technical Committee
ISQ/TC 12, Quantities, units, symbols, conversion factors.

This third edition cancels and replaces the second adition
(ISO 31-8:1980}. The major technical changes from the second edition are
the following:

— the decision by the International Committee for Weights and Measures
{Comité International des Poids et Mesures, CIPM) in 1980 concerning
the status of supplementary units has been incerporated;

— a number of new items have been added;
— 5 number of new chamical elements have been added in annex A.

The scope of Technical Committee ISO/TC 12 is standardization of units
and symbols for guantitles and units (and mathematical symbols) used
within the different fields of science and technology, giving, where
necessary, definltions of these quantlties and units. Standard conversion
factors for converting between the varicus units also ¢ome under the
scope of the TC, In fulfilment of this responsibillty, 1ISG/TC 12 has pre-
pared 1SO 31,
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ISO 31 consists of the following parts, under the general title Quantitias
and units:

— Part 0: General principles

— Part 1: Space and time

— Part 2: Periodic and related phenomena

— Part 3: Mechanics

— Fart 4: Heat

~~ Part 5: Electricity and magnstism

— Part &: Light and refated efectromagnetic radiations
— Part 7: Acoustics

— Part 8: Physical chemistry and molecular physics
— Part 9: Atomic and nuclear physics

— Part 10: Nucisar reactions and ionizing radiations

— Part 11: Mathematical signs and symbols for use in the physical
sciences and technology

— Part 12: Characteristic numbers

— Part 13: Solid state physics
Annexes A, B and C form an integral part of this part of ISO 31.
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The SI units and their decimal muitiples and sub-multiples are rec-
ommended, although the decimal multiples and sub-multiples are not
explicitly mentioned.

b} The names of non-Sl units which may be used together with Si units
because of their practical importance or because of their use in
specialized fields are given in normal print (text size).

These units are separated by a broken line from the Sl units for the
guantities concerned.

¢) The names of non-Sl units which may be used temporarily together
with St units are given in small print {smaller than text size} in the
“Conversion factors and remarks” column.

d) The names of non-S! units which should not be combined with S units
are given only In annexes in some parts of ISO 31. These annexes are
informative and not integral parts of the standard. They are arranged in
three groups:

1) special names of units in the CGS system:

2) names of units based on the foot, pound and second and some
other related units;

3} names of other units.

0.3.2 Remark on units for quantities of dimension one

The coherent unit for any quantity of dimension one is the number one {1).
When the value of such a quantity is expressed, the unit 1 is generally not
written out explicitly. Prefixes shall not be used to form multiples or sub-
multiples of this unit. Instead of prefixes, powers of 10 may be used.

EXAMPLES

Refractive index n=1,63%x1=1,53
Reynolds number Re = 1,32 x 10°

Considering that plane angle is generally expressed as the ratio between
two lengths, and solid angle as the ratio between an area and the square
of a length, the CIPM specified in 1980 that, in the International System
of Units, the radian and steradian are dimensicnless derived units. This
implies that the quantities plane angle and solid angle are considered as
dimensionless derived quantities. The units radian and steradian may be
usad in expressions for derived units to facilitate distinction betwesn
quantities of different nature but having the same dimension.

0.4 Numerical statements

All numbers in the *Definition” column are exact.

When numbers in the "Conversion factors and remarks” column are ex-
act, the word "exactly” is added in parentheses after the number.
0.5 Special ramarks

In this part of 1SO 31, symbols for substances are shown as subscripts,
for example cg, wy, pg.
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Generally it is advisable to put symbols for substances and their states in
parentheses on the same line as the main symbol, for example
C(H2804).

The superscript * is used to mean "pure”. The superscript © is used to
mean “standard”

EXAMPLES

V.o(K2SQy, 0,1 mol - dm™2 in H,0, 25 *C)
for molar volume.
(HQO g, 208,156 K)=33,68 J . K=+ mol™!
for standard molar heat capacity at constant pressure.

In an expression such as ¢g = xBVm B;‘ExAVm A Where pg denotes the vol-
ume fraction of a particular substance B in a mixture of substances A, B,
G, ... where x, denotes the mole fraction of the substance A and Vy, 4 the
moiar volume of the pure substance A, and where all the molar volumes
Vs VinB: Vince - @r6 taken at the same temperature and pressurs the
summation on the rlght-hand side is that over all the substances A, B

.. of which a mixture is composed, 30 that Zx, = 1.

The names and symbols of the chemical elerments are given in annex A.

Vi
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Quantities and units —

Part 8:

Physical chemistry and molecular physics

1 Scope

This part of ISO 31 gives names and symbols for
quantities and units of physical chemistry and
melecular physics. Where appropriate, conversion
factors are also given.

2 Normative references

The following standards contain provisions which,
through reference in this text, constitute provisions
of this part of ISC 31. At the time of publication, the
editions indicated were valid. All standards are subject
to ravision, and parties to agreements hased on this
part of ISO 31 are encouraged to investigate the

possibility of agplying the most recent editions of the
standards indicated below. Members of IEC and ISO
maintain registers of ocurrently valid Internationa!
Standards.

IS0 31-4:1992, Quantities and units — Part 4: Hear

(SO 31-9:1892, Quantities and units — Part 9: Atomic
and nuclear physics.

3 Names and symbols

The names and symbols for quantities and units of
physical chemistry and molecular physics are given
on the following pages.



1} CODATA Bulletin 63 {1986},

substance.,

V., =Vin

ISO 31-8:1992(E) © SO
PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS Quantities
Ilt,:: Quantlty Symbol Definition Remarks
8-1.1 relative atomic A Ratio of the average mass per | EXAMPLE
mass atom of an slement to 1/12 of A, (Cl) =35,453
the mass of an atom of the Formerly called atomic weight.
nuclide *C
B81.2 relative molecular M, Ratio of the average mass per | Formerly called molscuiar
mass molecuie or spacified entity of | weight,
a substance to 1/12 of the The relative atornic or molecu-
mass of an atom of the nuclide | lar mass depends on the
120 nuclidic eomposition,
g2 number of N Number of molecules or other
motlecules or other elementary entities in a system
elementary
entities
83 amount of n, () Amount of substance is one of
substance the: base guantities on which
the Sl is based.
v may be used as an alternative
10 n when n is used for numher
denslty of particles {ses
8-10.1%
84 Avogadroe constant | L, N, Number of moleculas divided Ny = (6,022 136 7 -+
by amount of substance. 0,000 003 6) x 10% mol™"
N, =Nin
1) CODATA Bulletin 83 (1986).
85 rmeolar mass M Mass divided by amount of m is the mass of the substance,
substance.
M=mjin
86 molar volume Vin Volume divided by amount of The molar volume of an ideal

gas at 273,16 K and
101,325 kPa is

Vo = (0,022 414 10 #
0,000 000 19) m%mol "
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Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS

lem International
No Name of unlt symbhaol for Definition Conversion factors and remarks
’ unit
818 one 1 See the introduction, subclause
0.3.2.
B8-2.a one 1 Ses the introduction, subclause
0.3.2,

8-3.a mole mol The mole is the amount | Tha definition applies to unbound at-
of substance of a system | oms of carbon 12, at rest and in their
which contains as many | ground state,
elementary entities as
there are atoms in 0,012
kilogram of carbon 12,

When the mole is used,
the elementary entities
must be specified and
imay be atoms, mol-
ecules, ions, electrons,
other particles, or speci-
fied groups of such par-
ticles
8-4.a |reciprocal mole, |mol™
mole to the
power minus
one
85.a | kilogram per kg/mol M=10"%M, kgfmol =
mole M, kgikmol = M, g{mol
" where M, is the relative molecular
mass of a substance of definite
chemical composition.
8-8.a | cubic metre per | m*/mol

mole
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued) Quantities
';f:’ Quantity Symbol Definition Remarks
87 molar U, Thermodynemic energy divided | This quantity is also called
thermodynamic by amount of substance. moelar internal energy.
aenergy See IS0 314,

Uy =Uln Similar definitions apply to
other molar thermodynamic
functions, for example
Heoe A G

88 melar heat capacity | C,, Heat capacity divided by See [SO 31-4.
amount of substance.

Cn=Cln

89 molar entropy S Entropy divided by amount of See IS0 314,
substance.

8= 38/n

8-10.1 | volumic humber of | n Number of molscules or par-
molecules (or ticles divided by volums,
particles),
number density of n=NjV
molecules (or
particles)
8-10.2 | molecular Cy Number of molecules of B div-
concentration of B ided by the volume of the mix-
ture
811.1 | volumic mass, 0 Mass divided by volume
mass density,
density
8-11.2 | mass concentration | gga Mass of B divided by the vol-
of B ume of the mixture
812 mass fraction of B | wy Ratio of the mass of B to the
mass of the mixture
8-13 concentration of B, { ¢g Amount of substance of B div- | Iff chemistry also indicated as
amount-of-substance ided by the volume of the mix- | [B].
concentration of B ture
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Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continueqd)
ltem International
Name of unit symbol for Definition Conversion factors and remarks
No. unit
8-7.a jouie per mole Jimol For the various types of calorie, see
ISC 31-4:1992, annex B.
88.a | joule per mole Jf{mol - K)
kelvin
89.2a | joule per mole J{{mol - K)
kelvin
810.a | reciprocal cubic m?
metre,
metre to the
power minus
three
8-11.a | kilogram per kgim?®
cubic metre
8-11.b | kilogram per litre | kg/l, ko/L 1 kgfl = 10° kgfm® = 1 kgfdm®
The symbol L was adopted by the
CGPM {1979} as an alternative to |
for the litre.
812a | one 1 See the introduction, subclause
0.3.2.
8-13.2 [ mole per cubic moljm®
meatre
8-13b | mole per litre mol/l, 1 molfl = 10° moljm® = 1 moljdm®
mol/L
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued) Quantities
item Quantity Symbol Definition Remarks
8-14.1 | mole fraction of B | x5, {35} Ratio of the amount of sub- Alternative names for these
(8-15.1) stance of B to the amount of quantities are "amount-of-
substance of the mixture substance fraction” and
“amount-cf-substance ratio"
814.2 | mole ratio of solute | rg Ratio of the amount of sub- respectively. )
(87152 | B stance of B to the amount of | For a one-solute solution,
substance of the solvent sub- | 7 =#/(1—4%)
stance
8-15 volume fraction of | g For a mixture of substances, An alternative definition in
(6-14.7)| B PR which the molar volumes Vi, 4

of the pure substances A are
replaced by the partial molar

volumes {dV(on)y,,,... of the
substances A is also used,

g2
i ZxaVma

where the ¥}, 5 are the molar
volurmes of the pure sub-
stances A at the same tem-
perature and pressure and
whare I denctes summation
over all the substances

816 molality of solute B | by, mg Amount of substance of solute
B in a solution divided by the
mass of the solvent

817 c¢hemical potential ig For a mixture of substances B, | For a pure substance,
of B C .. p=Ghn=0G,
where G, is the molar Gibbs
pg = (G/ong)r ... function,

The symbol g is also used for
the quantity G,/Na, whera N, is
the Avogadro constant,

where ng is the amount of sub-
stance of B and G is tha Gibbs

funetion
218 absolute activity of | g 2g = exp{up/RT) For R, see 838, Tis the
B thermodynamic femperaturs,
819 partlal pressura of | pg For a gaseous mixture,
B {in a gaseous
mixture) Pp=Xg*p
where p is the pressure
820 fugacity of B{ina | pa, () For a gaseous mixture, pg is Pa=2Ag- Iimo(xgpfxg)
gaseous mixture) proportionsl to the absclute ac- p=

tivity g, the proportionality fac-
tor, which is a function of
temperature only, being deter-
minad by the condition that at
constant temperature and com-
position pafpg tends to 1 for an
infinitaly dilute gas
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Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS {continued)
item Internationai _
No MName of unit symbol for Definition Conversion factors and remarks
: unit
8-14.a | one 1 See the introduction, subclause
03.2
815.a | ong 1 See the introduction, subclause
0.3.2.
816.2 | mole per molikg
kilogram
817.a | joule per mole Jimol
818.a | one 1 See the intraduction, subclause
0.3.2.
8194 | pascal Pa
8-20.a | pascal Pa
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solute B
{ospecially in a
dilute liquid
solution)

activity Ag, the proporticnality
factor, which is a function of
temperature and pressure only,
baing dstermined by the con-
dition that at constant tempera-
ture and pressure g divided by
the molality ratio my/m® tends
to 1 at infinite ditution; m® is a
standard molslity, usually

1 molfky

PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued) Quantities
l;?:' Quantity Symbho! Definltlon Remarks
8-21 standard absolute g A3 = (pe,‘xg) ‘ Iimo().B/p) This quantity is a function of
activity of B {in a 0. temperaturo only.
ure, usually 101,326 kPa
B-22.1 | activity coefficient | f For a liquid mixture, The name “activity factor”
of B {in a liquid or . would be more systematic.
a solid mixture) Ja = Ag/{Apxa)
where Ay is the absolute activity
of the purs substance B at the
same temperature and press-
ure
8-22.2 | standard absclute | A5 Ag =28 (pe) This quantity is a function of
activity of B {in a temperature only.
ligquid or a solid
mixture}
8-23 activity of solute B, | ag, 4,,p For a soluta B in a solution, a g fm®
relative activity of is proporticnal to the abhsolute | @ =4z 'Z"Lim ) H%;—
J\_.

The quantity g, similarly de-
fined in terms of the concen-
tration ratio cz/c® is also called
the activity or relative activity
of solute B; ¢° is a standard
congentration, ususlly

1 molidm?,

a
X ¢gle

dp=2Age lim —5

cB 7B o0 A
where Z denotes summation
over all the solute substances.
The subscript ¢ in 4,5 is often
omitied.
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Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)
it International
h?:' Name of unit symbol for Definitlon Conversion factors and remarks
) unit
B8-21.a | one 1 See the introduction, subclause
0.3.2.
8-22.a | one 1 Sea the introduction, subclause
0.3.2
8-23.a | one 1 See the introduction, subclause
0.3.2.
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)

Quantities

Item

No. Quantity

Symbol

Definition

Remarks

8-24.1 | activity coefficient
of solute B
{especially in a
dilute liguid
solution}

standard absolute
activity of solute B
{especially in &
dilute liquid
solution}

¥B

For a solute in a solution,
@

‘}l =
8 mufme

For a sclute B in a solution,
e _ oy o
A3 = lim | [ha (p°)rimg]

where ¥ denotes summation
over all solutes

The name activity coefficient of
solute B is also used for the
quantity yg defined as

4p
g =

cale®

See itam 8-23.

The nama “activity factor”
would be more systematic.

This quantity is a function of
temperatura only.

number of B

oceurring in the expression for
a chemical reaction: O = ZvghB,
whera the symbol B indicates
the molecules, atoms or ions
involved In the reaction

8-26.1 | activity of solvent | a, For the solvent A in a solution, | @, = A,/A%

A, 4 Is equat to the ratio of the
relative activity of absolute activity A, to that, A},
solvent A of the pure solvent at the same
{especially In a temperature and pressure
dilute liguid

solution}

8-26.2 | osmotic coefficient | ¢ @ = — (MpaZmg) ™" In @y The name “osmotic factor”
of solvent A . would be more systematic,
(especially in a where M, is the molar mass of
dilute liquid the solvent A and where X de-
solution) notes summation over all the

sclutes

8-26.3 | standard absolute 12 For the solvent A in a solution, | This quantity is a function of
activity of solvent temperaturse only.
A {ospecially in a A= RR(PB) Y
dilute liquid
soluticn}

8-26 osmotic pressure n Excess pressure required to

mairitain osmaotic equilibrium
betwean a solution and the
pure solvant separated by a
membrane permeabls only to
the solvent
8-27 steichiometric vy Numbers or simple fractions By conventicn, the

stoichiometric numbers for
reactants are negative and
those for products are positive.

10
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Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)
Hem {nternational
No Name of unit symbol for Definition Conversion factors and remarks
) unit
8-24.a | one 1 See tha intreduction, subclause
0.3.2.
8-25.a {one 1 See the introduction, subclause
03.2,
8-26.a | pascal Pa
8278 {one 1 See the introduction, subclause
0.3.2.

11
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)

Quaniities

Item
No,

Quanthy

Symbol

Dafinltlan

Rematrks

828

affinity {of a
chemical reaction}

A

A= — Zvgiig

If A is used as symbof for
Helmholtz free energy, an italic
bold-face 4, sans serif A or
script £ is often used as sym-
bol for affinity.

8-29
(—

extent of reaction

dng =15 df

where ng is the amount of sub-
stance of B

8-30
(8-29.1)

standard equilibrium
constant

For a chemical reaction, K® is
the product [Tg (RS) s

This guantity is a function of
temperature only.
Other "equilibrium constants”
depend on temperature and
prassura.
EXAMPLES _

K =TI (fp)™ for gases,

K¢ = TTp(xgfy)™ for mixtures

and

K, = T1g(ag)"™ for solutions,
Others depend on temperature,
pressure and composition,
EXAMPLES

K, = [1p(ps)™ for gases,

K, = TIn{xg)"™ for mixtures

and

Ky = ]._.[B("'”B)v3

or

K, = TTa{cg)™ for solutions.
Some of them (K, K, K,,, K.)
are not always of dimension
ane {dimensioniess). Similarly,
the standard “solubility
product” of a solution saturated
by an electralyte C,A, is the
guantity of dimension ong
K° B mp,"me X+y
where m is the molality and ¥
the activity coefficient of C,A,
in the solution, and m® is a
standard molality, usuaily

1 mol/kg.

8-31
{8-30.7)

mass of molecule

m = M, m,
whare m, is the (unified) atomic
mass constant.

For m, see ISO 31-9.
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o SO ISO 31-8:1992(E)
Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)
[tem International
No Name of unit symbol for Definition Conversion factors and remarks
) unit
8-28.a | joule per mole Jimol
8-29.a | mole mol
8-30.2 | one 1 See the introduction, subclause
0.3.2.
8-31.a | kilogram kg
8-31,b | unified atomic u 1u=m("C)j12 1u=(1,6605402 +
mass unit 0,000 001 0) x 10 * kg V
See ISO 31-9.
1} CODATA Bulletin 83 (1986).
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iSO 31-8:1992(E) o SO
PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continuec) Quantities
ftom Quantity Symbol Pefinition Remarks
8-32 slestric dipole Pi Vactor quantity, the vector
{8-31.7} [ moment of product of which with the elec-
molecule fric fisld strength is equal to the
torque.
pxE=T
8-33 glectric polarizability | « Induced elactric dipole moment | y is alsc used.
(8-32.1) | of molecule divided by electric field strength
8-34.1 | microcanonical Ky =31 S=*klnQ
(8-33.7T} | partition function . where § is the entropy.
where the sum is over all
quantum states consistent with
given energy, volume, external
fields and content
8-34.2 | canonical partition 0,z Z =73, oxp(—EkT) For k see 8-37.
{8-33.2y| function ) A=—=iTInZ
where the sum is overall | \whaere A Is the Helmholtz free
quantum states consistent with | gnergy.
given volums, external fields
and content, and whera E, is
the energy of the rth quantum
state
8-34.3 | grand-canonical g == A~ Lughg=~kT'In &
(8-32.3) 1 partition function, Z(Ny, Nos ) . where ug is the chemical po-
grand partition (Na Npo wc) * 2a*» 2500 oo tential of B.
function P N o
where Z{Ny, Ng, ...) is the
canonical partition function for
given numbers of particles A,
B, .., and A,, 4g, ..., are the
absolute activities of particles
A B, ..
8-34.4 | molacular partition | g g = I; exp(—ekT)
(8-33.4) | function, i
partition function of wherg ¢ is the enargy of the
a molecule ith allowed quantum state of
the molecule consistent with
given volume and external
fislds
8-36 statistical weight g Multiplicity {degeneracy) of
{8-34.1) quantum energy level
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© 1SO ISO 31-8:1992(E}
Units PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS (continued)
It international
nf(:n Name of unit symbol for Definition Conversion factars and remarks
' umit -
8-32.2 | coulomb metre C.m The Gaussian CGS unit of electric dipole
moment of a molecule corresponds to
3,336 641 x 107%C.m
833.a | coulomb metre C.m3NV The Gaussian CGS unit of palarizability
of a molecule equal to 1 em® corre-
squared per volt sponds to
1,112 650 x 107" C - m*v
834.a | one 1 See the introduction, subclause
0.3.2.
8-35.8 | one 1 See the intreduction, subclause
0.3.2.
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