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1. Introduction

1.1. In 1976, the Committee on Standards (since 1979 the Scientific Commit-
tee) of the International Federation of Clinical Chemistry established the Ex-
pert Panel on pH and Blood Gases. Among its terms of reference is the prepara-
tion of recommendations on quantities and units for the components H, C02,
and 02. The present document has been worked out in collaboration with the
IUPAC Commission on Quantities and Units in Clinical Chemistry, which has
previously published general recommendations on quantities and units in
clinical chemistry (7.9).

1..2. The quantities mentioned in the subsequent paragraphs are all defined and
described in more detail in the Appendices. The list of quantities and units
(6.1) has a similar format as the authoritative documents, ISO-31, from Techni-
cal Committee 12 of the International Organization for Standardization (7.8).
The purpose of this list is to make the explicit definitions of the various kinds
of activities and activity coefficients available to clinical chemists who are using
ion-selective electrodes or certain other physico-chemical anal,ttical techniques.

1.3. The number of different kinds of quantities is very large. This is partly due
to a considerable redundancy among the different kinds of quantities, e.g. the
similarity of the quantities substance fraction, substance concentration, and
molality, which lead, for instance, to three different activity scales and three
different activity coefficients for solute B in a solution.

Reproduced from Clinica Chirnica Acta, Vol.108 (1980), pp.501F—539F
by courtesy of ElsevierJNorth—Holland Biomedical Press, Amsterdam.
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Data reduction is essential in practical clinical work. It is therefore necessary
to try to reduce the number of different kinds of quantities that are employed
in practical clinical work as much as possible and try to select those quantities
that are of significant clinical value.

So a selection has been made among the many alternative ways of indicating
the chemical potential of a component in a system (6.4) and those quantities
preferred for clinical use have been indicated by an asterisk. Other quantities
listed in the Appendices (e.g. activity coefficients, solubility coefficients,
osmotic coefficients, etc.) are primarily of interest in the clinical chemical labo-
ratory for purposes of calculation.

2. The extensive and the intensive chemical quantities

2.1. The physico-chemical description of a component in a chemical system is
based on two fundamental groups of quantities:

(1) An extensive quantity (or capacity factor): the amount of substance of
the component added or removed in the process of formation of the sys-
tem, positive when added, negative when removed. This quantity is some-
times called the stoichiometric amount of substance of the component in
the system, symbol n0.

(2) An intensive quantity (or intensity factor): the chemical potential of the
component in the system, symbol ji.

These chemical quantities are analogous to the spatial quantities, volume and
pressure; the thermal quantities, entropy and temperature; the electrical quanti-
ties, electric charge and electric potential. The products of the extensive and
the intensive quantities all represent energy: chemical energy, spatial energy,
thermal energy (heat), and electrical energy, respectively.

2.2. The stoichiometric amount of substance of the component (B) in the sys-
tem (5) is usually divided by the volume of the system, providing the stoichio-
metric concentration (c0) of the component in the system:

BS _n0B(S)c ( )-
V(S)

The component added to the system may dissociate or react with other com-
ponents to form a series of derived components and only a fraction of the origi-
nal component may actually exist in a free form in the system.

The stoichiometric concentration of the component equals the substance
concentration (c) of the component including all the derived forms (or more
correctly the change in that quantity as the component is added or removed in
the process of formation of the system). This can be formulated as follows:
c0B(S) = ctB(S) — ctB(S0)

where tB indicates total B including free and derived forms, and S0 indicates
the system before adding B. In many cases ctB(S0) =0 but this is not the case
when B is formed from the other components; for example, in a system consist-
ing of H20, H, and Cl, H is present in the water before any H is added.
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In clinical chemistry, the substance concentration is more generally em-
ployed than the stoichiometric concentration and several rules have been for-
mulated to indicate the various derived forms of the component, e.g. mixtures
of a defined chemical component and its derivatives may be denoted by the
plural form of the name of the pure unchanged substance, or to indicate the
sum of components specified in individual quantities the specification "total"
may be employed (7.5). Examples of such quantity names are given in 6.3.

2.3. The chemical potential of a component in a system is defined as the differ-
ential change in internal energy (U) divided by the differential change in the
stoichiometric amount of substance of the component, maintaining other inde-
pendent variables constant, i.e. volume (V), entropy (S), electric charge (Q),
and stoichiometric amount of other components (B2, B3, etc):

(au
\Ofl0D1 v,s, Q,n0B2,n0B3,etc.

The chemical potential is generally converted to an exponential function, the
absolute chemical activity (A):

AB(S) exp jiB(S)

Chemical activity can only be measured relative to a standard state, for ex-
ample relative concentrational activity (ar):

B S - AB(S)a
where S is an ideal solution with cB(S) = 1 mol/l.

The concentrational activity may be divided by the concentrational activity
coefficient (y) to provide the substance concentration of the component in the
free unbound form:

cB(S) = mol/l.

The general practice in clinical chemistry is to report the substance concen-
tration of the (free) component rather than the chemical activity. Exceptions
from this rule are the intensive quantities related to the following components:
(1) hydrogen ions, where the intensive quantity is described in terms of pH;
(2) the blood gases (CO2 and 02) which are described in terms of the partial
pressure;
(3) water, which is described in terms of the osmolality or the osmotic concen-
tration.
These and related quantities are listed in 6.4 and are discussed in the following.
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3. pH and the active substance concentration of hydrogen ions

3.1. The quantity pH is defined as the negative decadic logarithm of the molal
activity of hydrogen ions:
pH — lg amH = —lg(yW . mH/mol . kg) = —R T in 10
where am is molal activity, 'y is molal activity coefficient, and m is molality.
The definition is traditionally based on molality rather than substance concen-
tration (7.1). pH is linearly related to the standard molal chemical potential of
hydrogen ion (jiH).

3.2. Chemical potential or activity of ions cannot be determined on purely
thermodynamical basis. This is due to the fact that the effects of an ion cannot
be separated from the effects of the accompanying counter-ion, or in other
terms, the electro-chemical potential of the ion cannot be separated into the
chemical and the electrical component. Such a separation must necessarily be
based on a non-thermodynamic convention.

The present convention is based on the assumption that the molal activity
coefficient of the chloride ion in dilute aqueous solutions can be estimated by
means of the Debye-HUckel equation:

A .2 /I/molk
—lg'y= ________

1 + 'B /I/mol kg1
where I is ionic strength, z is charge number of the ion, & is ion size parameter,
A and B are temperature dependent constants.

According to the Bates-Guggenheim convention Cl .B is taken to be 1.5 at
all temperatures (7.1).

3.3. The definitive method for pH measurement in dilute aqueous solutions is
based on measuring the electromotive force (E) of a cell without a liquid-liquid
junction (without transference):

Ag(s) I AgC1(s) dilute aqueous solution I H2 (g, 101,325 kPa) 1 Pt(s)
with added Cl-

The calculation function is:

—E —E
pH R 'T' in 10 'F + lg(mCl/mol kg') + lg7Cl.

E° is the standard electrode potential of the Ag/AgC1 half cell (E° = 0,21423 V
at 37°C). mCl is measured and yCl is calculated from the equation in 3.2.
NaCl is added in different amounts and the results are extrapolated linearly to
zero molality of added NaC1.

The definitive method is employed for determining the pH in a series of
primary aqueous calibration solutions, the so-called NBS-buffers (National
Bureau of Standards, U.S.A.) (7.1, 7.3).
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Note:

The standard electrode potential (E°) of the Ag/AgC1 half cell is defined as the potential of the cell:

Pt H2(g, 101,325 kPa) aqueous solution of HC1 AgC1 Ag
(s) / amHCl = 1 (s) (s)

The cell potential (E) as a function of the molal activity of HC1 is given by the Nernst equation:

E = in CrnHC1.

We introduce

I mHCl\
amHCl = (am±)2 =

mo'iii)
where am± is the geometric mean ion activity and 'y± is the geometric mean ionic activity coefficient and
mHCI is the stoichiometric molality of HC1.

According to the Debye-Hückel theory, in dilute aqueous solutions of a one-one electrolyte —in 7± =
A /m/mol/kg) where A is a constant.

Therefore

2RT mHC1 2RTA 11mHC1E+ ln =E+ -.F mol/kg F mol/kg

If the quantity on the left is plotted against JmHCI/(mol/kg), and extrapolated back to m =0, the
intercept at m = 0 gives the value of E°. In practice an extended form of the Debye-Hückel theory is
often used to give a somewhat better extrapolation function.

3.4. The reference method for inorganic aqueous solutions is based on a cell
with a liquid-liquid junction:

Reference electrode concentrated solution X I H2 (g) Pt(s)
KC1 solution
(m> 3,5 mo1/kg)

The calculation function is:

E(X) — E(S)
pH(X)=pH(S)_R T lnlO/F'
where S is one of the calibration solutions mentioned in 3.3. This equation is
generally called the "operational" pH definition (7.14).

The reference method is subject to a small variable bias due to a possible dif-
ference between the liquid junction potential for the calibration solution and
the unknown solution.

The hydrogen gas electrode is unsuitable for biological fluids where the refer-
ence method must be based on the glass electrode. The reference method for
pH measurement in blood will be described in more detail in a subsequent
document.

3.5. In order to draw analogy to the way in which other quantities are reported
in clinical chemistry it has often been suggested to report the substance concen-
tration of hydrogen ion rather than pH. However, in view of the international
agreement concerning the pH scale and the reference method for pH measure-
ment (7.14) we recommend to continue to use the quantity pH also in clinical
chemistry.
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The substance concentration of H is often calculated erroneously as the
antilogarithm of the negative pH value, without taking the activity coefficient
of the hydrogen ions into account. If a quantity with the same unit (mol/1) as
substance concentration of H is warranted, we recommend to report the active
substance concentration () of the hydrogen ions, calculated as

= 10—pH . p(H20) . mol kg
where p(H20) is the mass density of pure water ( 0.993 kg/i at 37°C). For ex-
ample, pH = 7.40 (as measured with a pH-electrode); the active substance con-
centration of hydrogen ion is then: 10° (0,993 kg . 1-1) . mol
kg = 39,81 X 1O)< 0,993 . mol . 1' = 39,53 nmol/l. For many practical pur-
poses the mass density of pure water may be taken to be 1,00 kg/i in which
case the following approximation applies:
'H=1O_'• mo1'l.
3.6. The pH concept should not be generalized to other ions measured by
means of ion-selective electrodes (e.g. Na, K, Ca2) or to other components in
general.

Ion-selective electrodes should be calibrated in a manner analogous to pH
electrodes, i.e. on the basis of molal activity (am). However, for clinical chem-
ical purposes the results should be reported as the substance concentration of
the (free) ion and calculated by means of the appropriate activity coefficient
(y), e.g. for Ca2:
cCa2 = amCa2 p(H20) (yCa2) mol kg'.
For example, molal activity of calcium ion: amCa2 = 0,36 X iO (as measured
with a Ca2-electrode) and concentrational activity coefficient of calcium ion:
yCa2 = 0.3 (estimated for ionic strength = 0,16 mol/kg) provide a substance
concentration of free calcium ion:

cCa2 = 0,36 X 10 . (0,993 . kg . r') X 0,3 mol kg1 = 1,19 mmol/1.

3.7. It has been suggested to use the unit bel for the pH quantity in order to
"flag" that the pH value represents the negative decadic logarithm of another
quantity (7.13). We recommend to restrict the use of the bel (or decibel) to an
amplitude or power level difference (7.8).

The pH quantity is dimensionless and consequently has the unit one (1).
Example: pH 7,40, not pH = 7,40 pH units, and not pH 7,40 bel.

3.8. It has been claimed that the mean value of a series of pH values should be
calculated as the negative logarithm of the mean value of the corresponding hy-
drogen ion activities: (pH) = —lg( antilg pH)/N).

We recommend to use the arithmetic mean of the pH values: (pH)( pH1)/N. The arithmetic mean is directly proportional to the mean value of
the chemical potentials and it represents the geometric mean of the correspond-
ing chemical activities. The "mean ionic activity" of an electrolyte solution is
in fact defined as the geometric mean of the individual ion activities.
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4. The partial pressure of gases in solution

4.1. Partial pressure (p) of a component (B) in a gas mixture (G) is defined as
the substance fraction (x) of the component times the pressure of the gas mix-
ture:

pB(G) = xB(G) . p(G).
Partial pressure is a kind of quantity which strictly speaking only applies to a
component in a gas mixture. When applied to gases in liquid solution (S) we
recommend to interpret the quantity as being equal to the partial pressure in
an ideal gas mixture in equilibrium with the solution, or alternatively, as being
equal to the fugacity () in a real gas mixture in equilibrium with the solution:

pB(S) PB(Gjea15) B(GreaiIS)
Fugacity (j) of a component in a gas mixture is defined as the fugacity coeffi-
cient (g) for the component times the partial pressure:

jiB(G) =gB(G) pB(G).
Therefore the unit of fugacity is the same as the unit of pressure.

4.2. The partial pressure (fugacity) of a solute (B) in a solution is directly pro-
portional to the rational chemical activity (ar) of the solute. This relationship
is called Henry's law:

pB(S)=
1

aB(S).
B(S)

B(S) is the ideal rational solubility coefficient, the reciprocal of which is called
the Henry law constant.

For the solvent (A) the relationship is called Raoult's law, and the propor-
tionality factor is the fugacity of the pure solvent 13 A(A)

pA(S) = 15A(A) . aA(S).

4.3. The substance concentration of the component in a solution can be
derived from the partial pressure by multiplication with the concentrational
solubility coefficient (ar):
cB(S) = aB(S) . pB(S).
For usual clinical chemical purposes we recommend to report the blood gases
(CO2 and 02) in terms of the partial pressure rather than the substance concen-
tration because of the need for comparison with or evaluation of the composi-
tion of the alveolar air.
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5. Osmolality and osmotic concentration

5.1. The chemical potential or the activity of water in an aqueous solution is
determinative for several 'colligative' properties: water vapour pressure,
osmotic pressure, freezing point depression, and boiling point elevation.

5.2. In clinical chemistry the activity (a) of the water is generally expressed in
terms of osmolality th, which is defined as the quotient of negative natural
logarithm of the rational activity of water and molar mass (M) of water
(18 g/mol):

—lnaH2O(S)
m(S) M(H20)

The unit is mol/kg (not "osmol"/kg).
In order to obtain the same unit as substance concentration, we recommend

to use osmotic concentration (ê), which equals the osmolality times the mass
density (p) of water:

ê(S) = th(S) 'p(H20).
As p(H20) 1 kg/i the numerical value of osmotic concentration (in mol/l)
practically equals that of osmolality (in mol/kg).

5.3. The osmotic concentration (osmoiarity) is generally calculated on the
basis of measurement of the freezing point depression (Z Tf) by dividing with
the concentrational freezing point depression constant (K1,), which is 1,855 K/
(mol/l) for aqueous solutions:

= L\T1(S)

Ic
It is generally tacitly assumed that the osmotic concentration at the tempera-

ture of freezing (of plasma or urine) equals the value at 37° C. In order to ob-
tain the true osmotic concentration at 37°C it is necessary to calculate the
value on the basis of vapor pressure (pH2 0) measured at 37°C:

—ln(pH2O(S)/pH2O(H20))c(S) =
Vm(H20)

where pH2 O(H2 0) is the vapour pressure of pure water and Vm (H2 0) is the
molar volume of water (18 ml/moi).

5.4. The reason for using the osmotic concentration in clinical chemistry is
that this quantity can be directly compared to the sum of substance concentra-
tions of the solutes (c Solutes), the ratio between the two quantities being the
concentrational osmotic coefficient (Ø), which is generally close to unity for
biological fluids:

ê(S) = Ø(S) . c Solutes(S).
In other words, for many practical purposes the osmotic concentration may be
adequately estimated on the basis of measurements of the substance concentra-
tions of the principal solutes in a solution.
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6. Appendices

6.1. List of quantities and units related to the chemical potential and the chein-
ical activity of solute and solvent in a solution, and the fugacity of a compo-
nent in a gas mixture

The list contains the following columns:

6.1.1. Quantity
6.1.1.1. Name: the names refer to the kind of quantity. The full designation of
a quantity also requires a specification of the system, and often the compo-
nent, e.g. volume of a given system, mass concentration of a given component
in a given system.

A few alternative names are given, e.g. electric charge =quantity of 1ectric-
ity (2.6).

Parentheses indicate a part of the name, which may be omitted if no ambi-
guity is introduced.
6.1.1.2. Symbol: the symbols refer to "kind of quantity" and should be italic-
ized. An alphabetical index of the symbols is given in 6.4. As far as possible the
symbols are consistent with previous recommendations.

The symbol for the quantity requires specification of system, and often of a
given component e.g. mass concentration (p) of a given component (B) in a
given system (S) may be written: PB(S). Although ISO (7.8) and IUPAC (7.11,
7.14) recommend printing the symbol for the component (B) as a subscript, it
may in many cases be printed on the line without introducing ambiguity, e.g.
pB(S).

For system and component the symbols are always printed in roman type.
A physical system (5) may be a pure component or a mixture of components

(B, where i is a running index number). S° is reference system, G is a gas mix-
ture.

Notice that the word mixture is used when the components are all treated in
the same way. The word solution is used when, for convenience, one of the
components (A), which is called the solvent (and may itself be a mixture) is
treated differently from the other components (Be) which are called solutes
(7.14).
6.1.1.3. Definition: the SI (Système International d'Unités) defines a set of
base units corresponding to a set of base kinds of quantities which are exclu-
sively defined in terms of a reference method of measurement. All other quan-
tities are considered derived quantities which can be defined by means of an
algebraic equation containing only base quantities.

An attempt has been made to order the quantities so that all definitions are
based on previous quantities in the List. The equations are written in terms of
the above mentioned symbols.

All the definitions in the List are consistent with definitions given in the
references although sometimes slightly reformulated.
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6.1.2. SI unit

6.1.2.1. Name

6.1.2.2. Symbol: the symbol for the SI unit is given and derived units are
defined in terms of the SI base units.
6.1.3. Remarks

This column contains various important equations which are not considered
to be definitions but which can be derived from previous definitions (with the
exception of the equation for dU (2.1) and Kf (410.6). Cross references to
other paragraphs of the List 6.1 are indicated by the symbol .

In the present international document we prefer the decimal comma as
recommended for all languages by ISO (7.8) although the decimal point is
generally used in English texts.
6.1.4. References

The references given in the different paragraphs of the List indicate where
the given quantity has been previously mentioned. The numbers indicate the
appropriate paragraph in the reference. The absence of references in several
paragraphs indicates that those quantities have not yet been defined or men-
tioned, neither by ISO (7.8), IUPAC (7.14), or IFCC (7.4).
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6.1. List of quantities and units related to the chemical potential and the chem-
ical activity of solute and solvent in a solution, and the fugacity of a compo-
nent in a gas mixture

For explanation of the columns, see text section 6.1.

6.1 Quantity

§ Name Symbol Definition

1.1 length
1.2 mass m

1.3 time t
1.4 electric current I
1.5 thermodynamic temperature T
1.6 amount of substance n
2.1 energy E, U E = m 'c2

2.2 entropy S dS = dU/T, dV = dnB = dQ = 0

2.3 Celsius temperature 0, t 0 = T — T0, T0 = 273,15 K

2.4 volume V V=13

2.4.1. (partial) molar volume Vm / a V(S)
VmBl(S) = I

of component (in system S) \anB1 (S) T,p,nB2 ,nB3

2.5 pressure p, p / a u
p=—l-—-IaV S,Q,nB1

2.6 electric charge; Q dQ = I dt
quantity of electricity

2.7 electric potential; q, v, E ía ut
electromotive force = ail V,S,nB



PROVISIONAL: Physicochemical quantities and units in clinical chemistry 1617

Unit Remarks References

iso 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

Name Symbol

metre m 1. Base quantity and SI base unit 1—3.1 2.1.01 4.1
kilogram kg 1. Base quantity and SI base unit 3—1.1 2.2.01 4.4
second s 1. Base quantity and SI base unit 1—6.1 2.1.12 4.23
ampere A 1. Base quantity and SI base unit 5—1.1 2.6.05
kelvin K 1. Base quantity and SI base unit 4—1.1 2.4.01 4.18
mole mol 1. Base quantity and SI base unit 8—3.1 2.3.06 4.6
joule J = m . kg 1. E is relativistic energy. 4—19.1 2.4.07

U is preferred for internal energy
2. c = speed of light in vacuo (in this para-

graph).
3.dU=—pdV+TdS+çbdQ-f-

dnB
joule JfK 4—17.1 2.4.06
per m2kg
kelvin . K
degree °C 4—2.1 2.4.02 4.19
Celsius

cubic m3 1. In the present context the litre is em- 1—5.1 2.1.11 4.3
metre, ployed as the unit for volume.
litre 1 = dm3 2. Conference Générale de Poids et Mesures

has adopted the capital L as an alternative
symbol for litre to avoid confusion with
the number 1

litre 1/mo! 1. The molar volume of a pure substance A 8—6.1 1.4
per mole is: Vm(A) = V(A)/n(A).

2. V(SI = IjVmBj(S) . flB1(S)

pascal Pa 1. Pressure is often defined as the force 3—13.1 2.2.19 4.21
= J m3 perpendicular to a surface divided by the
= m . kg- area of that surface. This gives the errone-

ous implication that pressure is a vector
quantity.

2. The non SI unit of pressure mmHg = Torr
(= 0,1333kPa) is still widely employed in
the clinical literature especially for blood
pressure

coulomb C= 5—2.1 2.6.02
sA

volt V 1. is preferred for inner electric potential, 5—6.1 2.6.07
= J C' E is preferred for electromotive force.
= m2 . kg In the present context V volume.A
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

2.8 charge number
of component B

zB = QB/e

2.9 Gibbs energy G

2.10 (absolute) chemical potential
of component B1

2.11 (absolute) electrochemical potential
of component B1

2.12 (standard) chemical potential
of component B (in system 5)

2.13 absolute activity
of component B (in system 5)

3.1 mass concentration p
of component B (in system S)

3.2 (amount-of-)substance fraction; x
mole fraction

of component B1 (in system S)
3.2.1 saturation fraction s, S

of component B (in system S)

3.3 molality m, b
of solute B (in solution S)

G= U+p V—TS

I=
-;;-i;) V,S,Q,nB2,nB3,---.

Bi =
V,S,nB2,nB3,---.

= jIB(S) —/.LB(S)

2B(S)AB(S) exp

mB(S)
p B(S) =

nB1(S)xB1(S) =
InB(S)

sB(S) = nB(S)/nB(S, sat)

nB(S)
mB(S)=

mA(S)
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1. QB is the charge of one B elementary
entity (molecule, ion).

2. e = elementary charge (160,21892 ±
0,00046) X 10-21 c.

1. dG = V dp —s dT+çb . dQ +
dnB,

1. Only differences in .zB can be measured
(p2.1 2).

13G2. iB1 =
anB1 p,T,Q,nB2,nB3,-

(follows from 2.1 and 2.9).
3. Notice: zB1 * 0 dQ * 0.
4. B is proportional to the electric poten-

tia.1 (F) of an ideal electrode for compo-
nentB: iLBzBF E

1. Notice that Q is not constant.
2. Only differences inB can be measured.
3. B(S) = LB(S) + zB F (S)

F (96 484,56 ± 0,27) C moV1
4. See also introductory section 3.2.
1. S° is a standard reference system, which

must be specified.
2. For the solvent A the reference system is

the pure solvent, and for a component B
in a mixture the reference system is gen-
erally the pure B (p6.1.1).

3. For a solute B the reference system may
be S (p6.1.2), Sj (p7.2) or S (p7.3).

4. For a gas mixture the reference system is
G (7.4).

1. Only the relative XB can be measured
( 6.1.1, 6.1.2, 7.2, 7.3, 7.4).

2. R = molar gas constant
(8,31441 ± 0,00026) . J K' moV1.

1. p is also used as symbol for mass density
of a system

'S) = rn(S)
V(S)

1. (S, sat) indicates the system saturated
with B.

2. Capital S is used as the symbol of satura-
tion fraction in the physiological literature.

1. A is the solvent.
2. In the present text the rn is preferred

as the symbol for molality whereas m
indicates mass. The symbol b is fa-
voured by ISO/TC 12 as an alternative
symbol. In clinical chemistry the
symbol b is employed for catalytic
activity concentration.

Unit Remarks References

ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

Name Symbol

one

joule
m2 kg

joule J/mol
per =m2kg
mole 2 . mol1

joule J/mol
per =m2kg
mole 2 . moI

joule J/mol
per =m2kg
mole 2 . moV1

one 1

kilogram kg/l
per 103m3
litre kg

one 1

one

mole
per
kilogram

8—41.1 2.7.02 4.4

4—19.4 2.4.12

8—16.1 2.4.25 A.I.1

2.7.05

Ref. 7.11

8—17.1 2.4.26 A.I.1

8—11.2 2.3.12 4.8

8—14.1 2.3.07 4.13

8—15.1 2.3.10 4.12mol/kg
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

3.4 (amount-of-)substance concentration c nB(S)
cB(S)of component B (in system S) V(S)

3.5 partial pressure p, P pB(G) = xB(G) . p(G)
of component B (in gas mixture G)

3.6 ionic strength I I(S) = . 1(zB(S))2 .
mB1(S)

(of solution S)

4.1 absolute rational activity coefficient k XB(S)XxB(S) =of component B (in system 5) xB(5)

4.2 absolute molal activity coefficient = XB(S)
XmB(S)of solute B (in solution 5) mB(S)

4.3 absolute (substance-)concentrational Xc, XB(S)
activity coefficient XB(S) =—

cB(S)
of compoent B (in system S)

4.4 absolute fugacity coefficient
= XE(G)

of component B (in gas mixture G) XB(G) pB(G)

5.1.1 activity coefficient I XxA(S)
of solvent A (in solution S) fA(S)

urn XxA(S)
or of component A (in a mixture S) xA(S)—+1

5.1.2 rational activity coefficient
of solute B (in solution S) fxB(S) =

urn XxB(s)
xA(S)—1
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Unit Remarks References

Name Symbol ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

mole mol/l 1. From cfi 3.1, 3.3, and 3.4 follows: 8—13.1 2.3.11 4.11
per cB(S) = mB(S) pA(S).
litre 2. The symbol [B] is often employed

for cB.

pascal Pa 1. Partial pressure applies to a component 8—18.1 A.I.5 4.22
= m kg. in a gas mixture; when applied to gases in

liquid solution the quantity strictly speak-
ing applies to a hypothetical ideal gas phase
in equilibrium with the liquid. The name
(gas) tension has been suggested for this
kind of quantity, and also the name vapour
pressure. See also introductory section
4.1.

2. The capital P is used as the symbol of
partial pressure in the physiological litera-
ture.

mole mol/kg 1. Sometimes ionic strength is calculated 8—43.1 2.4.29
per from substance concentration (symbol Ia).
kilogram It is preferable, however, always to define

ionic strength on the basis of molality.
one 1 1. This kind of quantity has not been defined

in the references but it is useful for the
definition of the rational activity coeffi-
cient (p5.1).

2. Only the relative XB can be measured( 5.1).

kilogram kg/mol 1. This kind of quantity has not been de-
per fined in the references but it is useful for
mole the definition of the molal activity co-

efficient (35.2).
2. Only the relative XmB can be measured( 5.2).

litre 1/mol 1. This kind of quantity has not been defined
per = 1o • m3 in the references but it is useful for the de-
mole mol1 finition of the concentrational activity co-

efficient ( 5.3).
2. Only the relative XB can be measured( 5.3).

reciprocal Pa 1. This kind of quantity has not been defined
pascal = m kg1 in the references but it is useful for the def-

inition of the fugacity coefficient ( 5.4).
2. Only the relative XB can be measured( 5.4).

one 1 1. Urn fA(S) = 1 8—20.1 2.4.3 1 A.I.7
xA(S)-*1 A.I.14

one 1 1. urn fIB(S) = 1. A.I.11
xA(S)-1
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

5.2 molal activity coefficient
of solute B (in solution S)

5.3 (substance)concentratlonal activ-
ity coefficient
of solute B (in solution S)

5.4 fugacity coefficient
of component B
(in gas mixture G)

6.1.1 (relative) activity
of solvent A (in solution 5)
or of a component A (in a mix-
ture 5)

6.1.2 (relative) rational activity
of solute B (In solution 5)

6.2 active molality
of solute B (In solution S)

6.3 active (substance) concentration
of solute B (in solution 5)

6.4 fugacity;
active partial pressure

of component B (in gas mixture G)

7

y

g

'yB(S) = AB(S)
lim XmB(S)
xA(5)-*1

yB(S) =
urn XB(5)

xA(S)-1

X,B(G)gB(G) =
urn XB(G)
p(G)-÷O

a aA(S) fA(S) xA(S)

aB(S) = f8(5) xB(S)

m, b MB(S) = 'yB(S) mB(S)

B(S) = yB(S) cB(S)

1,; jB(G) = gB(G) pB(G)
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Unit Remarks Remarks

Symbol

References

Name ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

one 1 1. lim 7B(S) = 1. 8—22.1 2.4.32 A.I.11
xA(S)-÷1

2. For ions in dilute aqueous solutions (I < 8—22.1 2.4.32 A.I.11
0.1 mol/kg) 'yB is a function of I accord-
ing to the Debye-HUckel limiting law:

—lg B=— .\fijmol.kgl
1 +B B JiJmol kg1

where A and B are temperature dependent
constants. A = 0,5215 and B = 3,305 nm
at 370 C.
B is the ion size parameter for compo-
nent B.

3. In most biological fluids 'yB is a more
complicated empirical function of the
ionic composition of the solution.

one 1 1. lim yB(S) = 1. 2.4.33
xA(S)-÷1

2. yB(S) = 'yB(S) p(A)/pA(S)
where p(A) is the mass density of the pure
solvent. (Follows from 3.4, 4.2, 4.3,
and 5.3).

one 1 1.limgB(G)=1. A.I.6
p(G) - 0

one 1 1. aA(S) = XA(S)/XA(S) where xA(S) = 1 2.4.30 A.I.8
(follows from fi 4.1, 5.11, and 6.1.1).

2. Urn aA(S) = 1.
xA(S)-+1

one 1 1. aB(S) = XB(S)/XB(S), where
fB(Si) xB(S) = 1 (follows from A.I.12

4.1, 5.1.2, and 6.1.2).

mole mol/kg 1. This quantity has not been defined by ISO
per or IUPAC although it is analogous to
kilogram fugacity (f 6.4).
mole mol/l 1. This quantity has not been defined by ISO
per = i0 m3 or IUPAC although it is analogous to
litre mol fugacity ( 6.4).

2. 'B(S) = B(S) . p(A)
(follows from 3.4, 5.3, 6.2, and 6.3).

pascal Pa 1. Symbol is preferred in this context, 8—19.1 2.4.27 A.I.6
where f activity coefficient ( 5.1.1).

2. Fugacity is defined for a component in
a gas mixture. When applied to gases in
liquid solution the quantity strictly speak-
ing refers to a hypothetical gas phase in
equilibrium with the liquid. It follows
that the partial pressure (6 3.5) and the
fugacity of a component in a solution
are identical. See also introductory sec-
tion 4.1.
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List 6.1 (ëontinued)

6.1 Quantity

§ Name Symbol Definition

7.2 * (relative) molal activity am B(S)
of solute B (in solution S) am =

7.2.1 hydrogen ion exponent; pH pH(S) = —lg amH(S)
pH

7.3 (relative)(substance-)concentrational a B(S)
activity acB(S) = mol/l
of solute B (in solution S)

7.4 (relative) baric activity ap B(G)
of component B (in gas mixture G) aB(C) =

101,325 kPa

8.1. ideal rational solubility coefficient; Ex aB(S)
rational activity —fugacity coeffi- aXB() =

IIB(G IS)
cient
of component B (in solution S)

8.2 ideal molal solubility coefficient; B(S)
active molality — fugacity coeffi- mB(5) =

j'B(GIS)
cient
of component B (in solution S)

* 7.1 see § § 6.1.1 and 6.1.2.
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Unit Remarks References

Name Symbol ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

one 1 1. aB(S) = XB(S)/XB(Sj), where 8.21.1 A.I.12
ruiB(S) = 1 molfkg (follows from
J 4.2, 5.2, 6.2, and 7.2).

2. This is the activity generally employed
in clinical chemistry for an ion in solu-
tion when using ion-selective electrodes.

one 1 1. Sometimes pH is considered the name of 10
the quantity rather than the symbol.

2. pH may be considered a special kind of
quantity, or it may be considered a spe-
cial type of quantity, i.e. the kind of
quantity "negative decadic logarithm of
molal activity" applied to the hydrogen
ions.

3. The reference method for pH measure-
ment is based on the use of a hydrogen-
ion-responsive electrode, a reference elec-
trode, and a bridge solution of concen-
trated KC1 of a molality not less than
3,5 molfkg. Reference solutions with
known pH have been described. See also
introductory section 3.

one 1 1. a,B(S) = XB(S)/XB(S), where B(S) = 8—21.1 A.1.12
1 molfl.
(follows from f 4.3, 5.3, 6.3, and 7.3).

2. acB(S) = amB(S) p(A)/(kg/l)
(follows from j5 6.3, 7.2, and 7.3).

one 1 1.aB(G)XB(G)/XB(G°)whereB(G) = 101, 325 kPa
(follows from 4.4, 5.4, 6.4, and 7.4).

2. The fugacity jB(G) is used more gener-
ally than aB(G).

reciprocal Pa 1. G IS means gas phase G in equilibrium
pascal = m kg with S.

s2 2. aB(S) = lim(xB(S)fB(GIS))
xA(S)—1

(follows from 4.1, 4.4, 5.1, 5.4, 6.1,
6.4).

3. For the solvent A:ExA(S) = 1/A(A),
where A(A) is fugacity of pure A.

4. only depends on the type of compo-
nent B and the type of solvent A, i.e.
xB(Sl) = B(S2)when the solvent
is the same for S1 and

5. The coefficient ()1 iscalled Henry
law constant. See also introductory sec-
tion 4.2.

mole per (mol/kg)/Pa &only depends on the type of com-
kilogram = m kg2 ponent and the type of solvent.
pascal . mol
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

8.3 ideal (substance-)concentrational dB(S)
solubility coefficient; 0cB(5) =

active concentration —fugacity
coefficient

of component B (in solution S)
9.1 rational solubility coefficient ax xB(S)

of component B (in solution s in pB(G)
equilibrium with gas phase G)

9.2 molal solubility coefficient mB(S)
of component B (in solution s in mB( =

pB(G)
equilibrium with gas phase G)

9.3 (substance-)concentrational cB(S)
solubility coefficient CicB(SIG) =

pB(G)of component B (in solution S in
equilibrium with gas phase G)

10.1 osmolality —lnaA(S)
(of solution S) rh(S)

M(A)

10.2 molal osmotic coefficient
(of solution S) 'm(5) =

mB1(S)

10.3 osmotic concentration —In aA(S)c(S)=—(of solution S) Vm(A)

10.4 concentrational osmotic coefficient 4' ê(S)
(of solution S) 'Pa(S) =

cB1(S)
10.5 freezing point depression LTf 4Tf(S) = Tf(A)— Tf(S)

(of solution S)
10.6 molal freezing point depression con- Kf Tf(S)

!Cf(S) =stant
(for solution S)
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Unit Remarks References

Name Symbol ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

mole per (mol/l)/Pa 1. &,. only depends on the type of compo-
litre m2 nent and the type of solvent.
pascal kg S2

mol

reciprocal Pa 1. SIG means system in equilibrium with
pascal m kg1 . gas phase.

2. B(SIG) = xB(S) . gB(G)/fB(5)
(follows from 43 6.1, 6.4, 8.1, and 9.1).

mole per (mol/kg)/Pa 1. 0mB(8) = mB(S) gB(G)/'yB(S)
kilogram = m kg2 . (follows from 6.2, 6.4. 8.2 and 9.2).
pascal mol

mole per (mol/l)/Pa 1. aB(SIG) = VB(S) .gB(G)/yB(S)
litre i03 . m2 (follows from 6.3, 6.4, 8.3 and 9.3)
pascal kg1 .

mol

mole per mol/kg 1. M(A) = molar mass of A =m(A)/n(A).
kilogram 2. The unit is not "osmol"/kg.

3. pA(S) = pA(A) . exp(—ih(S) . M(A)),
where pA(A) is vapour pressure of pure sol-
vent (follows from 6.1.2, 8.1, and 10.1).

one 1 1. lmB1(S) is the molality of all the solutes A.I.13
in S.

xA(S)1 —1 —ln aA(S)2. lmB(S) = —
M(A) M(A)

for xA(S) — 1

(from 3.2, 3.3, 6.1.1, 10.1).
3. lim m(S) 1

xA(S)-1

— —xA(S) . ln(fA(S) . xA(S))4. 4)m(S) —
1 — xA(S)

mole per molfl 1. V(A) = V(A)/n(A) (2.4.1).
litre = m3 2. The unit is not "osmol"/l.

mol 3. ê(S) = th(S) . p(A), where p(A) is the mass
density of the solvent.
(follows from 10.1 and 10.3)

4. Currently called "osmolarity" because
"molarity" was formerly used for sub-
stance concentration.

one 1 1. 4,(S) = m() p(A)/pA(5)
(follows from 10.2, 10.3, and 10.4).

kelvin K 1. Tf(A) is the freezing point of pure solvent.

kilogram kg K mof1 1. It can be shown that Kf is related to the
kelvin specific enthalpy of melting of the sol-
per mole vent IlHw(A):

Kf(S) = R Tf(A)2/1.Hw(A).
Kf(S) is therefore only dependent on the
type of solvent A.

2. For aqueous solutions: K1 = 1,855 Kf
(mol/kg).
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

10.7 concentrational freezing point Kf
Kf,c(S) =depression constant ê(S)

(for solution 5)

10.8 osmotic pressure Ii Il(S)
(of solution S) —.iA(S) =f Vm(A) . dp(A)

0

8n1P(S) \11.1 buffer capacity (for hydrogen ion) B
B(S) =

(a Ig am}lt(S)) specified conditions(in solution S)

e.g. T, p, nB1,
nB3,

11.2 volumic buffer capacity (for hy- B(S)= —
drogen ion); buffer value (fDr hy- V(S)
drogen ion)

(in solution 5)

11.3 (partial) molar buffer capacity Bm
BmB(S) =of component B (in solution S)

anB(s), specified conditions
11.4 (partial) specific buffer capacity B BwB(S) =

(RB(S)of component B (in solution S)
amB(s), specified conditions

12.1 stoichiometrjc number V 0 = EvB B
of component B (in a chemical
reaction)
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ISO 31 IUPAC Manual
(7.8) (7.14)

l K nvilu1c(s)=Kf/p(A)
= io- m3. (follows from if 10.3 and 10.6).

K . mof1

Pa 1. Ii is that pressure difference be-
= m kg• tween the solution (S) and the pure sol-

vent (A) which provides the same chemi-
cal potential of the solvent in the solu-
tion and in the pure solvent.

2. dVm(A)Idp(A) = 0 fl(S) =
Vm(A), i.e. H(S) = R . T . ê(S)
which is called the van't Hoff equation.

1. nH+(S) means amount of substance of
added H.

2. The independent variables must be speci-
fied. The quantity is different when
either nB1 or j.tB1 is kept constant. If
nothing is specified nB1 is assumed con-
stant.

3. dnH —dnBase and —ig amH = pH:
anBase(S)

B(S)
apH(S)

4. The quantity has been defined for H
only, although similar quantities would
apply for other components.

1. For V(S) constant:

acH(S) —
acBase(S)

—

a ig amH(S)
—

a pH(S)
2. Donald D. Van Slyke first defined this

quantity. The name 'slyke' is sometimes
used as an unofficial unit: 1 slyke =
1 mol/l.

one 1 1. BmB(S) for a H binding group at
pH = PKA is 0,576.

mole mol/kg
per
kilogram
one 1 1. 0 = IvB. B symbolizes a chemical

reaction.
2. The stoichiometric numbers for reactants

are negative, those for products are posi-
tive.

Unit

Name Symbol

Remarks References

litre
kelvin
per mole

pascal

EPQUCC
CQUCC
(7.4)

mole mol

mole molfl

perlitre =10 m3
mol

8—24.1

8—26.1 11.1 2.5.01
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List 6.1 (continued)

6.1 Quantity

§ Name Symbol Definition

12.2 equilibrium constant Ka Ka = H (aBj(S))i(for a chemical reaction)

12.3 molal equilibrium product
Km Km = H (mB(S))i(for a chemical reaction)

12.4 concentrational equilibrium K K = H (CB(S))iproduct
(for a chemical reaction

12.5 baric equilibrium product
Kp K = H (pB(S))"13i(for a chemical reaction)
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Unit Remarks References

Name Symbol ISO 31
(7.8)

IUPAC Manual
(7.14)

EPQUCC
CQUCC
(7.4)

one 1 1. The reaction is 0 = B.
2. S is an equilibtium system for the reaction.
3. The value of Ka depends on the choice of

activity scale. aB1(S) may be rational activity
(ax), molal activity (am), or concentratinal
activity (ar) for the solutes.

4. Ka is related to the standard free energy of
reaction (Gj) as follows:
Ka = exp(—iG%/R . T)
where

= —vB . Bj(S)
The value of depends on the choice of
standard states for the reactants and products.

(mol\ VB Often hybrid equilibrium products are em-
ployed for practical purposes, e.g. calcula-
tion of cHCO3 from pH and pCO2:/molBi -

I— I Reaction: CO2 + H20 H' + HCO31 /
10—pH . CHCO

Khyj
Pa'i + -

K - amH amHCO3
amCO2aH2O

The relationship between the two is:

Khybrid = Ka mC02 aH2O pH2 O/'yHCO3
Ka and m are temperature dependent constants.
aH2 0 varies with the total concentration
of solutes.
pH2O varies primarily with the concentra-
tion of macromolecules (e.g. protein).
7HCO3 varies with the ionic composition
of the solution (ionic strength).
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6.2. Flow charts for definitions of activity coefficients and relative activity

The flow charts illustrate the analogies and the differences between the
definitions of the activity of the solvent (6.2.1) and the three different activ-
ities of a solute (6.2.2). For comparison the definition of fugacity is also illu-
strated (6.2.3).

A rounded box is a quantity; a square box is an equation of definition. A
dotted arrow indicates an alternative way of defining a quantity.

The quantities in the left column can only be measured relative to a refer-
ence quantity: chemical potential ji; absolute activity X; absolute activity co-
efficients Xx, Am, Ac, Ap.

The quantities in the right column are relative quantities which can be
directly measured: activity coefficients f, f, 'y, y, and fugacity coefficient g;
active molality ff2, active substance concentration , fugacity relative activity
a, a, am, a; and standard chemical potential jig'.

6.2.1. Relative activity of a solvent in a solution or a component in a mixture
The chart indicates that this quantity may be defined in three different

ways:
aA(S) = f4(S) . xA(S), aA(S) = XA(S)/AA(S) for xA(S°) = 1,

aA(S) = exp(ji°A(S)/R . T).
Concerning the words mixture and solution cf. 6.1.1.2.
This chart also illustrates the definitions of osmolality (th) and osmotic coeffi-
cient (0) of a solution. mB(S) is the sum of the molalities of all the solutes.
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6.2.2. Relative activities of a solute in a solution
The alternative ways of defining rational activity a, molal activity am, or

concentrational activity a imply axB(Se) = 1, or ffzB(S°) = 1 mol/kg, or
B(S) = 1 mol/l, which may not be physically possible if B is slightly soluble.
Therefore the definition indicated by full arrows was preferred.

pB(S) - pB(S)
crIB(S) = 1

ThB(S) = 1 molAcg
B(S) = 1 mol/[

AB(S) / AB(5)
cxB(S ) = 1

ThB(S) = 1 mol/kg
B(Se) = 1 mol/1

6.2.3. Fugacity of a component in a gas mixture
The relative activity of a component in a gas mixture, aB(G), may be

defined in different ways as indicated by the dotted arrows. The simplest defi-
nition, from fugacity (p), is preferred.

)EI pB(S)

I exp(B(S)/R. i)
1

AB(S) )----.

—((S), pB(S), 'L)

I exp(°B(S)/R.fl J

a,B(S), amB(S). a0B(S)

I
aX/i, ñ/(moI/kg), c7(moJ/I)]

CaxB(S), ThB(SL B(S)D

A/rn, A/c [-. LxB(S),mB(S).cB(S)J-__-_H f•x, i'm, yc
AB(S)/Iim AXB(S)
AmB(S)/lim AmB(S)
ACB(S)/iIm AB(S)(AxB(S), AmB(S), AB(ST)_ fEB(S), 7B(S), yB(S))

C xA(S)
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 C
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e c
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 p
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 b
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d b
y 

a m
od

el
: E

cf
 =

 la
B

 +
 

2a
P

, i
.e

. a
rt

er
ia

l b
lo

od
 d

ilu
te

d 
3 

fo
ld

 
by

 it
s o

w
n 

pl
as

m
a.

 T
itr

at
ab

le
 m

ea
ns

 
fr

ee
 +

 b
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 f
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e 

ex
tr

ac
el

lu
la

r fl
ui

d,
 o

r s
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 p
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 C
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 C
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e d
is

so
lv

ed
) 

+
 P

r-
N

H
-C

O
C

r 
(c

ar
ba

m
in

o-
C

O
2)

. 
Su

gg
es

te
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m
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 m
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r b
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 p
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 f
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f p
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 b
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r c
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at
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at
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at
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l b
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s c
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 d
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r c
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e +
 H

b-
bo

un
d)

 
su

bs
ta

nc
e 

co
nc

en
tr

at
io

n 
9.

4 
m

m
ol

/l 
E

PQ
U

C
C

 fa
vo

ur
s 

th
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e 

ch
em

ic
al

 a
ct

iv
ity

 o
f 

a 
gi

ve
n 

co
m

po
ne

nt
 (8

 p
os

si
bi

lit
ie

s 
ar

e 
sh

ow
n 

fo
r H

: 
4 

1.
1.

1 
to

 1
.1

.8
) t

he
 o

ne
 

pr
ef

er
re

d f
or

 p
ra

ct
ic

al
 cl

in
ic

al
 a

pp
lic

at
io

n 
is

 m
ar

ke
d 

by
 a

n 
as

te
ri

sk
.. 

In
 t

he
 ca

se
 o

f m
ea

su
re

m
en

ts
 i

n 
w

ho
le

 b
lo

od
 o

r 
se

ru
m

 b
y 

m
ea

ns
 o

f 
io

n 
se

le
ct

- 
iv

e 
el

ec
tr

od
es

 w
e 

re
co

m
m

en
d 

to
 u

se
 a

 fi
xe

d 
va

lu
e 

fo
r t

he
 c

on
ce

nt
ra

tio
na

l a
ct

iv
- 

ity
 c

oe
ff

ic
ie

nt
 u

nl
es

s 
sp

ec
ia

l 
ci

rc
um

st
an

ce
s 

w
ar

ra
nt

 c
on

si
de

ra
tio

n 
of

 va
ri

at
io

ns
 

in
 io

ni
c 

st
re

ng
th

 o
r m

as
s 

co
nc

en
tr

at
io

n o
f w

at
er

. 
T

he
 ty

pi
ca

l v
al

ue
s 

gi
ve

n 
re

fe
r 

to
 n

or
m

al
 a

rt
er

ia
l 

pl
as

m
a 

at
 3

7°
C

, a
nd

 th
e 

va
l-

 
ue

s 
ar

e 
m

ut
ua

lly
 co

ns
is

te
nt

. 

1.
1.

1*
 

P—
pH

 
1.

1.
2 

P 
—

 H
yd

ro
ge

n i
on

, 
m

ol
al

 ch
em

ic
al

 po
te

nt
ia

l 

1.
1.

3 
P 

—
 H

yd
ro

ge
n i

on
, m

ol
al

 
ac

tiv
ity

 

1.
1.

4 
P 

—
 H

yd
ro

ge
n i

on
, 

ac
tiv

e 
m

ol
al

ity
 

1.
1.

5 
P 

—
 H

yd
ro

ge
n i

on
, 

m
ol

al
ity

 

1.
1.

6 
P 

—
 H

yd
ro

ge
n i

on
, 

co
nc

en
tr

at
io

na
l ac

tiv
ity

 

1.
1.

7 
P 

—
 H

yd
ro

ge
n i

on
, 

ac
tiv

e 
su

bs
ta

nc
e 

co
nc

en
- 

tr
at

io
n 

1.
1.

8 
P 

—
 H

yd
ro

ge
n i

on
, 

su
bs

ta
nc

e 
co

nc
en

tr
at

io
n 

C
' 

C
' 

6.
4 

Q
ua

nt
ity

 na
m

e 
Sy

m
bo

l 
T

yp
ic

al
 

U
ni

t 
D

et
er

m
in

at
io

n 
nu

m
er

ic
al

 
ci

. 
A

pp
en

di
x 

6.
1 

va
lu

e 

pH
(P

) 
7,

40
 

1 
(m

ea
su

re
d 

w
ith

 a 
pH

 e
le

ct
ro

de
) 

7.
2.

1 

H
(P

) 
—

43
,9

 
kJ

/m
ol

 
Ij

H
 = —

R
- 
T

 in
 1

0 
. p

H
 

2.
12

 

am
H

(P
) 

39
,8

 
10

 
am

H
 10

—
pH

 
7.

2 

H
(P

) 
39

,8
 

nm
ol

/k
g 

=
 l0

 - mol
 
kg

 
6.

2 

m
H

(P
) 

48
,0

 
nm

ol
/k

g 
m

H
' =

 l0
 (7H

)1
 . 

m
ol

 . 
kg

 
3.

3 

aH
(P

) 
39

,5
 

1O
 

aH
 = 1

0p
H

 . 
p(

H
20

) . 1
 
kg

 
7.

3 

H
(P

) 
39

,5
 

nm
ol

/1
 

=
 1

0p
H

 
o(

H
20

) . 
m

ol
 . 
kg

 
6.

3 

cH
(P

) 
44

,9
 

nm
ol

/l 
cH

 = 
10

pH
 

p(
H

20
) 

• 
(y

H
'1

 m
ol

 
kg

 
3.

4 

H
 

H
 

ci
 

H
 

H
 

H
 z H
 

H
 



1.2.1 
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m
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H
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H
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1.3.2 
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m
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H
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H
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P
—

C
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C
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2(P) 
1,33 

m
m

ol/l 

cC
O

2(P) 
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1,03 
1 

M
ay 

be 
estim

ated 
from

 
an 

em
pirical 

equation: 
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0.196, 

C
 

=
 

—
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6.5. Alphabetical index of symbols of kinds of quantities.

References are given to the paragraphs of List 6.1 for definitions and
remarks

Symbol name reference

a relative activity 6.1.1
relative activity, concentrational 7.3

am relative activity, molal 7.2
ap relative activity, baric 7.4

relative activity, rational 6.1.2
B buffer capacity 11.1
Bm buffer capacity, molar 11.3

buffer capacity, specific 11.4
b (molality) 3.3
b (active molality) 6.2
b (osmolality) 10.1
c substance concentration 3.4
c active substance concentration 6.3

osmotic concentration 10.3
E energy 2.1
E electromotive force 2.7
F faraday constant 2.11
f activity coefficient 5.1.1
f (fugacity) 6.4

activity coefficient, rational 5.1.2
G gibbs energy 2.9
g fugacity coefficient 5.4
I electric current 1.4
I ionic strength 3.6
Ka equilibrium constant 12.1
Km molal equilibrium product 12.2
K concentrational equilibrium product 12.3
K. freezing point depression constant, molal 10.6
K baric equilibrium product 12.4
1 length 1.1
M molar mass 10.1
m mass 1.2
m molality 3.3

active mcilality 6.2
th osmolality 10.1
n amount of substance 1.6
p pressure 2.5
p partial pressure 3.5

fugacity 6.4
Q electric charge 2.6
R molar gas constant 2.13
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Symbol name reference

S entropy 2.2
s saturation fraction 3.2.1
T thermodynamic temperature 1.5
L\Tf freezing point depression 10.5
t time 1.3
U energy, internal 2.1
V volume 2.4
V (electric potential) 2.7
Vm molar volume 2.4.1
x substance fraction 3.2
y activity coefficient, concentrational 5.3
z charge number 2.8

solubility coefficient, concentrational 9.3
solubility coefficient, ideal concentrational 8.3

am solubility coefficient, molal 9.2
solubility coefficient, ideal molal 8.2
solubility coefficient, rational 9.1

ëi solubility coefficient, ideal rational 8.1
buffer value 11.2
activity coefficient, molal 5.2

0 Celcius temperature 2.3
A absolute activity 2.13
Ac absolute activity coefficient, concentrational 4.3
Am absolute activity coefficient, molal 4.2
Ap absolute activity coefficient, baric 4.4
A,, absolute activity coefficient, rational 4.1

chemical potential, absolute 2.10
chemical potential, electrochemical absolute 2.11
chemical potential, standard 2.12

p stoichiometric number 12.1
H osmotic pressure 10.8
p mass concentration 3.1
p mass density 3.1

electric potential 2.7
osmotic coefficient, concentrational 10.4

øm osmotic coefficient, molal 10.2
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