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Foreword

ISO (the International 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 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-govern
Electrotech

Internationg
The main t
adopted by

Internationg

Attention is
rights. ISO

ISO 80000-

mental, in Tiaison with ISO, also take partin the work. TSO collaborates closely with the Tniernati
nical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
sk of technical committees is to prepare International Standards. Draft International Stand
the technical committees are circulated to the member bodies for voting:-Publication as

| Standard requires approval by at least 75 % of the member bodies casting @vote.

drawn to the possibility that some of the elements of this documen} may be the subject of pg
Shall not be held responsible for identifying any or all such patent rights.

O was prepared by Technical Committee ISO/TC 12, Quantities.and units.

This first eglition of 1SO 80000-9 cancels and replaces ISO 31-8:1992. It also incorporates the Amendn

bnal

ards
an

tent

hent

ISO 31-8:1992/Amd.1:1998. The major technical changes from the, previous standard are the following:
— the pregentation of Numerical statements has been changed;

— the Normative references have been changed;

— some ngw items have been introduced;

— some new chemical elements have been introduced in Annex A;

— Annex € on pH has been revised and given a completely new text.

ISO 80000 ronsists of the following parts,~under the general title Quantities and units:

— Part 1: General

— Part 2: Mathematical signs and"symbols to be used in the natural sciences and technology
— Part 3: pace and time

— Part 4: Mechanics

— Part 5: Thermodynamics

— Part 7: Light

— Part 8: Acoustics

Part 9: Physical chemistry and molecular physics
Part 10:
Part 11:
Part 12:

Atomic and nuclear physics
Characteristic numbers

Solid state physics

IEC 80000 consists of the following parts, under the general title Quantities and units:

— Part 6: Electromagnetism

— Part 13:
— Part 14:

Information science and technology

Telebiometrics related to human physiology

© ISO 2009 — All rights reserved
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roduction

Arrangements of the tables

9:2009(E)

The tables of quantities and units in this International Standard are arranged so that the quantities are

pres

All
line

Where the numbering of an item has been changed in the revision of a part ofISO 31, the nu

preg
isu

0.2

The

Stapdard are given together with their symbols and, in most cases, their definitions. These names ¢

are
Qus

The
defi

Inm
orn

When two types of italic letters exist (forexample as with 1 and 6; o and ¢; aand a; g and g) only ¢

is g
sho
use

In this English edition,.the quantity names in French are printed in an italic font, and are precede

gen
the

0.3

ented on the left-hand pages and the units on the corresponding right-hand pages.

nits between two full lines on the right-hand pages belong to the quantities between the corres
5 on the left-hand pages.

eding edition is shown in parentheses on the left-hand page under the new number for the qua
5ed to indicate that the item in question did not appear in the preceding edition.

Tables of quantities

names in English and in French of the most important_quantities within the field of this |

recommendations. The definitions are given for identification of the quantities in the Internationa
ntities (ISQ), listed on the left-hand pages of the table;“they are not intended to be complete.

hitions.

hore symbols are given for one quantity and no special distinction is made, they are on an eq
ven. This does not mean that'the other is not equally acceptable. It is recommended that s|

Uld not be given different meanings. A symbol within parentheses implies that it is a reserve sy
H when, in a particular contéxt, the main symbol is in use with a different meaning.

Her of the French\name is indicated by (m) for masculine and (f) for feminine, immediately after
French name

Tables of units

ponding full

mber in the
htity; a dash

hternational
nd symbols
1| System of

scalar, vectorial or tensorial character of quantities is pointed out, especially when this is neg¢ded for the

ost cases only one name and only ong symbol for the quantity are given; where two or more names or two

ual footing.
ne of these
ch variants
mbol, to be

d by fr. The
the noun in

0.3.1 General

The names of units for the corresponding quantities are given together with the international symbols and the
definitions. These unit names are language-dependent, but the symbols are international and the same in all
languages. For further information, see the S| Brochure (8th edition 2006) from BIPM and 1SO 80000-1").

The

units are arranged in the following way:

a) The coherent Sl units are given first. The Sl units have been adopted by the General Conference on

1) To be published.

© ISO 2009 — All rights reserved
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is recommended; decimal multiples and submultiples formed with the Sl prefixes are recommended, even
though not explicitly mentioned.

Some non-SI units are then given, being those accepted by the International Committee for Weights and
Measures (Comité International des Poids et Mesures, CIPM), or by the International Organization of Legal
Metrology (Organisation Internationale de Métrologie Légale, OIML), or by ISO and IEC, for use with the SI.

Such units are separated from the Sl units in the item by use of a broken line between the Sl units and the
other units.

¢) Non-Sl units currently accepted by the CIPM for use with the Sl are given in small print (smaller than the text

size) in the “Conversion factors and remarks” column.

Non-Sl |units that are not recommended are given only in annexes in some parts of this Internati
Standafd. These annexes are informative, in the first place for the conversion factors, and are net.inte
parts of|the standard. These deprecated units are arranged in two groups:

1)
2)

Other n
annexe

bnal
gral

units in the CGS system with special names;

units based on the foot, pound, second, and some other related units.

on-S| units are given for information, especially regarding the conversion factors, in informative

5 in some parts of this International Standard.

0.3.2 Remark on units for quantities of dimension one, or dimensionless quantities

The cohere
symbol 1.
explicitly.

EXAMPLE 1

Prefixes sh
recommend

EXAMPLE 2

Considering
two areas,

dimensionlg
derived qug
omitted, or
different kin

0.4 Numerical statéments in this International Standard

The sign =
the sign :=

ht unit for any quantity of dimension one, also called a diménsionless quantity, is the number
Vhen the value of such a quantity is expressed, the unijt~symbol 1 is generally not written
Refractive indexn = 1,63 x 1 = 1,53

il not be used to form multiples or submultiples of this unit. Instead of prefixes, powers of 10
ed.

Reynolds number Re = 1,32 x 10°

that plane angle is generally expressed as the ratio of two lengths and solid angle as the rat
n 1995 the CGPM specifiedthat, in the Sl, the radian, symbol rad, and steradian, symbol sr,

ntities of dimension one. TFhe units radian and steradian are thus equal to one; they may eithe
they may be used jin‘expressions for derived units to facilitate distinction between quantitie
ds but having the same dimension.

is used:to denote “is exactly equal to”, the sign ~ is used to denote “is approximately equal to”,
is.used to denote “is by definition equal to”.

bne,
out

are

o of
are

ss derived units. This implies that the quantities plane angle and solid angle are considered as

r be
s of

and

Numerical values of physical quantities that have been experimentally determined always have an associated
measurement uncertainty. This uncertainty should always be specified. In this International Standard, the
magnitude of the uncertainty is represented as in the following example.

EXAMPLE [ =2,34782(32) m

In this example, I = a(b) m, the numerical value of the uncertainty b indicated in parentheses is assumed to
apply to the last (and least significant) digits of the numerical value a of the length [. This notation is used when
b represents one standard uncertainty (estimated standard deviation) in the last digits of a. The numerical
example given above may be interpreted to mean that the best estimate of the numerical value of the length [
(when [ is expressed in the unit metre) is 2,347 82, and that the unknown value of [ is believed to lie between
(2,347 82 — 0,00032) m and (2,347 82 + 0,00032) m with a probability determined by the standard
uncertainty 0,000 32 m and the probability distribution of the values of .

Vi © ISO 2009 — All rights reserved
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ISO 80000

Special remarks

-9:2009(E)

In this part of ISO 80000, symbols for substances are shown as subscripts, for example cg, wg, Pg-

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(H>SQy,).

The

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

EXAMPLE 1 V;, (K;SO4, 0,1 mol - dm™? in H,0, 25 °C) for molar volume.

EXA

In g
sub
Vo,
at th
B,

The

Add

peg : o T —h — P I e m e, o - > ATHressure.

n expression such as g = xgV, 5/ > x; V¥, where @g denotes the volume fraction, of

stance B in a mixture of substances A, B, C, ..., where x; denotes the amount-of-substance frac
the molar volume of the pure substance 4, and where all the molar volumes V5 o, Vi, Vinc.
e same temperature and pressure, the summation on the right-hand side is that Over all the su

, ... of which a mixture is composed, so that Z x; = 1.

names and symbols of the chemical elements are given in Annex A.

itional qualifying information on a quantity symbol may be added:as a subscript or supe

parg¢ntheses after the symbol.

A particular
ion of 7 and
.. are taken
pstances A,

script or in

© ISO 2009 — All rights reserved

Vii


https://standardsiso.com/api/?name=89882adb8a500a53d1fd98b1248578ef



https://standardsiso.com/api/?name=89882adb8a500a53d1fd98b1248578ef

INT

ERNATIONAL STANDARD ISO 80000-9:2009(E)

Quantities and units —

Part 9:
Physical chemistry and molecular physics

ISO
phy
2

The
refe
(inc
ISO
ISO
ISO

IEC

The
give

Scope

80000-9 gives names, symbols, and definitions for quantities and units of physical chemistry an
bics. Where appropriate, conversion factors are also given.

Normative references

following referenced documents are indispensable for the application of this document,
rences, only the edition cited applies. For undated references, the latest edition of the reference
uding any amendments) applies.

80000-3:2006, Quantities and units — Part 3: Space and-time

80000-4:2006, Quantities and units — Part 4: Mechanics

80000-5:2007, Quantities and units — Part 5; Fhermodynamics

80000-6:2008, Quantities and units — Part6: Electromagnetism

Names, symbols, and definitions

names, symbols, and definitions for quantities and units of physical chemistry and molecular
n on the following pages.

d molecular

For dated
d document

physics are

© ISO 2009 — All rights reserved
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS

QUANTIT

IES

Item No.

Name

Symbol

Definition

Remarks

amount of
substance
fr quantité (f) de
matiere

amount of substance is one of the

seven base quantities in the

International System of Quantities,
1SQ, on which the Sl is based

Amount of substance of a p

ure

sample is that quantity that can

often be determined by
measuring its mass and
dividing by the molar mass

the samnle
L

of

Amount of substance is
defined to be proportional t
the number of spegified
elementary entities’in a
sample, the-proportionality
constant lveing a universal
constantwhich is the same
all samples.

The name “number of moles

is often used for “amount o
substance”, but this is

deprecated because the na
of a quantity should be

O

for

me

distinguished from the nam¢ of

the unit.

In the name “amount of
substance”, the words “of
substance” could, for
simplicity, be replaced by

words to specify the substance

concerned in any particulaf
application, so that one ma
for example, talk of “amoun
hydrogen chloride, HCI”, or

“amount of benzene, CgHg|.

It is important to always giv|
precise specification of the
entity involved (as emphasi:
in the second sentence of t
definition of the mole); this
should preferably be done |
giving the molecular chemi
formula of the material
involved.

Y,
t of

e a

red
he

by
cal

© ISO 2009 — All rights reserved
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substance of a system which
contains as many elementary
entities as there are atoms in
0,012 kg of carbon 12

UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Conversion factors and
remarks
symbol
9-1.a mole mol the mole is the amount of When the mole is used, the

elementary entities shall be
specified and may be atoms,
molecules, ions, electrons,
other entities or specified

arouns of them
~J =

[T4th CGPM (1977)]

The definition appligs to
unbound atoms of garbon 12,
at rest andyin‘their ground
state.

Thelmole is also used for
entities such as holes and
other quasi-particlep, double
bonds, etc.

© ISO 2009 — All rights reserved
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-2.1 relative atomic A, ratio of the average mass EXAMPLE A,(Cl) ~ 35,453
(8-1.7) y mass ¢ (ISO 50002'4:2()'06’ |tetn: 41}1) 5 The relative atomic or relative
rmastse (.) pf:ha om o a? N errt1en cf)th molecular mass depends on the
atomique orthe m%ss oran atom ot the nuclidic composition.
relative nuclide '“C
The International IUnion of Pur
9-2.2  |rglative molecular | M, ratio of the average mass per ~ |and Applied Chemistry (IURAG)
(8-1.2) mass molecule or specified entity of a |accepts the use of the special
fimasse (f) substance to 1/12 of the mass of | names “atomic weight” and
moléculaire an atom of the nuclide '2C molecular weight” forthe
relative quantities “relative.atomic mags”
and “relative molecular mass”,
respectively, The use of these
traditionalnames is deprecatef.
9-3 npimber of particles | Ng Ng equals the number of Different entities may be used|as
(8-2) fqnombre (m) particles in a system a patrticle, e.g. number of
de particules molecules, number of atoms.
A subscript added to the symiol
indicates a specific entity, e.g. |Vg
for the number of molecules o
substance B.
9-4 Alogadro constant | L, Np for a pure sample L = 6,022 141 79(30) x
(8-4) frjconstante (f) N 1023 mol—"' 1022 mol—"
d'Avogadro L= N/n 0% mo 0 mo
where N is the number of [CODATA 2006]
particles (item 9-3) and n is
amount of substance (item 9-1)
9-5 molar mass M for a pure sample
(8-5) frimasse (f) molaire M=m /n
where m is mass
(1SO 80000-4:20086, item 4-1)
and n is amount of substance
(item 9-1)
9-6 molar, volume Vin for a pure sample The molar volume of an ideal gas
(8-6) frvoturme ) V. — V/n at 273, 5 Kam101325Pais
molaire - Vin = 0,022 413 996 (39) m*/mol
where V' is volume and, for 273,15 Kand 100 000 Pa,
(1SO 80000-3:2006, item 3-4)  |the molar volume is
and n is amount of substance |V, = 0,022 710 981 (40) m3/mol.
(item 9-1) [CODATA 2006]
4 © 1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Converi:JrL\;flf;ors and
symbol
9-2.a one 1 See the Introduction, 0.3.2.
9-3la one 1 See the Introduction, 0.3.2.
9-4la  |mole to the power |mol™
minus one
9-5la kilogram per mole “\kg/mol The commonly used unit for
molar mass is gran| per mole,
g/mol, rather than kilogram per
mole, kg/mol.
9-6la cubic metre per mS3/mol
TTote

(continued)

© ISO 2009 — All rights reserved 5
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-7 molar internal Un Un=U/n Similar definitions apply to
(8-7) energy where U is internal ener other thermodynamic
fr énergie (f) interne ) nergy functions, for example molar
molaire (1ISO 89000-5.2007, item 5-20._2) enthalov. H- molar Helmholz
and n is amount of substance (item PY, Hm, .
. energy, An,, and molar Gibbs
9-1)
[ energy, G . These quantues
ey ey Cn |G =Cn om0 s Sk
- capacité , . PS.
lt)hermique where C'is heat capacity Molar heat capacity may bg
molaire (ISO 80000-5:2007, item 5-15) and | defined at constant pressure,
n is amount of substance (item Cinp OF at costant volume
9'1) Cm V
9-9 molar entropy Sm Sm=S/n
(8-9) f enf;ooilaei rg) where S is entropy
(ISO 80000-5:2007, item 5-18) and
n is amount of substance (item
9-1)
9-10.1  |vplumic number of |n, (C) n=N/V
(8-10.1) g;ﬁfrcgllssqg;tar where N is the numbet-of particles
entities y (item 9-3) and V is volume
nmber density of (ISO 80000-3:2006, item 3-4)
molecules or
other elementary
entities
ff nombre (M)
volumique
de molécules
ou d'autres
entités
élémentaires
9-10.2 |molecular Cs Cs = Ng/V
(8-10.2) gﬁggf;;gae“gn ol where Np is the number of
) molecules of Band V is the
fy concegiiaion (f) volume (ISO 80000-3:2008, item
gRyeculaire du 3-4) of the mixture
constituant B
6 © I1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Conversion factors and
remarks
symbol
9-7.a joule per mole J/mol
9-8la joule per mole J/(mol-K)
kelvin
9-9|a joule per mole J/(mol-K)
kelvin
9-1p.a |metre to the power |m™3
minus three
(continued)

© ISO 2009 — All rights reserved 7
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-11.1 |mass density, 0, () p=m/V
(8-71.7) | density where m is mass
fr ma‘foslirgl) Jo (ISO 80000-4:2006, item 4-1) and
q V is volume (1ISO 80000-3:2006,
item 3-4)
9-11.2 nlass concentration | pg, (V8) P = mB/V
(8-11.2) of substanc_:e B where mg is the mass
f Cogze,’;gizg”dg) (ISO 80000-4:20086, item 4-1) of
constituant B substance B and V is the volume
(ISO 80000-3:2006, item 3-4) of
the mixture
9-12 mass fraction of Wg wg = mg/m
(8-12) ‘ ;:g;;a:?n?)e B where mg is the mass
massiaue du (ISO 80000-4:2006, item 4-1) of
constig./an tB substance B and m is the total
mass of the mixture
9-13 amount-of- CB cg = nB/V In chemistry, the name
(8-13) substance where 1 is the amount of “amount-of-substance
concentration substancBe (ited@-1) of Band V is concentration” is generally
of B the volume (/SO 80000-3:2006 abbreviated to the single word
ff concentration (f) item 3-4) 6t the solution ) ’ “concentration”, it being
en quantité de assumed that the adjective
matiere du “amount-of-substance” is
constituant B intended. For this reason,
however, the word “mass”
should never be omitted frogm
the name “mass
concentration” in 9-11.2.
The standard concentration,
1 mol/dm?, is denoted ¢ °.
9-14 amount-of- g, Us rg = nB/n For condensed phases, rglis
(8-14.1) substance where 1= is the amount of used, and for gaseous
fraction (_)f B, substanc?e (item 9-1) of B and 72 is mixtures yg may be used.
( f’llf‘ﬁi‘?‘tf\nn?f the total amount of substance (item |The unsystematic name “mple
stbstanreeB) — - ——
fr fraction (f) 9-1) in the mixture fraction” is st_lll used. However,
. the use of this name is
molaire du deorecated
constituant B P '
For this quantity, the entity
used to define the amount of
substance should always be a
single molecule for every
species in the mixture.
8 © ISO 2009 — Al rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter-
Item No. Name national Definition Conversion factors and remarks
symbol
9-11.a |kilogram per cubic [kg/m3
metre
9-11b |[gramperlite  |gn | 1g/l=1g/dm® = 1kgm® |
9-1P.a |one 1 See the Introduction, 0.3.2.
9-1B.a |mole per cubic mol/m3
metre
9-18b |mole perlitre  |mot | A~ 1 moll = 1 mol/dm® = 0% mol/m? |
9-1ff.a |one 1 See the Introduction, 0.3.2.
(continued)
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-15 volume fraction of |pg xsV g g is temperature-dependent.
(8-15) substance B ¥ = —V*
fr fraction (f) 2T m,i
volumique du where the V¥, is the molar
constituant B volume (item 9-6) of the pure
anbotancac o ot acnrao
temperature and pressure, x;
denotes the amount-of-substance
fraction (item 9-14) of substance ¢
and X denotes summation over all
substances 7
9-16 molality of solute B |bg, mg bg = ng/ma The alternative symbol mg
(8-16) |fr molalité (f) du where 1 is the amount of should be avoided in situatipns
soluté B substanc?e (item 9-1) of solute B where it might be mistaken(for
. the mass of substance B.
and myp is the mass
(ISO 80000-4:2006, item 4-1) of However, the symbol m is
the solvent substance A much more commonly useq
than the symbol b for molality,
despite the possible confusjon
with mass.
9-17 cphemical potential |ug for a mixture of Substances 1 For a pure substance,
(8-17) of substance B o =G/n=G
fi potentiel (m) pe = (0G/I8)T 0, H / o .
chimique du where Gis Gibbs energy where G, is the molar Gibbs
constituant B (1IS©'80000-5:2007, item 5-20.5) |energy. In a mixture, /i is the
andg is the amount of substance |Partial molar Gibbs energy.
B (item 9-1)
9-18 apsolute activity of |Ag A = exp(us/RT)
(8-18) substance B h is the chemical potential
 activité (f) where pp is t e chemical potentia
of substance B (item 9-17), R is
absolue du .
constituant’s the mo!ar gas constant §|tem 9-42),
and 7' is thermodynamic
temperature (ISO 80000-5:2007,
item 5-1)
9-19 rtial pressure of D fora gaseous mixti WS,
(8-19) substance B _
fr pression (f) ps = T8 P
partielle du where xg is the amount-of-
constituant B substance fraction of substance B
(item 9-14) and p is the total
pressure (ISO 80000-4:2006, item
4-15.1)
10 © 1SO 2009 — All rights reserved
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Inter- .
Item No. Name national Definition Converi:JrL\;flf;ors and
symbol
9-15.a |one 1 See the Introduction, 0.3.2.
9-1B.a |mole per kilogram |mol/kg
9-1f.a |joule per mole J/mol
9-1B.a |one 1 See the Introduction, 0.3.2.
9_1 = poenol Da
(continued)
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-20 fugacity of Ds, (fs)  |for a gaseous mixture, pg is P = As - lim (pg/As)
(8-20) substance Bin a proportional to the absolute activity, p—0
gaseous mixture g (item 9-18), the proportionality |where p is total pressure.
fr fugacité (f) du factor, which is a function of
constituant B temperature only, being
dans un determined h‘,’ the condition +hq+, at
mélange constant temperature and
gazeux composition, pg/pg tends to 1 for
an indefinitely dilute gas
9-21 sfandard chemical g value of the chemical potential 1 = RT Im\®
(—) potential of (item 9-17) at standard conditions
substance B g is a function of
ft potentiel (m) temperature 1" at the standgard
chimique de pressure p = p9 .
g%fsgfi?;aen?g The stgndard chemical
potential depends on the
- - choice of standard state, whjich
9-22.1 |sfandard chemical |ug for a pure phase, or a mixturesor a |shall be specified.
(=) potential of solvent, the chemical potential ) o
substance B in a (item 9-17) of the pure substance B | The plimsoll sign is used to
pure phase or a under standard pressuré denote a standard in genergl.
mixture or a The degree sign can also be
solvent used for this. In a liquid or s¢lid
fit potentiel (m) solution, the standard stateis
chimique de referenced to the ideal dilute
référence du behaviour of the solute
constituant B (substance B).
dans une
phase pure,
un mélange ou
un solvant
9-22.2 |standard chemical |fig for a solute in solution, the
(—) potential of chemical potential, ,u§ in the
substance B.in (hypothetical) state of solute B at
a solution the standard molality, b° (item
fif potentiel(my) 9-16), and standard pressure, p
chimigqtie de (ISO 80000-4:2006, item 4-15.1),
référence du and behaving like an infinitely dilute
constituant B solution:
solution g = ;@OMB — RT In(ysp/p°)
where yg is amount-of-substance
fraction (item 9-14)
12 © 1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Converi:JrL\;flf;ors and
symbol
9-20.a |pascal Pa
9-2l.a |joule per mole J/mol
9.2p.a |joule per mole J/mol
(continued)
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-23 activity factor of /8 fs =X/ (\gxB) The systematic name is
(8-22.1) substance Bin a where A« is the absolute activity of “activity factor”, but the name
liquid or a solid substancBe B (item 9-18), A% is %/he “activity coefficient” is also
mixture - ' °B commonly used.
o - absolute activity of the pure
activity coefficient
nf crthetanca R in substance B at the same
a liquid or a solid Femperature and pressure, and g
. is the amount-of-substance fraction
mixture of substance B (item 9-14)
f facteur (m)
dactivité du
constituant B
dans un
mélange
liquide ou
solide
9-24.1 |ativity factor /s fe =as/xs
=) referenlced to where ag is the activity of solufe B
Raoult's law . .
(item 9-26) and xg is the amount-
ff facteur (m) ” X
dactivite of-substance fraction of B (item
activite
s (s 9-14)
référencé a la
loi de Raoult
9-24.2 |attivity factor Yms Ye» Yz | There are threedifferent cases for
(—) referenced to the activity factor referenced to
Henry's law Henry's law: molality basis, vy,
f facteur (m) concentration basis, 7., and
d'activité amount-of-substance basis, 7, :
référencé a la U s
loi de Henry = M5
"Ym,B bB/be
7 o ac,B
B cs/c”
aI,B
Yz,B =
IB
9-25 sfandaid-absolute | \g As = A5 (p°) This quantity is a function df
(8-22.2) activity of - where )% is the absolute activity temperature only.
s_bb_steunee 8 L (item 9-18) of the pure substance B | The standard pressure is
liquid or a solid 5
mixture at the same temggrature and 10° Pa.
fr activité (f) pressure, and p~ is standard
pressure (ISO 80000-4:2006, item
absolue 4-15.1)
normale du '
constituant B
dans un
mélange
liquide ou
solide
14 © I1SO 2009 - All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Conversion factors and
remarks
symbol
9-23.a |one 1 See the Introduction, 0.3.2.
9-2¢t.a |one 1 See the Introduction, 0.3.2.
9-2b.a , \one 1 See the Introduction, 0.3.2.
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-26 activity of solute B, |ag, a.,,g |for a solute B in a solution, ag is b /be
. .. ’ . B
(8-23) |relative activity of proportional to the absolute activity, [@s = Ag - __lim v
solute B Mg (item 9-18), the proportionality 2 b0 B
fr activite (f) du factor, which is a function of The quantity a.g, similarly
soluté B, . . ’
bt (£) rolativo temperature and pressure only, defined in terms of the
du soluté B being determined by the condition |concentration ratio cg/c 5,i$
that, at constant temperature and |also called the activity-or
pressure, ag divided by the molality |relative activity of sélute B;
ratio, bg /b, tends to 1 at infinite |c” is a standard
dilution; bg is the molality of solute |concentration;-usually
B (item 9-16), and b° is standard |1 mol/dm3:
molality, usually 1 mol/kg o
_ cgfc
Geg~"Ng - _lim ———
cg—0 )\B
where X2 denotes summatign
over all the solute substances.
This especially applies to a
dilute liquid solution.
9-27 artivity coefficient |vg for a solute in a solution, The name “activity coefficignt
(8-24.1) of solute B a of solute B” is also used for the
ff facteur (m) VB = —Be quantity g defined as
d'activité du be /b e
< C,
solute B where @ -is the activity of solute B |78 = 7
(item'9-26), bg is the molality of B
substance B, and b is standard | See item 9-26.
molality
9-28 standard absolute )\§ for a solute B in a solution, This quantity is a function df
(8-24.2) activity of _ temperature only. It especiglly
solute B As = _lim [Xs(p”)b” /bs] |applies to a dilute liquid
ft activité (f) bg—0 solution. The standard
: 5
absolue where ¥ denotes summation over |Pressure is 10” Pa.
normale du all solutes, p° is a standard
solute'B pressure (ISO 80000-4:20086,
item 4-15.1), b° is standard
molality, and bg is the molality of
substance B (item 9-16)
16 © 1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Conversion factors and
remarks
symbol
9-26.a |one 1 See the Introduction, 0.3.2.
9-2V.a |one 1 See the Introduction, 0.3.2.
9-2B.a |one 1 See the Introduction, 0.3.2.
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-29.1 |activity of solvent A,|aa for the solvent A in a solution, ratio |aa = Aa/Ax
(8-25.1) |relative activity of of the absolute activity of
solvent A substance A, A\ (item 9-18), to
fr activité (f) du that, A», of the pure solvent at the
solvant A, same temperature and pressure
activité ‘/f/) relative
du solvant A
9-29.2 |opmotic factor of | o=—(Mx> bB)_1 In ap The name “osmotic-coefficignt”
(8-25.2) solvent A, here Ma is th | is generally usedsalthough fhe
opmotic coefficient where [a 1S the molar mass name “osmatic\factor” is more
(item 9-5) of the solvent A, 2 : . ;
of solvent A denotes summation over all the systematic~This especially
ff facteur (m) lutes. b is th lality of solut applies tea dilute liquid
osmotique du SBO.U €s, g 1S the molalily ot Solute 1 40 ign,
solvant A (item 9-16),' and ap is the activity
of solvent A (item 9-29.1)
9-29.3 |sfandard absolute AY for the solvent A in a solutionsthe | The standard pressure is
(8-25.3) activity of absolute activity (item 9-18).0f the |10° Pa.
solvent A pure substance A at thesame
(especially in a temperature and at a standard
dilute liquid pressure p6 (ISO 80000-4:2006,
solution) item 4-15.1):
fi activité (f)
absolue AL = \ip”
normale du
solvant A
(particulié-
rement en
solution liquide
diluée)
9-30 opmotic pressure | excess pressure required to
(8-26)  |fnpression (f) maintain osmotic equilibrium
osmotique between a solution and the pure
solvent separated by a membrane
permeable to the solvent only
9-31 sjoichiometric Vg number or simple fraction occurring |[EXAMPLE
(8-27) number of in the expression for a chemical  |(1/2)Nz + (3/2)H2 = NHs
_substance-B reaction-0-—— 21 Bwhere-the V(N2) = —1/2
fr nombre (m) symbol B denotes the reactants V(Hz) = —3/2,
stoechio- and products involved in the V(NHz) = +1.
métrique du reaction The stoichiometric number is
constituant B negative for a reactant and
positive for a product.

18 © 1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Converi:JrL\;flf;ors and
symbol
9-29.a |one 1 See the Introduction, 0.3.2.
9-3p.a |pascal Pa
9-3fl.a , jone 1 See the Introduction, 0.3.2.
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-32 affinity of a A A= —Yvgup The affinity of a reaction is a
(8-28) chemical reaction where Ue is the stoichiometric measure of the “driving force”
fr affinité (f) d'une numberzf substance B (item 9-31) of the reaction. When it is
réaction and is the chemical potential of positive, the reaction goes
chimique KB ) P spontaneously from reactants
substance B (Item 9_17) tonroducts_and when it is
The summation goes over all negative, the reaction goes|in
substances B. the opposite direction:
Another way to write the
definition is:
A = —(9G/98)p.1
where (G(is Gibbs energy
(ISO 80000-5:2007, item
5-20.5) and ¢ is the extent of
the reaction (item 9-33).
Note that vg is negative for
reactants and positive for
products.
9-33 ektent of reaction  |& dng = vg d§ See remark to item 9-31.
(6-29) | fetat (m) where ng is thecamount of
d'avancement B™ . :
, P substance B {item 9-1) and vg is
d'une réaction o .
the stoichiometric number of
substance B (item 9-31)
9-34 standard K° for a’chemical reaction, This quantity is a function df
(8-30) equilibrium o _ o\ VB temperature only.
constant, no=l (AB ) Others depend on
thermodynamic where Il denotes the product for P
o) o temperature, pressure, and
equilibrium all substances B, /\B is the composition. as follows
constant standard absolute activity of P ’ '
ff constante (f) substance B (item 9-25) and vg is |One can define in an
d'équilibre the stoichiometric number of analogous way an equilibriim
normale substance B (item 9-31) constant in terms of fugacity,
K¢, molality, K,,, etc.
9-35 equilibrium K, K,, = Ig(ps)" for gases
conctant oan o
pressure basis
fr constante (f)
d'équilibre
pour les
pressions
20 © I1SO 2009 - All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- Conversion factors and
Item No. Name national Definition remarks
symbol

9-32.a |joule per mole J/mol
9-3B.a |mole mol
9-34.a |one 1 See the Introduction, (.3.2.
9-3%.a, “|pascal to the pPa>ve

nowar cum of

power-sum-of

stoichiometric

numbers

(continued)
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES
Item No. Name Symbol Definition Remarks
9-36 equilibrium K. K. = Tlg(cg)"® for solutions
constant on a
concentration
basis
fr constante (f)
rl’équilihrn
pour les
concentrations
9-37 electric dipole p, (L) E,=-p-E The moment of-force M actjng
(8-32) moment of a where E,, is the interaction energy in an electricfield E on a
molecule b . neutral system with dipole
ft moment (m) (ISO 80000-5:2007, item 5-20.1) of | 1\ 10 p)is given by
. . the molecule with electric dipole o
électrique - o |(M=pXE.
. 4 moment p and an electric field with
d'une molécule ;o
electric field strength F
(IEC 80000-6:2008, item 6-10)
9-38 magnetic dipole m, (i E,=-m- B The moment of force M actjng
(—) moment of a where E,, is the interactioR energy in a magnetic flux density Bjon
molecule m = . a neutral system with dipol¢
fmomantm (150 80000200716 520 1) Ingrmon:ms gen y
magnétique ghetic oip M=m X B.
d'une molécule mloment m gnd a magnguc field
with magneticifléx density B
(IEC 80000-6:2008, item 6-21)
9-39 electric o a;=0p; /0E;
(6-33) polarizability of where p; is the cartesian
a molecule component along the i-axis of the
fi polarisabilité (f) pone! 9 .
. ; electric dipole moment (item 9-37)
électrique ) . o
d'une molécule induced by the applied electrlg field
strength (IEC 80000-6:2008, item
6-10) acting on the molecule, and
E; is the component along the
j-axis of this electric field strength
22 © 1SO 2009 — All rights reserved
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Inter- .
Item No. Name national Definition Conversion factors and
remarks
symbol

9-36.a |mole per cubic (mol - m—3)>ve

metre to the

power sum of

stoichiometric

numbers
9-3f.a |coulomb metre C-m
9-38.a |joule per tesla JIT

ampere metre A-m?

squared
9-39.a |coulomb metre C-m2/\V.

squared per volt

(continued)
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I:f: Name Symbol Definition Remarks
9-40.1 |microcanonical ({2 =31 S=kin{?
(6-34.1) Fuar:(t:'ttilg: where the sum is over all quantum states where S is the entropy
fr fonction (f) consistent with given energy, volume, external |(ISO 80000-5:2007, item
de partition fields, and content 5-18) and k is the
mhﬁn_ Boltzmann constant (item
canonique 9-43).
9-40.2 |cahonical Z,Q |Z=x,e E/kT A= —kTinZ
(6-34.2) t)uar:(t:lttilg: where the sum is over all quantum states where A isthie Helmhojtz
fr fonction (f) consistent with given energy, volume, external |free energy
de partition fields, and content, E,. is the energy (1ISO.80000-5:2007, item
b (ISO 80000-5:2007, item 5-20.1) in the rth  |5-2014).
q quantum state, k is the Boltzmann constant
(item 9-43), and T" is thermodynamic
temperature (1ISO 80000-5:2007, item 5-1)
9-40.3 |grand-canonical | = == Z(Ns. N ANOYNe . |A—Xugng = —kT'In =
(8-34.3)| partition N EN: (Na, Ng, -..) - Ay B . .
unction A e, oo wherel,uB is the chemidal
grand part’ition where Z (N4, Ng, ...) is the canonical partition |potential of substance B,
unction function for the given numberof particles ng is the amount of
fr bonction () A, B, ...,and \a, \g, ... are the absolute substance B, k is the
de partition activities of particles A¢B, ... Boltzmann constant, and T’
rand- is thermodynamic
ganonique temperature.
9-40.4 |mqlecular q q=X;exp(—¢;/kT)
(8-34.9) Lanrgttilgr? where's; is the energy (ISO 80000-5:2007,
aktition ’ item 5-20.1) of the 7th allowed quantum state
P unction of of the molecule consistent with given volume
L molecule and external fields, & is the Boltzmann
fr fonction (f) constant (item 9-43), and 1" is thermodynamic
de partition temperature (ISO 80000-5:2007, item 5-1)
moléculairé
9-41 statisticalweight | g multiplicity of quantum energy levels Multiplicity is also know|n
(8-35) |fr poids (m) as “degeneracy’.
statistique
9-42  |molar gas R for an ideal gas, R =
(8-36) constant - 8,314 472 (15) J/(mol - K)
fr constante (f) pVm = RT [CODATA 2006]
molaire des where p is pressure (ISO 80000-4:2006, item
gaz 4-15.1), V,, is molar volume (item 9-6),
and T is thermodynamic temperature
(ISO 80000-5:2007, item 5-1)
24 © 1SO 2009 — All rights reserved
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kelvin

UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- .
Item No. Name national Definition Converi:JrL\;flf;ors and
symbol
9-40.a |one 1 See the Introduction, 0.3.2.
9-4fl.a |one 1 See the Introduction, 0.3.2.
9-42.a |joule per mole J/(mol-K)
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PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS QUANTITIES

Item No. Name Symbol Definition Remarks

9-43 Boltzmann constant|k k = R/Np k=

(8-37) |fr constante (f) de here R is the molar aas constant | 1:380 850 4 (24) X 1072 JK
Boltzmann w ! 9

(item 9-42) and IV, is the Avogadro
constant (item 9-4)

[CODATA 20086]

9-44 mean free path I, \

for a particle, the average distance

(8-38) |flibre parcours (m) between two successive collisions
moyen with other molecules

9-45 d|ffusion coefficient | D Cs(vg) = —D grad Cy

(8-39) |fcoefficient (m)

de diffusion

where Cj is the local molecular
concentration of substance B (item
9-10.2) in the mixture and (vg) is
the local average velocity

(ISO 80000-3:2006, item 3-8.1) of
the molecules of B

9-46.1 |thermal diffusion |k
(8-40.1) ratio

| rapport (M) de
diffusion
thermique

=

9-46.2 |thermal diffusion aT
(8-40.2) factor

fit facteur (m) de
diffussion
thermique

in a steady state of a binary:mixture
in which thermal diffusion.occurs,

grad x5 = — (k7 /T)'grad T

where xg is the amount-of-
substance fraction (item 9-14) of
the heaviercsubstance B, and 1" is
the localithermodynamic
tempefature (ISO 80000-5:2007,
item 5-1)

ar = kr/(xa zs)

where k is the thermal diffusion
ratio (item 9-46.1), and x5 and xp
are the local amount-of-substance
fractions (item 9-14) of the two
substances A and B

9-47 thermal diffusion | Dy
(8-41) coefficient
fil coefficient (m)

Dr =kr-D

where k is the thermal diffusion
ratio (item 9-46.1) and D is the

ST CroTOTT

thermique

diffusion coefficient (item 9-45)

9-48 proton number, YA

number of protons in an atomic

The atomic number in the

(8-42) |atomic number nucleus periodic table is equal to the
fr nombre (m) de proton number.
protons,
numéro (m)
atomique
26 © 1SO 2009 — All rights reserved
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UNITS PHYSICAL CHEMISTRY AND MOLECULAR PHYSICS
Inter- Conversion factors and
Item No. Name national Definition remarks
symbol

9-43.a |joule per kelvin J/K
9-4f4.a |metre m
9-4b.a |metre squared per m?/s

second
9-46.a |one 1 See the Introduction, 0.3.2.
9-4f.a |metre squared per m?2/s

second
9-48.a |one 1 See the Introduction, 0.3.2.

(continued)
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Item No. Name Symbol Definition Remarks

9-49 elementary charge |e electric charge (IEC 80000-6:2008, |e =

(8-43) |frcharge (f) item 6-2) of a proton 1,602 176 487(40) x 1079 C
élémentaire [CODATA 2006]

The electric charge of an

olectronis — ¢

9-50 cpharge number of |z ratio of the electric charge
(8-44) ion (IEC 80000-6:2008, item 6-2) of
ff nombre (M) the ion to the elementary charge
de charge (item 9-49)
d'union,

électrovalence (f)

9-51 Faraday constant | F’ F=N,e F= ,
(8-45) |1 CO’,Z_ZIZ'ES (f) de where [V, is the Avogadro constant 39,485 339 9<24) X 107 C/mol
y (item 9-4) and e is the elementary* [[CODATA 2006]
charge (item 9-49)
9-52 ignic strength 1 1 27
(8-46) |ftt force (f) ionique I'=3 2 %ibi
where the summation is carried out
over all ions with-charge number z;
(item 9-50)and molality m; (item
9-16)
9-53 degree of o ratio_of the number of dissociated |An alternative name for this
(8-47) dissociation molecules to the total number of  |quantity is “dissociation
ff facteur (m) de molecules fraction”.
dissociation
9-54 electrolytic )0 »x=J/FE

(8-48) conductivity

conductivité (f§ where .J is the electrolytic current

density (IEC 80000-6:2008, item

-

electrolytique 6-8) and FE is the electric field
strength (IEC 80000-6:2008, item
6-10)
9-55 motarconductivity 74 A—— /L//LB
(8-49) |fr conductivité (f) . .
molaire where ¢ is the electrolytic

conductivity (item 9-54) and cg is
the amount-of-substance
concentration (item 9-13)
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