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1. INTRODUCTION

1 . :1. The IUPAC Commission on Quantities and Units in Clinical Chemistry has previously pub-
lished general recommendations on quantities and units in clinical chemistry (7.8, 7.9, 7.10).
The present document has been prepared in collaboration with the Expert Panel on pH and
Blood Gases of the International Federation of Clinical Chemistry.

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 Technical Committee 12 of the International Organi-
zation for Standardization (7.12). The purpose of this list is to make the explicit defini-
tions of the various kinds of activities and activity coefficients available to clinical che-
mists who are using ion-selective electrodes or certain other physico-chemical analytical

techniques.

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

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 to try to select those quantities that are of significant clini-
cal value.

So a selection has been made among the many alternative ways of indicating the chemical po-
tential of a component in a system (6.3) and those quantities preferred for clinical use have
been indicated by an asterisk. Other quantities listed in the Appendices (e.g. activity coef-
ficients, solubility coefficients, osmotic coefficients) are primarily of interest in the
clinical chemical laboratory 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
quantities:

(1) An extensive quantity: the amount of substance of the component added or removed in the
process of formation of the system, positive when added, negative when removed. This
quantity is sometimes called the stoichiometric amount of substance of the component in
the system, symbol n.

(2) An intensive quantity: the chemical potential of the component in the system, symbol p.

These chemical quantities are analogous to the spatial quantities, volume and pressure; the
thermal quantities, entropy and temperature; the electrical quantities, 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, re-
spectively.

2. 2. The stoichiornetric amount of substance of the component (B) in the system is usually
divided by the volume (V) of the system, providing the stoichiometric concentration (c) of
the component in the system:

CB
= (1)

568
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The component added to the system may dissociate or react with other components to form a se-
ries of derived components and only a fraction of the original component may actually exist
in a free form in the system. It is therefore essential to distinguish between the stoichio-
metric concentration and the substance concentration of the free fonii of the component in the

system (see 2.3). Sometimes stoichiometric quantities are indicated by subscript (s), e.g.
no B' C0 B Concerning the general format for the symbols employed in the present document,
see 6.1.1.2 and 6.4.

In clinical chemistry, the term stoichiometric concentration is rarely employed. Instead, the
name of the component is modified to indicate inclusion of the various derived forms, 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 speci-
fled in individual quantities the specification 'total' may be employed (7.9). Examples of
such quantity names are given in 6. 2.

2. 3. The chemical potential of a component in a system is defined as the differential change
in internal energy (U) divided by the differential change in the stoichiometric amount of
substance of the component, maintaining other independent extensive variables constant, i.e.

volume (V) , entropy (S) , electric charge (Q) , and stoichiometric amount of other components

(C, D, etc.):

PB = (UInB)VSQflC.. (2)

The chemical potential is generally converted to an exponential function, the absolute chemi-

cal activity (X):

= exp(PB/(R.T)). (3)

Chemical activity can only be measured relative to a standard state, for example relative mo-

lal activity (s):

amB — XB/XB, ()

where the standard reference system (e) based on molality is chosen so that yBmB = rnB
=

1 mol.kg'. Concerning the different standard reference systems, see List 6.1 §6.O-6.3.

The molal activity may be divided by the molal activity coefficient (y) to provide the mola-
lity of the component in the free unbound form:

=
(am,BIYB) •mB• (5)

Substance concentration is obtained by multiplying molality with the mass concentration of

water (pH2o):

CB = mBpH2o. (6)

The general practice in clinical chemistry is to report the substance concentration of the
(free) component rather than the chemical activity. Exceptions to this rule are the inten-
sive 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 concentration.

These and related quantities are listed in 6.4 and are discussed below.

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 = -lga,+ = = (H+ - p+)/(R.Tlnl0). (1)

The molal standard reference system is chosen so that YH+e .mH+ = = 1 mol .kg'. The de-
finition is based on molality rather than substance concentration (7.2).
pH is linearly related to the chemical potential of hydrogen ion (+).

3.2. Chemical potential or activity of ions cannot be determined on a purely thermodynamic
basis. This is due to the fact that the effects of an ion cannot be separated from the ef-
fects 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 (I < 0,10 mol.kg') can be estimated by means of the

Debye—HUckel equation:

= ZB.A.I/(l + B.1½), (2)

where I is ionic strength, z is charge number of the ion, d is ion size parameter, A and B

are temperature dependent constants.
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According to the Bates—Guggenheim convention d •B is taken to be I , 5 (mol •kg )½ at all
temperatures and for all compos itions of the solutions (7. 2).

3. 3. The definitive method for pH measurement in dilute aqueous solutions is based on measu-
ring the electromotive force of a cell without a liquid-liquid junction (without transferen-

ce), E1:

Ag AgC1 dilute aqueous solution H2 Pt (I)
(s) (s) with added C1 (g) (s)

101,325 kPa

The calculation function is:

pH = -(E1+ E1)/(R.T.F'.ln1O) + lg(m1_/m1_e) 1ici- (3)

where 1e i mol'kg'. E1? is the standard electrode potential of the AgAgCl half cell
(E1! = 0,21423 V at 37 °C). mci- is measured and ml- is calculated from Eqn. (2). C1 is
added in different amounts and the results are extrapolated linearly to zero molality of ad-
ded Cl
The definitive method is employed for determining the pH in a series of primary aqueous cali-
bration solutions , e .g. the NBS-buffers (National Bureau of Standards , U. S .A. ) (7. 2, 7. 7).
Note:

The standard electrode potential (Ee) of the AgAgCl half cell is defined as the potential of
the cell:

Pt H2 HC1 (aq) AgC1 Ag (II)

(s) (g, 101,325 kPa) a±m = 1 (5) (5)

where a±m = (am,H+ m,Cl) is the mean ionic activity which can be determined without any
convention for single ion activities. Hence E is independent of such conventions and pH
(Eqn. 3) is dependent only on the convention for calculating 1Cl (3.2). Values of EG have
been tabulated (7.3).

3.4. The reference method for inorganic aqueous solutions is based on a cell with a liquid-
liquid junction (III), measuring the cell potential with the unknown solution, E(X), and the
calibration solution, E(S):

Reference concentrated X H2 Pt (III)
electrode KC1 solution (sln) (g) (s)

(m > 3,5 mol.kg')

The calculation function is:

pH(X) = pH(S) - (E(X) - E(S))/(R.T.IT'.lnlO), (4)

where S is one of the calibration solutions mentioned in 3.3. This equation is generally cal-
led the 'operational' pH definition (7.21), but it should not be considered a pH definition
in the same sense as the definition given in 3.1.

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

The hydrogen gas electrode is unsuitable for biological fluids where the reference 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 standardise the method of reporting quantities in clinical chemistry it has
often been suggested that the substance concentration of hydrogen ion should be reported in-
stead of pH. However, in view of the international agreement concerning the pH scale and the
reference method for pH measurement (7.21) we recommend the continuing use of the quantity pH
also in clinical chemistry.

The 'substance concentration' of H is often calculated as the antilogarithm of the negative
pH value, without taking the activity coefficient of the hydrogen ions into account. If a
quantity with the sane unit (mol.l') as substance concentration of H+ is warranted, we re-
commend reporting the active substance concentration () of the hydrogen ions, calculated as:

-pH *
cH+ = 10 PH20 .mH+e, (5)

where ThH+8 = 1 mol.kg1 and where pH2o* is the mass density of pure water (=0,993 kg.1' at
37 °C). For example, pH = 7,40 (as measured with a pH-electrode); the active substance con-
centration of hydrogen ion is then:

CH+ = 1O'°.(O,993 kg'l').mol.kg'= 39,81x1OxO,993 mol.l' = 39,53 nnol.F'.

For many practical purposes the mass density of pure water may be taken to be 1,00 kg.1' in
which case the following approximation applies:

CH+
= 1O_PH.H+e, (6)

where H+ = I mol'l'.
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3.6. For clinical purposes 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 (an) . However, for clinical purposes the results may be reported
as the 'substance concentration' of the ion, determined as the molal activity multiplied by
an appropriate constant depending upon the ion and the type of biological fluid under inve-
stigation. For example, for Ca2 in blood plasma:

CCa2+ am,Ca2+'YCa2+ PH2OlflCa2+ (7)

where mCa2+ = i mol .kg . The appropriate constant is

kCa2+ YCa2+'PH2O'mCa2+ (8)

where YCa2+ and PH2O should be the mean values for normal plasma (see List 6.3 § 7.2.1 and

8.1.8).

3. 7. It has been suggested that the unit bel should be used for the pH quantity in order to

'flag' that the pH value represents the negative decadic logarithm of another quantity (7.16).
We recommend restricting the use of the bel (or decibel) to an amplitude or power level dif-
ference (7. 12). The pH quantity is dimensionless and the value consequently is a pure number.

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 hydrogen ion activities:
(pH) = -lg({10-P-}/N). We recommend the use of the arithmetic mean of the pH values:
(p1-I) = (pH)/N. The arithmetic mean is directly proportional to the mean value of the che-
mical potentials and it represents the geometric mean of the corresponding chemical activi-
ties.

4. THE PARTIAL PRESSURE OF GASES IN SOLUTION

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

PB = XBP. (1)

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 (sln) we recommend, interpreting the

quantity as being equal to the partial pressure in an ideal gas mixture (gideal) in equili-
brium with the solution, or alternatively, as being equal to the fugacity () in a real gas
mixture (greal) in equilibrium with the solution:.

pB(sln)
= p(gideal) (greal). (2)

Fugacity () of a component in a gas mixture is defined as the fugacity coefficient (g) for

the component times the partial pressure:

PB = gBPB (3)

Therefore the unit of fugacity is the same as the unit of pressure. For many gases (GO2, O2

N2, etc.) 1 when p < 100 kPa.

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

PB = (4)

c B°° is the rational solubility coefficient for infinite dilution, i.e. for pure solvent.
For the solvent (A) the relationship is called Raoult's law, and the proportionality factor
is the fugacity of the pure solvent x*:

PA
= pAaA. (5)

4. 3. The substance concentration of the component in a solution can be derived from the par-

tial pressure by multiplication with the concentrational solubility coefficient (c,):

CB = acB.PB. (6)

For usual clinical chemical purposes we recommend to report the blood gases (GO2 and 02) in
terms of the partial pressure rather than the substance concentration because of the need for
comparison with or evaluation of the composition 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 (d), which is defined as the quotient of negative natural logarithm of the ratio-
nal activity of water and molar mass (M) of water ( 0,018 kg.mol'):

=
(-lnaH2o)/MH2O. (1)

The unit of osmolality is mol•kg' (not 'osmol'.kg').

The osmotic concentration (s), formerly called the osmolarity, equals the osmolality times
the mass density (p) of water:

C = rn•p}2. (2)

As pH2o* 1 kg.1' the numerical value of osmotic concentration (in mol'l') practically

equals that of osmolality (in mol.kg').

5.3. The osmolality is generally calculated on the basis of measurement of the freezing

point depression (ATfUS) divided by the molal freezing point depression constant (KfUS),
which is 1 ,855 K. kg 'moF' for aqueous solutions:

th = ATt/Kt. (3)

It is generally tacitly assumed that the osmolality at the temperature of freezing (of plasma
or urine) equals the value at 37 °C. In order to obtain the true osmolality at 37 °C it is
necessary to calculate the value on the basis of vapour pressure (pH2o) measured at 37 °C:

=
(_ln{pH20/pH2o*})/MH2O, (4)

where is the vapour pressure of pure water.

5.4. The reason for using the osmolality in clinical chemistry is that this quantity can be
directly compared to the sum of molalities of the solutes (msolutes), the ratio between the
two quantities being the molal osmotic coefficient (4m)' which is generally close to unity
for biological fluids:

= m'mso1utes. (5)

In other words, for many practical purposes the osmolality may be adequately estimated on the
basis of measurements of the molalities of the principal solutes in a solution.
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6. APPENDICES

6. 1. L-ist of quantities and units related to the chemical potential and the chemical activity
of solute and solvent in a solution, and the fugacity of a component in a gas mixture.
The list contains the following columns:

6.1.1. Quantity
6. 1 . I . I . Ncone: the names refer to the kind of quantity. The full designation of a quantity
also requires a specification of the system, and often the component, 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 electricity ( 2.6). Parenthesis indicates a part
of the name, which may be omitted if no ambiguity is introduced.

6.1.1.2. Symbol and definition: the symbols refer to 'kind of quantity' and should be itali—
cized. An alphabetical index of the symbols is given in 6.4. As far as possible the symbols
are consistent with previous recommendations. For system and component the symbols are always

printed in Roman type.

The general format for the symbol of a quantity when the 'kind of quantity' (general symbol Q)
and the system (general symbol X) both need specification is either QX or Q(X) . The format QX
is employed when X is a standard reference system ($) , pure substance (*) , or a solution of

infinite dilution (°°) (7. 6 , 7. 21) . The format Q (X) is employed in the present document in
other cases. Often specification of the system (X) may be omitted without introducing ambi-

guity.

Many kinds of quantities need specification of a given component, e.g. partial pressure (p)
of a component (B) . Generally the component is indicated by a subscript , e .g . PB and this
format is employed in the present document. However, in clinical chemistry the symbol may of-

ten be printed on the line without introducing ambiguity, e.g. pCO2, PO2, cH, cHCO.

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 (B, C,
D, etc.) which are called solutes (7.21).

The SI (Système International d'Unitds) defines a set of base units corresponding to a set of
base kinds of quantities which are exclusively defined in terms of a reference method of mea-

surement ( 1.1-1.6). All other quantities are considered derived quantities which can be de-
fined by means of an algebraic equation containing only base quantities in addition to the

quantity being defined.

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.

6.1.2. Slunit

6.1.2.1. Name: only SI units are given in this column. When no unit is given, this indicates
that the value of the quantity is a pure number (i.e. quantities of dimension one = 'dimen-
sionless' quantities). Sometimes the number 1 is considered the unit of 'dimensionless' quan-
tities.

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 equations for
dU ( 2.1) and Kfus ( 8.6). Cross references to other paragraphs of the List 6.1 are indica-
ted by the symbol §. The values of various constants were obtained from Ref. 7.21.

In the present international document we prefer the decimal comma as recommended for all lan-

guages by ISO (7.12) 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 referen-
ce. The absence of references in several paragraphs indicates that those quantities have not
yet been defined or mentioned by ISO (7. 12), TUPAC (7. 21), or IFCC (7. 8).
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6.1. List of quantities and units. For

6.1 Quantity

see text section 6.1.

Unit

§ Name Symbol and definition Name Symbol

2.1 energy E = m'c2 joule J
=m2 .kg.s2

S = fT1.dU
dv=O, dQ=O, B°

U = T - T0
T0 = 273,15 K

V =

joule
per
kelvin

degree
Celsius

cubic

metre,

litre

2.5 pressure p = pascal Pa
=J •m3

-m' .kg.s2

2.6 electric charge; Q = fI.dt coulomb C
quantity of electricity =s•A

explanation of the columns,

1.0 number of entities N

1.1 length 1 metre m

1.2 mass m kilogram kg

1.3 time t second s

1.4 electric current I ampere A

1.5 thermodynamic temperature T kelvin K

1.6 amount of substance n mole mol

2.2 entropy

2.3 Celsius temperature

2.4 volume

2.4.1 (partial) molar volume
of component B

J .K'
m2 .kg.s2 .K'

°C

m3

1
=dm3

VB = litre l•mol'
per
mole
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6. 1 Remarks References

§

ISO 31

(7.12)

IUPAC
Manual

(7.21)

CQUCC
EPQUCC
(7.8)

1.0 1. Base quantity. 8—2.1 2.3.05

1.1 1. Base quantity and SI base unit. 1—3.1 2.1.01 4.1

1.2 1. Base quantity and SI base unit. 3—1.1 2.2.01 4.4
2. In the present text in indicates mass,

whereas m is molality ( 3.3)

1.3 1. Base quantity and SI base unit. 1—6.1 2.1.12 4.23

1.4 1. Base quantity and SI base unit. 5—1.1 2.6.05

1.5 1. Base quantity and SI base unit. 4—1.1 2.4.01 4.18

1.6 1. Base quantity and SI base unit. 21 1 8—3.1 2.3.06 4.6
2. NB/nB = L = (602,2045 ± 0,0031)xlO mol

where L is the Avogadro constant.

2.1 1. This definition (the Einstein equation) is the fundamental 4—19.1 2.4.07
relationship between the base quantity mass and the derived
quantity energy. c is the speed of light in vacuo (in this
paragraph only). On the basis of this equation it is pos-
sible to derive the following equations or special forms

of energy: potential energy dEpot =jt (where/ is
force), ad king,tic energy dEkin = v.dp (where v is velo-

city and p = mv is momentum).
2. U is the preferred symbol for internal energy.
3. dU = -p.dV + TdS + .dQ + iiadno,a)

(for derivation see textbooks of physical chemistry).

2.2 4—17.1 2.4.06

2.3 1. 1 °C = I K. 4—2.1 2.4.02 4.19
2. Alternative symbol: t.

2.4 1. The definition applies for a cube. 1-5.1 2.1.11 4.3
2. In the present context the litre is employed as the unit

for volume.
3. The capital L has been adopted by CGPM as an alternative

symbol for litre to avoid confusion with the number 1.

2.4.1 1. The molar volume of a pure substance A is: Vm V/n. 8—6.1 1.4
2. For an ideal gas: Vm = R.T/p.

Vm (22 413,83 ± 0,70)x10 m3mol' for T = 273,15 K
and p = 101,325 kPa.

3. The nolar gas constant is 8—35.1
R (8,314 41 ± 0,000 26).J.K'.niol

4. V = E(V.n).
2.5 1. Pressure is often defined as the force perpendicular to a 3—13.1 2.2.19 4.21

surface divided by the area of that surface. This may give
the erroneous implication that pressure is a vector.

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

3. Alternative symbol: P.

2.6 1. The elementary charge is 5—2.1 2.6.02
e (160,218 92 ± 0,000 46)x1021 C.

2. The Faraday constant is
F = e.L (96 484,56 ± 0,27).C.mo1'.



576 COMMISSION ON QUANTITIES AND UNITS IN CLINICAL CHEMISTRY

2.6.1 charge number
of component B

2.7 electric potential;
electromotive force

2.9.1 (absolute) chemical potential
of component B

=m2 'kg.s2

J 'mol'
=m2 .kg's2 .mol'

2.9.2 (absolute) electrochemical

potential
of component B

l-1B = (3U/3nB)vs joule
per
mole

J 'mol'
=m2 .kg's2 'mol1

2.9.3 (practical) chemical potential
of component B

I = -
'PB B B joule

per
mole

J 'mol'
=m2 'kg's2 'mol'

2.10 absolute activity
of component B

XB = exp(PB/(R.T))

3.1 mass concentration
of component B

3.1 .1 (mass) density

3.2 (amount-of-)substance fraction;
mole fraction
of component B

3.2.1 saturation fraction
of component B

3.4 (amount-of-)substance
concentration
of component B

mole

per
kilogram

6.1 Quantity Unit

§ Name Symbol and definition Name Symbol

2.8 Gibbs energy

ZB = QB/e

= (3U/Q)

G U+p'V-T'S

PB =

volt V
=J.c-1
=m2 'kg's3 'A'

joule J

joule
per
mole

3.0 molar mass M = rn/n kilogram
per
mole

=
mB/V kilogram

per
litre

p = rn/V kilogram
per
litre

= nB/(nB+nC+ •..)

8B
= nB/nB(sat)

=
nB/mA

CB
=

3.3 molality
of solute B

kg 'mol'

kg.
=1ü3 'm3 'kg

kg .11
=iü 'm3 'kg

mol 'kg'

mole mol'l'
per
litre
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1. QB is the charge of one B elementary entity

(molecule, ion).

2.7 1. c1 is preferred for inner electric potential.
Other symbols: V (in the present context V = volume),
E (preferred for electromotive force).

2.8 1. dG = V.dp - Sd1' + .dQ + E(PB.dnB).

2.9.1 1. Only differences in U can be measured (2.9 .3).
2. B = (3G/3n)p T Q,flB,•••

This equation is often preferred as the definition.
3. Notice: ZB*O dQ*0. Hence cannot be measured for an

ion unless a non-thermodynamic convention is adopted

(see Section 3.2).
4. B is proportional to the electric potential (E) of an

ideal electrode for component B: = zBF/E
2.9.2 1. Notice that Q is not constant.

2. Only differences in can be measured.
= + Z5F.

4. See also introductory section 3.2.

2.9.3 1. The symbol 1J) is tentative.

2. The standard reference system (9) may be indicated by

subscript (compare relative activity): PA (6.1.1),
IPX,B (6.1.2), Pm,B (6.2), c,B (6.3), p,B (6.4).

3. B = R.T.lnaB (where aB is relative activity).

2.10 1. Only the relative XB can be measured( 6.1.1,6.1.2, 6.2, 6.3, 6.4).

3.0 1. The name 'dalton' is sometimes used as unofficial unit:
1 dalton = 1 g.mol'.

4—19.4 2.4.12

8-17.1 2.4.25
A.I.1

8—18.1 2.4.26
A.I.1

8-11.2 2.3.12 4.8

3.1 .1 1. The mass density of the solvent A equals the mass con-
centration of A in pure A: p(A) = pA*.

3.2

8-11 .1

8-15.1 2.3.07 4.13

3.2.1 1. (sat) indicates the system saturated with B at constant

T, p,
2. Capital S is used as the symbol of saturation fraction

in the physiological literature.

3.3 1. A is the solvent.
2. In the present text the m 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 clini-
cal chemistry the symbol b is employed for catalytic ac-

tivity concentration.
3. mB = XB/(XA.MA).

3.4 1. CB = MB•PB.
2. CB = mBpA.
3. The symbol [B] is often employed for CB.

8—16.1 2.3.10 4.12

8-13.1 2.3.11 4.11

2.6.1

6.1 Remarks References

§

ISO

(7.12)

IUPAC
Manual

(7.21)

CQUCC
EPQUCC
(7.8)

8-41.1 2.7.02 4.4

5-6.1 2.6.07

2.7.05

Ref. 7.15
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3.6 partial pressure
of component B

4.0.1 activity coefficient
of solvent A

or of component A

(in a mixture)

4.0.2 rational activity coefficient
of solute B

4.1 molal activity coefficient
of solute B

4.2 (substance) concentrational

activity coefficient
of solute B

4.3 fugacity coefficient
of component B

(in a gas mixture)

fx,B = (XB/XB)/lim(XB/XB)

= (XB/mB)Ilim(ABImB)
XA1

YB = (XB/cB)/lim(XB/cB)

= (XBIpB)/l(XB/pB)p -O

6.1 Quantity Unit

§ Name Symbol and definition Name Symbol

mol.kg'3.5 ionic strength I = mole
per
kilogram

pascal Pa

=m' .kg.s2
PB = XBP

fA = (XA/xA)/l(XA/xA)
X+l
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3.5 1. Sometimes ionic strength is calculated from substance con-

centration (symbol Ia). It is preferable, however, always
to define ionic strength on the basis of molality.

3.6 1. Partial pressure applies to a component in a gas mixture;
when applied to gases in liquid solution the quantity

strictly speaking 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 literature.

4.0.1 1. XA/XA may be interpreted as an 'absolute' activity coeffi-
cient while fA is a relative activity coefficient. A simi-
lar remark applies in § 4.0.2, 4.1, 4.2, and 4.3.

2. fA = (XA/XA*)/xA.
3. limf = fA* = 1 (where * indicates pure substance).

4.1 1. limyB = y = 1 (where ° indicates infinite dilution).

2. YB/fx,B = XA.
3. For ions in dilute aqueous solutions y is a function of I

and the hydration number h according to the Debye—Hitckel

theory and the Stokes—Robinson hydration theory (7.4 7.20):

lnyB = _(ln10).zB2.A.IhI2/(1id.B.IhI2)
+ h5•M2o.fñ

—
ln(l+MH2O.E(mB.(l-hB))),

where A and B are temperature dependent constants:
A = 0,5215 (mol.kg_1)_12 and B = 3,305 1.(mol.kg1)_1/2.
d is the ion size parameter (a length). ñ is the osmolality

(8.1). hci_ = 0 by the Bates—Staples—Robinson convention
(7.4).

4. A strong electrolyte B dissociating in solution into cat-
ions C and anions D according to

B - vc.C + V0•D, i.e. AB =

is described in terms of 'mean ionic' quantities, indica-

ted by subscript ±, e.g.:

X+B = (Xc vDh/(CD) (2.10)
VD l/('c)=

(mc 'mfD ) (3.3)
VD1/(Vc+VD)Y±B = (Y 'YD ) (4.1)

m÷ = (mc.mD°)1'° (5.1)

\)D)l/(\)C+VD) (6.1)a±mB = 'a
Analogous definitions and equations apply for X,,ax ( 3.2, 4.0.2, 6.0.2) and CtB, YtB' °tB' a05( 3.4, 4.2, 5.2, 6.2).

8-45.1 2.4.29

4.0.2 1. limf = Co = (where
Co indicates infinite dilu- A.I.11x,B

tion).

4.2 1. lim YB
=

YB°°
= I (where °° indicates infinite dilution). 2.4.33

2. YB/YB = PA/'PA*.

4.3 1. lim g = 1. A.I.6
p-,o

6.1 Remarks References

§
ISO 31

(7.12)

IUPAC
Manual

(7.21)

CQUCC
EPQUCC
(7.8)

4.228-19.1 A.I.5

8-22.1 2.3.31
A.I.7
A.I.14

8-24.1 2.4.32
A.I.11
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5.3 fugacity; PB = gBPB
active partial pressure
of component B

(in a gas mixture)

6.0.1 (relative) activity
of solvent A
or af a component a

(in a mixture)

6.0.2 (relative) rational activity
of solute B

6.1 (relative) molal activity
of solute B

aXB = AB/AB

fx,B XB = I
amB = XB/XB

rn = I mol.kg'

mol'F'
=1o3 •m3 mol

6.1 .1 hydrogen ion exponent;

pH

6.2 (relative) (substance-)
concentrational activity
of solute B

6.3 (relative) baric activity
of component B

(in gas mixture)

pH = -lg
afll,H+

/ e=
AB, AB

CB = I mol•l'

a,B = XB/XB
PB = 101,325 kPa

6.1 Quantity Unit

§ Name Symbol and definition Name Symbol

5.1 active molality 07B =

of solute B

5.2 active (substance) concentration B = YBCB
of solute B

mol'kg1mole

per
kilogram

mole

per
litre

pascal Pa
=m1 .kg.s'

aA = XA/XA
= 1



5.1 1.

Physicochemical quantities and units in clinical chemistry 581

The symbol i was chosen in analogy with the symbol for

fugacity (5.3).
2. Sometimes this quantity is called the molal activity, but

it should be distinguished from relative molal activity
(6.1) which is dimensionless.

3. mui mB
=

mB.
XA±l

5.2 1. The symbol was chosen in analogy with the symbol for

fugacity (5.3).
2. Sometimes this quantity is called the concentrational acti-

vity, but it should be distinguished from relative concen-
trational activity (6.2) which is dimensionless.

3. lim CB = CB.
XA-*l

4. c/rn = PA*.

1. The symbol is preferred in this context. An alternative

symbol is f.
2. Fugacity is defined for a component in a gas mixture. When

applied to gases in liquid solution the quantity strictly
speaking refers to a hypothetical gas phase in equilibrium
with the liquid. It follows that the partial pressure (3.6)
and the fugacity of a component in a solution are identical.
See also introductory section 4.1.

=
PB

6.0.1 1. aA = XA/XA*.
2. = fAxA.

6.0.2 1. = fx,BxB. A.I.12

2. =
MA.

6.1 1. am, B =

2. This is the activity generally employed in clinical chemi-
stry for an ion in solution when using ion-selective elec-
trodes.

3. For a strong electrolyte B, the standard reference system

is defined by ±Be=l mol.kg' (see §4.1 remark 4).
It follows that = =

6.1 .1 1. Sometimes pH is considered the name of the quantity
rather than the symbol.

2. The reference method for pH measurement is based on the
use of a hydrogen-ion-responsive electrode, a reference
electrode, and a bridge solution of concentrated KC1 of a
molality not less than 3,5 mol.kg'. Reference solutions
with known pH have been described. See also introductory
section 3.

6.2 1. aC,B = CB'cB. 8-23.1 A.I.12

6.3 1. a75 =

2. Fugacity, B' is used more generally than relative baric

activity, a,B.

= vc - (vc+vD)
2m,B am,c a?fl,D am±B

(from § 6.1, 5.1, 4.1).
Analogousremarks apply in §6.0.2 (fX±Be.x+Be = 1) and
§6.2 (±B = 1 mol.l1).

-

6.1 Remarks References

ISO 31 JUPAC
Manual

CQUCC
EPQUCC

(7.12) (7.21) (7.8)

5.3 8.20.1 2.4.27
A.I.6

2.4.30
A.I.8

8-23.1 A.I.12

10
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7.0 rational solubility coefficient
of solute B

Pa'
=m'kg1 .2

7.1 molal solubility coefficient
of solute B

7.2 (substance-) concentrational
solubil ity coefficient
of solute B

a7fl,B = mB/PB

C,B
=

CB/PB

mole

per
kilogram
pascal

mole
per
litre

pascal

mol•k' 'Pa'
=m.kg .s2.mol

mol'l' .Pa'
=io3 .m2.kg'

.2 .mol

8.1 osmolality
(of a solution)

8.2 molal osmotic coefficient

(of a solution)

mole

per
kilogram

8.3 osmotic concentration

(of a solution)

= (-lna) "1 * mole

per
litre

mol.F'
103.m3 'mol

8.4 concentrational osmotic
coefficient

(of a solution)

=

8.5 freezing point depression
(of a solution)

tT =T °°-T
fus fus fus kelvin K

8.6 molal freezing point
depress ion constant

(of a solution)

8.7 concentrational freezing point
depress ion constant

(of a solution)

8.8 osmotic iressure

(of a solution)
Pp.

II = -
11A

pascal Pa
=m1 .kg.s2

9.1 buffer capacity
(for hydrogen ion)
(in a solution)

mole mol

6.1 Quantity Unit

§ Name Symbol and definition Name Symbol

X,B = XB/PB reci-

procal
pascal

= (-lnaA)/MA

= rn/m

mol•kg'

KfUS = 'fus1'm

Kfusc = fus'

kilogram kg'K'mo11
kelvin

per
mole

litre
kelvin

per
mole

1 'K'mol'
=io •m3 'K

•mol'

B =



7.0
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1. = mX,B /fx,B'
2. x,B = a B/PBS
3. For the solvent A: x,A = x,A*/fA, where X,A* =

7.1 • C%fl,B = cYlfl,B/YB.
2.

0fl,B
= mB/PB.

7.2 C,B =
cXC,B/YB.

2. aCB = CB/PB.

8.1 1. MA is molar mass of the solvent A.
2. The unit is not 'osmol'kg'.
3. = exp(-fñ.Mj, where A* is vapour pressure

(fugacity) of pure solvent.

8.2 1. Zpi is the molality of all the solutes. 8-24.2 A.I.13
2. = (1 - xpj/ (XA.MA).

= = 1.

8.3 1. V is molar volume of pure solvent A.
2. The unit is not 'osmol'•l1.
3. a = jpA*.
4. Currently called 'osmolarity' because 'molarity' was for-

merly used for substance concentration.

8.4 1. BCB is the substance concentration of all solutes.
2. EBCB = CA.(l - Xp3/X.
3. lim 4c = = 1.
XAl

4. c = mPi'/P.
8.5 1. Tfus°° is the freezing point of pure solvent.

8.6 1. It can be shown that Kfus is related to the specific

enthalpy of melting, M, and the freezing point, Tfus,
of the solvent: Kfus = R.Tfus2/Mw.

2. For aqueous solutions: Kfus = 1,855 kg.K.mol'.

8.7 1. Kfusc = Kfus/PA*.

8.8 1. 11 is that pressure difference between the solution and 8-26.1

the pure solvent (A) which provides the same chemical po-
tential of the solvent in the solution and in the pure
solvent.

2. Integration, assuming VA = VA* = constant, gives the
van 't Hoff equation: II = - (i - A*)/VA* = R.T.a.

9.1 1. is amount of substance of added I-I (stoichiometric

amount of H+). In order to maintain electroneutrality, H
must be added together with an indifferent anion (e.g. CF)
or in exchange for a cation (e.g. Na).

2. Other independent variables are constant, usually T, p,
Occasionally B rather than is considered the

independent variable, e.g. pco2 rather than co2• This
must be clearly specified, because the value of B will be
different when either n or p is constantS
dn}J+ = Base; -lg cm+ = pH; B = (3nmase/3pH).

(Cont.)

6.1 Remarks References

ISO 31 IUPAC CQUCC
§

(7.12)

where refers to infinite dilution.

Manual
(7.21)

EPQUCC
(7.8)
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6.1 Quantity Unit

§ Name Symbol and definition Name Symbol

9.1

(cont.)

9.2 buffer value; = B/V mole mol'l'
volumic buffer capacity per =1 O •m3 •mol

(for hydrogen ion) litre

(in a solution)

9.3.1 (partial) molar buffer capacity Bm B = (3B/flB)
of solute B

9.3.2 (partial) specific buffer B B = (3B/3mB) mole mol.kg'
capacity per
of solute B kilogram

10.1 stoichiometric number
of component B
(in a chemical reaction)

10.2 equilibrium constant = flB(aB)
(for a chemical reaction)

10.3.1 molal equilibrium product Km
= flB(mB) (mol.kg')

(for a chemical reaction)

10.3.2 concentrational K0 = nB(CB)B (mol.l1)E\
equilibrium product
(for a chemical reaction)

10.3.3 baric equilibrium product K, = B(PB) (Pa)'
(for a chemical reaction)
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6.1 Remarks References

§

ISO

(7.12)

JUPAC
Manual

(7.21)

CQUCC
EPQUCC
(7.8)

9.1 4. The quantity has been defined for H only, although similar

(cont.) quantities would apply for other components.

9.2 1. For V constant: = (3cQ,H+/3lga,H+) = (3CBase/3PH).
2. Donald D. Van Slyke first defined this quantity. The name

'slyke' is sometimes used as an unofficial unit:
1 slyke = 1 mol .1_i.

9.3.1 1. Other indenendent variables are constant.
2. 8m,B =
3. For a H binding group at pH = PKa: Bm B = 0,576.
4. =

9.3.2 1. m is mass of added B.
2. Other independent variables are constant.

3. BW, (/PB).
4. = EB(BW,B.PB).

10.1 1. Base quantity (anumber of entities, §1.0).
2. 0 = EB(B.B) symbolizes a chemical reaction,
3. v < 0 for reactants, B > 0 for products.
4. Equilibrium of a chemical reaction is characterized by:

0 = EB(VB.PB) or 0 = HB(XB).

10.2 1. The chemical reaction is 0 =
2. aB refers to the equilibrium system.
3. The value of Ka depends on the choice of activity scale

(choice of standard reference system), e.g. for solutes

ax,B, am,B, or acB.

4. £G = EB(VB.PB) = B(VB(UB — MB)) = RTlnXa
where 2Gme is called the molar standard Gibbs energy
of reaction.

10.3.1 1. Often hybrid equilibrium products are employed for practi-
cal purposes, e.g. calculation of CHCo from pH and pco2:

Reaction: CO2 + H20 H + HCO3.

10.3.2 Khybrid = 10-pH
'CHCO/PCO2,

Ka = am,H+•am,Hcoy/(am,co2aH2o).
The relationship between the two is:

10.3.3 Co

Khybrid
= KaOco 'aH2OPH2O/YHCO.

Ka and cxm,co20° are temperature dependent constants.
varies with the total concentration of solutes.

PH o varies primarily with the concentration of macromole-

cules (e.g. proteins and lipids).
YHcoI varies with the ionic composition of the solution

(ionic strength).
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6.4. Alphabetical index of symbols of kinds of quantities.
Symbols of physical or chemical quantities should be single letters of the Latin or

Greek alphabet printed in sloping type (7.21). Unfortunately Greek letters of sloping
type are unavailable for common typewriters. In the present document, Greek letters,

although printed in upright type, generally represent physical quantities, with the
following exceptions (which should always be printed in upright type): A = difference,
p = prefix micro (not to be confused with p = chemical potential), II = product (not to
be confused with II = osmotic pressure), E = sum.
References are given to the paragraphs of List 6.1 for definitions and remarks.

Symbol

a 6.0.1

a 6.2

am 6.1

ap 6.3

a 6.0.2
B 9.1

Bm 9.3
9.4

(b) 3.3
0 3.4
3 5.2

8.3

E 2.1
B 2.7

F (Remark 2) 2.6

f 4.0.1

(f) 5.3

f 4.0.2
G 2.8

h (Remark 3) 4.1

g 4.3
I 1.4
I 3.5

Ka 10.2

K 10.3.2
Kfus 8.6

Kfus,C 8.7

10.3.1

10.3.3

L (Remark 2) 1.6

1 1.1
M 3.0
m 1.2

m molality 3.3

active molality 5.1

osmolality 8.1

N number of entities 1.0

n amount of substance 1.6

p pressure 2.5

p partial pressure 3.6

Name Cf. 6.1 §

relative activity

concentrational relative activity

molal relative activity

baric relative activity

rational relative activity

buffer capacity

molar buffer capacity

specific buffer capacity

(molality)

amount-of-substance concentration

active substance concentration

osmotic concentration

energy

electromotive force

Faraday constant

activity coefficient

(fugacity)

rational activity coefficient

Gibbs energy

hydration number

fugacity coefficient

electric current

ionic strength

equil ibriun constant

concentrational equilibrium product

molal freezing point depression constant

concentrational freezing point depression constant

molal equilibrium product

baric equilibrium product

Avogadro constant

length

molar mass

mass
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6.4 (continued)

Symbol

p

Q

R

S

S

T

fus
t

U

V

(V)

Vm

x

y

S

am

y

U

A

p

p

II

p

p

lJ)

fugacity

electric charge

molar gas constant

entropy

saturation fraction

thermodynamic temperature

freezing point depression

time

internal energy

volume

(electric potential)

molar volume

substance fraction

concentrational activity coefficient

charge number

concentrational solubility coefficient

molal solubility coefficient

rational solubility coefficient

buffer value

molal activity coefficient

Celsius temperature

absolute activity

absolute chemical potential

electrochemical potential

stoichionetric number

osmotic pressure

mass concentration

mass density

electric potential

concentrational osmotic coefficient

molal osmotic coefficient

practical chemical potential

5.3

2.6

2.4.1

2.2

3.2.1

1.5

8.5

1.3

2.1

2.4

2.7

(Remark 1) 2.4.1

3.2

4.2

2.6.1

7.2

7.1

7.0

9.2

4.1

2.3

2.1

2.9.1

2.9.2

10.1

8.8

3.1

3.1

2.7

8.4

8.2

2.9.3

Name Cf. 6.1 §
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