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INTERNATIONAL STANDARD

I1SO 31/VI11-1973 (E)

Quantities and units of physical chemistry

and

General r¢marks

This docujment, containing a table of guantities and units of

physical dhemistry and molecular physics, is the eighth part
of a re comprehensive publication dealing with
quantitie§ and units in various fields of science and
technology. The parts of this publication are :

Part @ General introduction — General principles

concerping quantities, units and symbols. 1)

Part | {2nd edition) : Basic quantities and units of the SI
and qupntities and units of space and time.?2)

Part Il|: Quantities and units of periodic _and-related
phenomena.

Part \}] : Quantities and units of mechanics.

Part I\ : Quantities and units of heat.

Part V|: Quantities and units of electricity and
magnetism.

Part V Quantities ~-and units of light and related

electroynagnetic radiations.
Part V|| : Quantities and units of acoustics.

Part V]Il AQuantities and units of physical chemistry
and malecular physics.

INTRODUCTION

General information ‘regarding the arrgngement of the

tables and theg’ symbols and abbreviatio
found in the“introduction to Partl,
definitions of ‘base units are given as an ap

The statements in the definition column

hs used is to be
where the full
pendix.

for quantities are

givety merely for identification; they are not intended to be

complete definitions.

Special remarks

In this document the amount of substand
independent base quantity. The base unit
the mole, defined under item 8-3.a.

Following a decision of the 13th Confére]
Poids et Mesures, the name kelvin and syr
used for the unit of thermodynamic tempe

e.is treated as an
bf this quantity is

nce Générale des
nbol K have been
rature.

For simplicity this document includes ofly a selection of

units, preferably from the International
Other units can be derived from units giv
and V. Some conversion factors are added

Bystem of Units.
en in Parts LI, IV
for information.

Decimal multiples and submultiples of umits are in general

Part |X : Quantities and units of atomic and nuclear
physics.

Part X : Quantities and units of nuclear reactions and
ionizing radiations.

Part X| : Mathematical signs and symbols for use in the
physical sciences and technology.

1} At present at the stage of draft (No. 2180).

not explicitly mentioned in the tables; this does not mean,
however, that they are not recommended. General
recommendations for decimal multiples and submultiples of
units are given in Part O.

The names and symbols of the chemical elements are given
in Appendix | on page 12.

2} The title of the first edition of this document was : “‘Fundamental quantities and units of the MKSA system and quantities and units of

space and time”.
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8. Physical chemistry and molecular physics

Quantities
8-1.1...8-7.1
Item .
No. Quantity Symbol Definition 1) Remarks 2)
These quantities are dimensionless.
8-1.1 | relative atomic mass of an | A, The ratio of the average mass per atom | Example: 4;(Cl) = 35.453
element of the natural isotopic composition of | Formerly called atomic weight.
an element to 1/12 of the mass of an
atom of nuclide '2C.
8-1.2 | relative molecular mass of | M, The ratio of the average mass per mo- | Formerly called molecular weight.
a substance lecule of the natural isotopic composi-
tion of a substance to 1/12 of the mass | The concept of relative atomic or mo-
of an atom of nuclide *2C. lecular mass is also applicable to other
specified isotopic compositions, but the
matuTatisotopiccomposition is assumed
unless the compésitjon is specified.
8-2.1 | nunjber of molecules or N Number of molecules or particles in a { This quantity is dimensionless.
particles system.
8-3.1 | amdunt of substance n, (v) This quantity is trgated in this docu-'
ment as a basic qu:ntity.
v may be used as dn alternative to n
when n is used for [number density of
particles, see 8-10.1
8-4.1 | Avdgadro constant L, Na Number of molecules divided by the | No = N/n
amount of substance. Na = (6.022 52 & 0.000 28) x 10 mol™
8-5.1 | molar mass M Mass divided by amount of substance. M = m/n,
where m is the maps of the substance.
8-6.1 molar volume Ve Volume divided by amount of substance. | The subscript m is often omitted, or can
be replaced by the themical formula of
the substance.
Vm = V/n
The molar volume of an ideal gas under
standard conditions|(0 °C and 1 atm) is
Jo==(22.4135 4 0.0p30) X 102 m*/mol
For a gas, the *“‘Amagat volume” is de-
R:4
fined by Vi = Vm/Vn(:, where Vi is
the molar volume of this gas at 0°C
and 1 atm.
8-7.1 | molar internal energy U, (Em) Internal energy divided by amount of | The subscript m is often omitted, or can
substance. be replaced by the chemical formula of
the substance.
See ISO/R 31/Part 1V, item 4-15.1
Similar definitions apply to other molar
thermodynamic functions.

1) The statements in this column are given merely for identification and they are not intended to be complete dcfinitions.
2) The numerical values in this column are derived from J.W.M. DuMond and E.R. Cohen, Recommended Values of the Physical Constants —
1963 U.I.P.P.A. Commission on Nuclidic Masses, Doc. MN 632 .— Sept. 4. 1963, see also Doc. U.I.P. 11 (1965) of the U.LP.P.A.
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8. Physical chemistry and molecular physics

Units
8-3....8-7.a
Name of unit I ional
Item and in certain nternationa .
No. | cases abbreviation | SY™bo! Definition Conversion factors Remarks
for this name for unit
8-3.a | mole mol 1 mol is the amount of sub- The numerical valjie of the quan-
stance of a system which tity 8-3.1 expressed in moles is
contains as many elementary also called numbelr of moles.
entities as there are atoms
in 0.012 kg (exactly) of '2C.
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.
8-3.b | kilomold kmol
8-4.a | reciprochl mole mol ! The numerical valyie of the quan-
tity 8-4.1 expresspd in mol-1 is
called Avogadro fqumber.
8-5.a | kilogran] per kg/mol M= 10-* M, kg/mol
mole = M, kg/kmol
== Mr g/mo‘,
where M, is the felative mole-
- cular mass of a| substance of
8-5.b | gram pef mole g/mol definite chemicall composition.
8-6.a | cubic mgtre per m3/mol
mole
8-6.b | litre perl mole 1/mol 1 I/mol = 10-3 m3/mol (exactly) | In1964 the Conférdence Générale
des Poids et Mesures rede-
fined the litreas 1} = 1 dm3.
8-7.a | joule per mole J/mol For other units of energy, e.g.
the calories, see ISO/R31/Part i
1 calyp = 4.1868 J (exactly)
1 cal,, =4.1840 J (exactly)
1 cal,; =4.18554y
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. Physical chemistry and molecular physics (continued)

Quantities
8-8.1...8-19.1
Item
No. Quantity Symbol Definition 1) Remarks 2)
8-8.1 | molar heat capacity Cm Heat capacity divided by amount of sub- | The subscript m is often omitted, or can
stance. be replaced by the chemical formula of
the substance.
Cm == C/Tl
See ISO/R 31/Part IV, item 4-10.1
8-9.1 | molar entropy Sm Entropy divided by amount of sub- The subscript m is often omitted, or can
stance. be replaced by the chemical formula of
the substance.
Sm = S/n
See ISO/R 31/Part IV, item 4-13.1
8-10.1 | numbgr density of mole- n The number of molecules or particles | n = N/V
cules (or particles) divided by volume. The number dersity of 3n ideal gas under
standard conditiohs (0[ °C and 1 atm) is
11 =Na/V4==(2.68704-10.0003) x 10*m-3,
this constant’is called Lgschmidt constant.
See 8#4.1 and 8-6.1
8-10.2 | molectilar concentration Cy The number of molecules of component
of confponent B : B divided by volume of mixture.
8-11.1 | density 0 Mass divided by volume. The dimensionless quantity
0A = 1/VA
is called *“Amagat dengity”, see 8-6.1
8-11.2 | mass goncentration of s Mass of component B divided/By'volume
compdgnent B of the mixture.
8-12.1 | mass ffaction of compo- wy Ratio of the mass of component B to the | This quantity is dimerfsionless.
nent B mass of the mixture,
8-13.1| conceptration of compo- | ¢, Amount of substance of component B | Formerly also called molarity of com-
nent [B, amount of sub- divided by. volume of the mixture. ponent B
stancg concentration of In chemistry also indicated as [B]
compgnent B
8-14.1 | mole {raction of compo- T, Ratio of the amount of substance of | These quantities are dimensionless.
nent B component B to the amount of sub-
stance of the mixture.
8-14.2 | mole | ratio of solute ry Ratio of the amount of substance of | For a one-solute solution
component B solute component B to the amount of | r—x/(1—x)
substance of the solvent.
8-15.1 | molality of solute compo- | ag The amount of substance of solute
nent B component B in a solution divided by
the mass of the solvent.
8-16.1] chemikal potential of Up For a mixture with components For ?pure s(ubstance
compénent B B, C,..., p=G/n =Gn
uy =0G/3ny) T,p,n_, ..., where G, is the molaF Gibbs function.
where ny is the amoun(:of substance of The symbol p is also uged for the quan-
B . .
componentBand (Gisthe Gibbsfunction, zlczs(t;an:\/tj.vm where Ny is the Avogadro
8-17.1 | absolute activity of v 75 = exp ias/ i1} Fhisquamtity s dimensionless.
component B For R and T, see 8-33.1
8-18.1 | partial pressure of com- Py For a gaseous mixture, .
ponent B Py =Zg'D
(in a gaseous mixture) where p is the pressure.
8-19.1 | fugacity of component B for DX For a gaseous mixture, [, is propor- | f,,=4n-lim (xpp/in)
(in a gaseous mixture) v tional to the absolute activity Ap, the | o u{”):gs
proportionality factor, which is a func- * A; li g .
. . p*=21-lim(p/d)
tion of temperature only, being deter- p—0
mined by the condition that at constant | where 4 is the absolute activity.
temperature and composition f,/ps | (For the symbol, see also 8-20.1)
tends to 1 for an infinitely dilute gas.

1) See footnote 1 on page 2.
2) See footnote 2 on page 2.
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8. Physical chemistry and molecular physics (continued)

Units
8-8.a...8-19.a
Name of unit .
Item and in certain | IMternational .
No. | cases abbreviation S)'mbql Definition Conversion factors Remarks
for this name for unit
8-8.a | joule per mole J/(mol - K)
kelvin
8-9.a | joule per mole J/(mol - K)
kelvin
8-10.a | reciprgcal cubic m—3
metre
8-11.a | kilogram per kg/m?
cubic metre
8-13.a | mole pgr cubic mol/m?
metre
8-13.b | mole ppr litre mol/t 1 mol/l =10* mol/m?® (exactly) | A solution with|the concentra-
tion y mol/l is called a y molar
solution.
8-15.a [ mole pg¢r kilo- mol/kg
gram
8-16.a | joule p¢r mole Jimot
8-18. cal Pa _ 'm2 For other units of pressure, see
2| pas 1Pa=1N/m ISO/R 31/Part I, in particular
1 atm = 101325 Pa (exactly)
8-19.a| pascal Pa See 8-18.2
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8. Physical chemistry and molecular physics (continued)

Quantities
8-20.1...8-30.1
Item .
No. Quantity Symbol Definition 1) Remarks 2)
8-20.1 | activity coefficient of com- | f_ For a liquid mixture This quantity is dimensionless.
ponent B fo = An/(As
g Al P 8= Ap/(Axxn),
(in a liquid or a solid mix- o, -
ture) where A is the absolute activity of the
pure substance B at the same tempe-
rature and pressure.
8-21.1| activity of s?lute compo- | as. am,n For a solution, an is proportional | This quantity is dimensionless.
nent B, relative activity of to the absolute activity ip, the pro- im  melm®
. . N . . 9 !
solute component B portionality factor, which is a function | ar = A 5, _
(especially in adilute liquid of temperature and pressure only, | _ ° . 'f‘B
solutjomy belng determined by The condition | e quahtity o p—siilarly defined in
that at constant temperature and pres- | terms of the concentration ratio cn/c°
sure ap divided by the molality ratio | i also called: activity pr relative activity
mp/m® tends to 1for infinite dilution; ofsoll{te component B; c® is a reference
m°® is a reference molality, usually | Molarity, usually 1 mql/l
1 mol/kg Jy lim cB/c®
Qe,B =\AB ZCB—>0 _—ZB_
The subscript ¢ in a4,p is often omit-
ted.
8-22.1| activity coefficient of Vs For a solution, This quantity is dimgnsionless.
solute component B _ as The name activity coefficient of solute
(espdcially in a dilute liquid Vg = me/m® component B is also yised for the quan-
solutjon) tity s, defined as
Py = _de.B
B cglc®
See item 8-21.1
8-23.1 | osmdtic coefficient g, The ratio of the difference between the | This quantity is dimefsionless.
of a polution chemical potential of the pure solvent
and that of the solvent in solution to
the corresponding difference for an
ideal dilute solution.
8-24.1 | osmdtic pressure I The excess pressure required to main-
taifrosmotic equilibrium between a solu-
tion and the pure solvent separated by a
membrane, permeable only to the sol-
vent.
8-25.1 | stoichiometric number of | v, The integers or simple fractions occur- | This quantity is dimepsionless.
component B ring in the standard expression for a In the present fo thtion the stoichi
chemical reaction: 0= ZvB, metricpnumbers l;g\ru z::tr;ntseas . nega.
where the symbol B indicates the mole- | tive and those for products are rg '.‘te.g:"
cules or atoms involved in the reaction. | P positive.
8-26.1 | affinity A A = —Zvpup
8-27.1 | equilfbrium constant Ky For gaseous reactions, K, is the equi- | K, is a function of temiperature.
- AL Instead of fugacities| (or partial pres-
librium value of the product 111, {Py sures), concentrations, mole fractions
or molalities are aljo used to define
equilibrium constanty. These constants
are denoted by K., K, and K.
m -= Iur “my,
8-28.1 | mass of molecule m where m, is the (unified) atomic mass
constant, see ISO/R 31/Part IX.
8-29.1 | electric dipole moment p. B The electric dipole moment is a vector | The subscripts ¢ and m may be used
of molecule quantity, the vector product of which | to distinguish between electric and
with the electric field strength is equal | magnetic moment.
to the torque.
8-30.1 | electric polarizability of a | « Induced electric dipole moment divided | y is also used. .
molecule by electric field strength.

1) See footnote 1 on page 2.
2) See footnote 2 on page 2.



https://standardsiso.com/api/?name=fdb4e5720b1c09a5d2eaf9db39cf2a63

8. Physical chemistry and molecular physics (continued)

Units
8-24.2...8-30.2
Name of unit | .
Item and in certain nternational .
No. | cases abbreviation fsymbql Definition Conversion factors Remarks
for this name or unit
8-24.2 | pascal Pa
8-26.a | joule ppr mole J/mol
8-27.a | pascal faised to Pai¥n
the poyer 2y, '
. For (unified) atomic mass unit,
8-28.a k||ogram kg Tu=m (12 C)/12
see ISO/R 31/Part IX
8-29.a| coulomb metre C'm The electrostatic CGS unit of
electric dipole moment of a
molecule corresponds to
3.33563 x10-2C*m
8-30.a| coulomb metre C-m?/V The electrostatic CGS unit of
squared per volt polarizability ofamolecule equal
to 1 cm?, corresponds to
1.11265x10-'* C-m*V
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8. Physical chemistry and molecular physics (continued)

Quantities
8-31.1...8-44 1
Item .
No. Quantity Symbol Definition 1) Remarks 2)
8-31.1| partition function 0z The sum of the quantitities This quantity is dimensionless.
exp(—FEi/kT) over all quantum states i, | For k see 8-34.1
where E; is the energy of state i. Z is used for the total partition function.
8-32.1| statistical weight g Multiplicity of quantum state. This quantity is dimensionless.
8-33.1| molar gas constant R The universal constant of propor- | R = (8.3143 4 0.0012) J/(mol:K)
tionality in the ideal gas law:
pVam = RT
8-34.1 | Boltzmann constant k k = R/Na k =(1.38054 (% 0.00018) x 10-2 y/K
B is used for 1/kT} where T is the
thermodynamic temperature.
8-35.1 | mean free path LA For a molecule, the average distance
between two successive collisions.
8-36.1 | diffupion coefficient D npws) = —Dgrad ng,
where np is the local number density. of
component B in the mixture and {wg)
is the local average velocity of.thé com-
ponent.
8-37.1 | thermal diffusion ratio kr In the stationary state'of a binary mix- | These quantities are dimensionless.
ture in which thermal diffusion occurs:
grad xg = — (kn/T)grad T,
where xp is.the local mole fraction of
the heavier'component B and T is the
local temperature.
8-37.2 | therfnal diffusion factor Xp ApvL by xaxs,
where xa and xp are the local mole
fractions of the two components.
8-38.1 | thermal diffusion coefficient| Dy Dy = kr-D
8-39.1 | atonjic number Z The number of electrons in a neutral | This quantity is dimensionless.
atom.
8-40.1 | elementary charge e The electric charge of 2 proton. The magnitude of the electric charge
of an electron is eqyal to e.
e = (1.60210 + 0.00007) x 10" C
8-41.1 | charge number of ion z The ratio of the charge of theion tothe | This quantity is dimgnsionless. .
elementary charge. This quantity is negjtive for a negative
ion.
8-42.1 | Faraday constant F F=N,e F = (9.64870 + 0.000 16) x 10% C/mol
8-43.1'| ionic strength 1 The ionicstrength of a solution is defined
: as | = 3Zz?my,
where thesummation is carried outover
all ions with molalities my.
8-44.1 | degree of dissociation o The ratio of the number of dissociated | This quantity is dimensionless.
molecules to the total number of mole-
cules.

1) See footnote 1 on page 2.
2) See footnote 2 on page 2.
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8. Physical chemistry and molecular physics (continued)

gram

Units
8-33.a...8-43.a
Name of unit
Iltem and in certain Interrr;a':ic;nal Definiti C .
No. | cases abbreviation fsy qt efinition onversion factors Remarks
for this name or uni
8-33.a| joule per mole J/(mol-K)
kelvin )
8-34.a | joule pef kelvin J/K
8-35.a| metre m
8-36.a | square nfetre m?/s
per secofid
8-38.a | square mletre m2/s
per second
8-40.a | coulomb C
8-42.a | coulomb per mole | C/mol
8-43.a { mole per kilo- mol/kg
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8. Physical chemistry and molecular physics (end)

Quantities
8-45.1...8-47.1
Item S .
No. Quantity Symbol Definition 1) Remarks 2)
8-45.1| electrolytic conductivity Vs %y K, O The electrolytic current density divided | This quantity was formerly called spe-

by the electric field strength.

cific conductance.

8-46.1

molar conductivity

Am

Conductivity divided by concentration

8-47.1

transport number

The ratio of the current carried by a
specified kind of ions to the total current.

This quantity is dimensionless.

1) See footnote 1 on page 2.
2) See footnote 2 on page 2.
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