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measurement model for end-user : h(wsample, Weal3 %4 samples a/l,ca13) =0

Absorbance () and wavelength (A1) have their respective measurement models, 3 and 4.

*See Fig. 9.1.5-1 for side chains associated with a coulometric titration and assignment of mass fraction.

4Tris = 2-amino-2-hydroxymethyl-1,3-propanediol.

SMeasuring systems are calibrated and then certify grain samples in an interlaboratory comparison.

°The master instruments each measure grain samples to act as grower’s working calibrator for field measurements.

Fig. 9.7.2-1 Metrological traceability chain of a measurement result of mass fraction of protein in harvested grain.
Measurement uncertainties are given as relative standard measurement uncertainties.
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using the calibrated Dumas systems. The continuity of the metrological traceability chain rests on the
assumption of commutability of the reference material, i.e., Tris. The measurement result from each lab-
oratory, and hence the quantity value assigned by the NMI, is metrologically traceable through the Tris
CRM. Note that a measured nitrogen mass fraction is converted to a protein mass fraction by multipli-
cation by a conventional factor, k, that has no measurement uncertainty. The master grain is then dis-
tributed to all growers who use it to calibrate an NIR instrument in each of their laboratories, the
so-called master instruments. The calibration is based on a large number of samples and is regularly
updated. These master instruments measure the protein mass fraction of working calibrator grain sam-
ples that are then used in the field to calibrate NIR instruments that measure the mass fraction of pro-
tein of the harvested grain.

9.7.2 Metrological traceability chain
A schematic of the metrological traceability chain is shown in Fig. 9.7.2-1.

CONCLUSIONS

The need of metrological comparability of measurement results is met by establishing their metrologi-
cal traceability to a common metrological reference. Necessary concepts with definitions and associ-
ated terms for their use in practice have been identified to aid common understanding. Metrological
traceability chains of measurement results for various kinds-of-quantity in chemistry are given as exam-
ples utilizing the nomenclature developed. They show a surprising possibility of a common approach
and structure for many measurement results in chemistry and likely in other fields.

ANNEX I: INITIALISMS, ACRONYMS, AND ABBREVIATIONS

AAS atomic absorption spectrometry
AOACI Association of Official Analytical Chemists International
BIPM Bureau International des Poids et Mesures
International Bureau of Weights and Measures, <www.bipm.org>
CASCO Committee on Conformity Assessment (of ISO)
CCQM Comité Consultatif pour la Quantité de Matiere—Meétrologie en Chimie
Consultative Committee for Amount of Substance—Metrology in Chemistry (under
CIPM)
CCU Comité Consultatif des Unités
Consultative Committee for Units (under CIPM)
CGPM Conférence Générale des Poids et Mesures
General Conference on Weights and Measures
CIPM Comité International des Poids et Mesures
International Committee for Weights and Measures
CITAC Cooperation on International Traceability in Analytical Chemistry
CMC calibration and measurement capability (published on the web site of the BIPM)
CODATA Committee on Data for Science and Technology (under ICSU)
CRL Community Reference Laboratory (in the EU)
CRM certified reference material
cv coefficient of variation
DFM Danish Fundamental Metrology
DIN Deutsches Institut fiir Normung
DSC differential scanning calorimetry
EA European co-operation for Accreditation
EAL European co-operation for Accreditation of Laboratories (now called EA)
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EC
EC

EN
EQA
EQALM

EQAS
EU
EURAMET
FID

GC

GLP

GUM

IAEA
ICP-OES
ICSU
ICTNS

ID-MS
IEC
IFCC
ILAC
ILC
IMEP
INRIM

IRMM

ISO
IUPAC
IUPAP
JCGM
KCRV
KF
METAS
MLA
MRA
MU
NARL
NATA
NIR
NIST
NMI
NMIA
NMR
NPU

OIML
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European Commission

Enzyme Commission (historical) of International Union of Biochemistry and
Molecular Biology and ITUPAC

European norm

external quality assurance

European Committee for External Quality Assurance Programs in Laboratory
Medicine

external quality assurance scheme

European Union

European Association of National Metrology Institutes

free induction decay

gas chromatography

good laboratory practice

Guide to the Expression of Uncertainty in Measurement [2]

Guide pour I’Expression de I'Incertitude de Mesure

International Atomic Energy Agency

inductively coupled plasma-optical emission spectrometry

International Council of Scientific Unions

Interdivisional Committee on Terminology, Nomenclature and Symbols
(under ITUPAC)

isotope dilution-mass spectrometry

International Electrotechnical Commission

International Federation of Clinical Chemistry and Laboratory Medicine
International Laboratory Accreditation Cooperation

interlaboratory comparison

International Measurement Evaluation Program (at IRMM)

National Institute of Metrological Research (Italy)

L’Istituto Nazionale di Ricerca Metrologica

Institute for Reference Materials and Measurements

(of the Joint Research Center of the European Commission)
International Organization for Standardization

International Union of Pure and Applied Chemistry

International Union of Pure and Applied Physics

Joint Committee for Guides in Metrology

key comparison reference value

Karl Fischer titration procedure (measurement of mass fraction of water in a material)
Bundesanstalt fiir Metrologie und Akkreditierung Schweiz

multilateral recognition arrangement (under ILAC)

mutual recognition arrangement (under CIPM)

measurement uncertainty

National Analytical Reference Laboratory (NMI, Australia)

National Association of Testing Authorities (Australia)

near infrared

National Institute for Standards and Technology (USA)

national metrology institute, national measurement institute

National Measurement Institute of Australia

nuclear magnetic resonance

Nomenclature for Properties and Units, indicating terms from the IFCC-IUPAC
Subcommittee on NPU

Organisation Internationale de Métrologie Légale
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PAC
PCR
PMS
PRMP
PTB
PTS
QNMR
QUAM
REIMEP

REMCO
RM
RMP
runc
RSC

SI

SRM
TC
TGA
T™U
unc
UNIDO
USGS
UTC
VIM

WHO
WMO
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International Organization of Legal Metrology

Pure and Applied Chemistry

polymerase chain reaction

primary measurement standard

primary reference measurement procedure

Physikalisch-Technische Bundesanstalt (Germany)

proficiency testing scheme

quantitative nuclear magnetic resonance

quantifying uncertainty in analytical measurement [33]

Regular European Interlaboratory Measurement Evaluation Program (at IRMM) (for
nuclear measurements)

Council Committee on Reference Materials (under ISO)

reference material

reference measurement procedure

relative measurement uncertainty

Royal Society of Chemistry

Le Systeme International d’Unités

The International System of Units

standard reference material, trademark for NIST certified reference material
technical committee

thermogravimetric analysis

target measurement uncertainty

measurement uncertainty

United Nations Industrial Development Organization

United States Geological Survey

coordinated universal time

JCGM. International Vocabulary of Metrology (VIM), JCGM 200:2008 (in the name
of BIPM, IEC, IFCC, ILAC, ISO, IUPAC, IUPAP, OIML), BIPM, Sevres [1]
World Health Organization

World Meteorological Organization
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ANNEX II: ALPHABETICAL INDEX OF TERMS FOR CONCEPTS DEFINED IN TEXT OR
VIiM

Term Number VIM

base unit - 1.10

calibration 2.2-1 2.39

calibration hierarchy 2.5-1 2.40

calibrator 2.4-1 5.12

certified reference material 3.1-2 5.14

combined standard measurement - 2.31
uncertainty

combined standard uncertainty - 2.31

commutability of a reference 24-2 5.15
material

conventional reference scale - 1.29

correction 2.10-1 2.53

coverage factor - 2.38

coverage interval - 2.36

coverage probability - 2.37

CRM 3.1-2 5.14

definitional uncertainty 2.1-9 2.27

derived quantity - 1.5

derived unit - 1.11

equivalence of measurement 5-4 -
results

etalon 2.3-1 5.1

expanded measurement - 2.35
uncertainty

indication - 4.1

influence quantity - 2.52

input quantity in a measurement — 2.50
model

instrumental bias - 4.20

interlaboratory comparison 7.1-1 -

intermediate measurement - 2.23
precision

intermediate precision condition - 2.22
of measurement

international conventional 2.4-4 -
calibrator

International System of Units - 1.16

kind-of-quantity (VIM: kind - 1.2
of quantity)

manufacturer’s product calibrator 2.4-7 -

manufacturer’s working 2.4-6 -
calibrator

measurand 2.1-4 2.3

(continues on next page)
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Term Number VIM
measured quantity value 2.1-6 2.10
measured value 2.1-6 2.10
measurement 2.1-1 2.1
measurement accuracy - 2.13
measurement bias - 2.18
measurement capability 7.3-1 -
measurement function 2.1-8 2.49
measurement method 2.1-11 2.5
measurement model 2.1-7 2.48
measurement precision - 2.15
measurement principle 2.1-10 24
measurement procedure 2.1-12 2.6
measurement reproducibility - 2.25
measurement result 2.1-3 2.9
measurement standard 2.3-1 5.1
measurement trueness - 2.14
measurement uncertainty 2.7-1 2.26
measurement unit - 1.9
measuring system 2.1-13 3.2
method of measurement 2.1-11 2.5
metrological comparability 1.2-1 2.46
metrological comparability of 1.2-1 2.46
measurement results
metrological compatibility of 5-3 247
measurement results
metrological equivalence of 5-4 -
measurement results
metrological reference 2.6-1 -
metrological traceability 1.1-1 241
metrological traceability chain 2.5-2 242
model 2.1-7 2.48
model of measurement 2.1-7 2.48
nominal property - 1.30
ordinal quantity - 1.26
ordinal quantity-value scale - 1.28
output quantity in a measurement - 2.51
model
primary calibrator 24-3 -
primary measurement standard 232 54
primary reference measurement 332 2.8
procedure
primary reference procedure 332 2.8
primary standard 232 54
principle of measurement 2.1-10 24
quantity 2.1-2 1.1
quantity equation - 1.22

(continues on next page)
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Term Number VIM
quantity value 2.1-5 1.19
quantity-value scale - 1.27
reference material 3.1-1 5.13
reference measurement procedure 3.3-1 2.7
reference measurement standard 2.3-4 5.6
reference quantity value - 5.18
reference standard 2.3-4 5.6
relative standard measurement - 2.32
uncertainty
repeatability condition of - 2.20
measurement
result of measurement 2.1-3 2.9
RM 3.1-1 5.13
secondary calibrator -
secondary measurement standard 2.3-3 5.5
secondary reference measurement 333 -
procedure
secondary reference procedure 333 -
secondary standard 2.3-3 5.5
SI - 1.16
standard measurement uncertainty - 2.30
target measurement uncertainty 2.8-1 2.34
target uncertainty 2.8-1 2.34
traceability 1.1-1 241
traceability chain 2.5-2 242
type A evaluation of measurement - 2.28
uncertainty
type B evaluation of measurement - 2.29
uncertainty
uncertainty 2.7-1 2.26
uncertainty budget - 2.33
uncertainty of measurement 2.7-1 2.26
unit - 1.9
unit of measurement - 1.9
validation 5-2 245
value 2.1-5 1.19
value of a quantity 2.1-5 1.19
value of a measured quantity 2.1-6 2.10
verification 5-1 244
working measurement standard 2.3-5 5.7
working standard 2.3-5 5.7
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SUPPLEMENTARY INFORMATION
Concept diagrams are available online (doi:10.1351/PAC-REP-07-09-39).
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A general discussion of the redefinition of the mole, the ST unit
for ‘amount of substance’, is now ongoing in ever broadening
circles as part of a general overhaul of the Systeme Interna-
tional d’Unités, SI. Important for chemists are the unit mole
(symbol mol) and the unit kilogram (symbol kg).

For several thousands of years, ‘mass’ was the property
enabling measurement of “how much is there?” by using a
comparative balance and the property of masses on the
surface of the earth commonly called “weight” (concepts
put in single quotes; double quotes used for quotations or to
emphasize). Then, Isaac Newton (1642-1727) fundamen-
tally changed our thinking by explaining that ‘mass’ was
related to both ‘gravitational attraction’ and ‘inertia’. Ein-
stein (1879-1955) further showed that these are the same
quantity. Quite different to this is the modern concept of
‘amount of substance’ mentioned in the SI but basically
different from each of these. Equally important is the
concept ‘number of particles’ (in generic language: ‘num-
ber of entities’; ‘entities’ here must be specified), based on
the property of ‘numerosity’ [1]. It is present in the mind of
chemists making analytical measurements. ‘Mass’ was
included in the International System of Quantities (ISQ) as
a base quantity (Sect. 1.2 pp 104-105 in [2] and entry 1.6
in the Vocabulaire International de Métrologie—VIM [3]),
and assigned the base unit kilogram. ‘Numerosity’ was not.
Neither was ‘number of entities’. This disregarded the
discontinuous structure of matter.

In 1971, the Conférence Générale des Poids et Mesures
(CGPM), on the proposal of the Comité International des
Poids et Mesures (CIPM) and without a consultative com-
mittee on chemical measurements in existence (that

P. De Biévre (D)
Kasterlee, Belgium
e-mail: paul.de.bievre @skynet.be

Committee started to be operational in 1996 only), decided to
define a unit “mole” as follows (see Sect. 2.1.1.6 p 115in[2]):

The mole is the amount of substance of a system which
contains as many elementary entities as there are atoms
in 0.012 kg of carbon 12; its symbol is “mol.”

When the mole is used, the elementary entities must
be specified and may be atoms, molecules, electrons,
other particles, or specified groups of such particles.

The mole is a base unit of the Systéme International
d’Unités.

The following addition was made in 1980 (p 115 in [2]):

In this definition it is understood that unbound atoms of
carbon 12, at rest and in their ground state, are referred to.

Thus, the definition of the mole was made dependent on
the definition of the unit for mass measurements though
their corresponding base quantities were fundamentally
independent (this is not unique in the SI). It is worthwhile
to note that neither the CIPM nor the Bureau International
des Poids et Mesures (BIPM) considered it necessary to
have the measurement of chemical composition (a matter
of ‘number of entities’) present in the CIPM and Consul-
tative Committee structures of the SI, until about 1990 [4].

In recent years, various redefinitions of the mole have
been under discussion (together with redefinitions of other SI
base units) in specialized literature (Metrologia, Measure-
ment, Chemistry International). These redefinitions are
scheduled for decision by the CGPM in 2015. Hence, the
Comité Consultatif pour la Quantité de Matiere—Métrolo-
gie en Chimie (CCQM—MIiC) to the CIPM had a brief
discussion at its sixteenth session (April 2010) [5]. The
minutes show “that there was agreement that, prior to the
change, a more widespread understanding of the concepts

@ Springer
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and their acceptance within the chemical community must be
achieved” (Sect. 7 p 9 in [5]). The President asked that the
Delegates of the International Union of Pure and Applied
Chemistry (IUPAC) to CCQM should “reflect a broad con-
sensus in the chemical community.” In its Recommendation
Q 1 to the CIPM (p 40 in [5]), we read that CCQM:

noting

e that the level of awareness of the proposal to
redefine the mole is low in the relevant community

e that support for the proposal to redefine the mole is
not yet unanimous

recommends that any decision on redefining the mole and
kilogram be deferred until

e full consideration be given to the interests of the
chemical measurement community

e the BIPM, the National Measurement Institutes, and
the other official representatives in the Consultative
Committees increase their efforts to spread aware-
ness of the proposals to the various scientific,
industrial, and professional organizations, and seek
their views at an early stage

states its preference for a redefinition of the mole, the SI
unit for amount of substance, based on a fixed value of the
Avogadro constant.”

So far, discussions have occurred in a rather small, high-
level group of theoretical physicists who mainly discussed
the subject in highly specialized literature for physicists and
“metrologists.” This is a regrettable situation since
‘metrology’ is the “science of measurement and its appli-
cation” (entry 2.2 in [3]) and therefore applies to anybody
making a measurement. It is the perception of this Editor as a
chemist and on the basis of decades of active work in mea-
surement (1961-1998) followed by many lectures and
seminars on the five continents (1990-2010 and ongoing), on
the introduction of metrological principles and terminology
in measurements of chemical composition (“Metrology in
Chemistry”—MiC), that the chemists have largely stayed
away from discussing the opaque definition of the mole.
Many teachers have problems attempting to explain the SI
definition of the mole and of the concept ‘amount of sub-
stance’ to students and even to university staff. Chemists,
especially the wet-analytical chemists, active in stoichiom-
etry work involving dissolution, preparation of pure
substances, drying precipitation, weighing, etc., were not
involved in the present international debate too much, nor did
they excessively involve themselves visibly, thus ignoring
the issue at stake. Yet, it was “wet-analytical” chemists
some 200 years ago (quoted by name below), who laid the
foundation of stoichiometry in chemistry and developed the
procedures and concepts leading to the modern chemical
sciences and the methods of chemical analysis that make
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them possible. It seems an unanswered question why the
actual quantity and unit they used, is not anchored in the SI.
This may require the involvement of committee ISO/TC 12
[6] to conceive a new quantity.

What is this issue of ACQUAL intended to bring?

This issue of Accreditation and Quality Assurance (AC-
QUAL) is intended to open the debate much more than has
been the case so far, e.g., to bring measurement of both
small as well as large numbers into the SI.

What is doubtful about the “mole”?

The current definition of the mole tells us that one mole has
a mass in gram the numerical value of which is equal to the
corresponding relative atomic (or molecular) mass. A paper
in this issue of ACQUAL discusses the “mole-concept
compatibility condition” requiring Avogadro’s number to
be equal to the gram-to-dalton mass ratio, “a condition
which must be kept” according to the author of the paper.
The reason it is an essential condition is that it is a
requirement for integrating atomic level measurements
with measurements on the macroscopic scale using clearly
connected units. This does not seem to be obeyed anymore
in the redefinition recently proposed by the Comité Con-
sultatif pour les Unités (CCU) [7], “thus requiring
correction factors and creating potential confusion”
according to this paper. This is a serious problem requiring
much more thorough discussion than has occurred up to
now in the chemical measurement community.

Several articles draw the attention to the desirability for
a measurement and unit system that is quantized, using the
concept of ‘integer number’. The question is asked whether
the Avogadro constant, as presently defined as a number
per mol, i.e., molfl, thus having the dimension N~! (Sect.
1.3 p 105 [2]), and which is fit for the purpose of acting as a
measurement unit for amount of substance, is fit for the
purpose of measuring ‘number of entities’ or ratios of
‘numbers of entities’. The latter is what analysts have so
frequently in mind when measuring in the laboratory.
Could it be that the Avogadro constant N has been con-
ceived to enable definition of the quantity ‘amount of
substance’, symbol n, “the quantity of which the presently
defined mole is the unit,” a seemingly circular definition?

Counting (and measuring ratios of large numbers)—
wouldn’t that help?

One study involves the “exceedingly simple” concept of a
single entity (symbol “ent” as unit that requires no further
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definition). Would not the simple base quantity ‘number of
entities’ give rise to an extremely simple “new” mole con-
stituted by a ‘number of (specified) entities’, which is valid
for all possible entities and which is de facto present in the
mind of most chemists? That would lead to 1 mol = N,
(1 ent) where N,,, would be Avogadro’s number and ent the
symbol for entity. Is there a historical basis for a quantity
‘number of entities’? It is probably the oldest quantity there.
The very earliest human records are about numbers of bags of
grain, of numbers of soldiers, cattle, fruits, etc. Practical
counting arithmetic probably predates the invention of
writing. However, it is a recent insight that matter is con-
stituted of discrete particles. It was suspected on the basis of
careful logical argumentation as early as about 400 years BC
by Demokritus (460-370 BC) and his predecessors. Much
later, it was confirmed by the experimental work of A.
L. Lavoisier (1743-1793), J. L. Proust (1754-1826), J.
Dalton (1766—-1844), A. Avogadro (1776-1856), J. J. Ber-
zelius (1779-1848), and W. Prout (1785-1850). J. B. Perrin
(1870-1942) actually measured Avogadro’s number exper-
imentally and got the Nobel Prize in 1926 “for his work on
the discontinuous structure of matter” [8]. Atoms and mol-
ecules are basic concepts created by the human mind and
now an important part of our insight in nature.

That had far-reaching consequences.

The “discontinuous structure of matter” [8] enabled the
study of matter in terms of the interaction of individual
atoms and molecules, thus laying the foundation of what
we now consider modern chemistry. Chemical phenomena
could be traced to the particulate nature of matter: atoms
and molecules. In other words, matter was confirmed to
have the property of ‘numerosity’ [1]. This discovery was
made by combining measurement results of mass ratios
(measured by means of a balance) or ratios of gas volumes,
with the concepts of relative atomic or relative molecular
weight (“relative weight” in that context is also a ratio).
The new insight led to thinking in numbers of atoms and
molecules, which is of paramount importance as a(n inte-
ger) number of atoms constitute a molecule. Thinking
in terms of numbers will expand further in the future
with the development of biochemical and biological
measurements:

e measurements in microbiology are a matter of measur-
ing (counting) a ‘number of entities’ (e.g., specified
bacterial cells);

e a ‘number of active sites’ on the surface of a protein
molecule determines its role in any protein chemistry
including disease fighting (upon invasion by bacteria).

It would enhance the status and authority of the SI in the
chemical measurement community, if the measurement of
‘numbers’ would be (seen as) falling within its remit.

What is ‘amount of substance’?

A large majority of chemists will reply: a ‘number of atoms’,
or a ‘number of molecules’, i.e., in generic language, a
‘number of entities’. That being the de facto perception since
roughly two centuries, why is ‘number of entities’ not a base
quantity in the SI? One would expect ‘one entity’ to be the
natural unit on the atomic level for a measurement of a
‘number of entities’ (however large, up to the macroscopic
level), each ‘number of entities’ being an exact multiple of
‘one entity’ (hence an integer number). That would corre-
spond to a discrete, quantized unit such as ‘one entity’. The
intuitive thinking of the chemist does not seem to be reflected
in the conceptual and terminological tools outlined in the SI.
The value of a quantity, Q, can be expressed in that system as
the product of a number or numerical value {Q} and a unit
[Q] of the same quantity (Sect. 1.1 p 103 and Sect. 5.3.1
p 131 in [2]), i.e., Q@ = {Q}:[Q]. In the case that Q justis a
‘number of entities’, there is a problem as there is no unit for
that quantity in the SI, and integer values are not a possi-
bility, although the VIM recognizes the number one for that
(entry 1.4 Note 3 in [3].

The CCQM in its sixteenth session [5] appears to have
arrived at the same conclusion with respect to the desirability
of changing the name “amount of substance”. So has IUPAC
in their motion to the CCU at its 2009 General Assembly in
Glasgow [9] in which it requests explicitly that “the greatest
effort should be made to change the name of the ISQ base
quantity ‘amount of substance’ at the same time that a new
definition of the mole is approved.” Will changing the name
change what some consider an error of concept?

To the best of our knowledge, this recommendation has
not (yet?) been carried out. A suggestion to that effect was
already made by proposing ‘chemon’ in 2000 [10]. The key
concept in ‘amount of substance’ is ‘amount’. For countable
objects, number is the appropriate term. Should we not take
inspiration from the fact that ‘substance concentration’, not
‘amount-of-substance concentration’, is used as ‘measu-
rand’ (entry 2.1 in [3]) in clinical analytical measurements?

Can a number be a unit?

In other contributions in this issue of ACQUAL, it is dis-
cussed whether the number “one” can be a unit, as already
proposed in 2004 [11], or whether a large number can be a
unit that is amultiple of “one”. But “one entity” can be a unit
and a very useful one, so can a large ‘number of entities’ (a
defined multiple of “one entity” on the macroscopic level).
The ‘number ratio’ between large numbers of entities and
one entity is of basic importance as scaling factor between
the atomic and the macroscopic world [12]. In the mind of
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most chemists, it is the role the Avogadro number is fulfill-
ing. The ‘number-of-entities ratio’ of quantities on the
atomic level is exactly equal to the ‘number-of-entities ratio’
of the same quantities on the macroscopic level. Measuring
the latter gives access to the former. Consequently, the
question is anchored quite deeply in the minds of chemists,
“Why don’t we have the Avogadro number in the SI as the
factor bridging the macroscopic and the atomic world?”

What is the new SI?

The debate on the redefinition of the mole is even more
complex. A proposal has been tabled to redefine the mole
based on the well known—and impressive—knowledge of
the interrelationship of so-called fundamental constants.
This approach is called the “fixed-constant” or “explicit-
constant” approach and contrasts to the “fixed-unit” or
“explicit-unit” approach. It is already incorporated in the
draft of a revised Chap. 2 of the SI brochure, publicly
available [7]. It is based on fixing the fundamental constants
and making units dependent on them. Thus, the kilogram
would be based on the Planck constant and become a “fixed
Planck constant kilogram.” More precisely, the mass of the
unit kilogram would be such that the Planck constant
h = 6.626068 961 x 107**J s [7]. In the present proposals
forredefinition of the SI units, which would include the mole,
the fixed-constant units would form what is already called
the “new SI.” Does not the ‘fixed constant’ approach turn
units into variables and would they therefore not be made
unsuitable to study small variations in the “fundamental
constants”? Since ‘comparability of measurement results’
(entry 2.46 in [3]) requires metrological traceability to
common references, usually units (entry 2.41 in [3]), said
comparability requires “references” for the metrological
traceability of measurement results including ‘measured
quantity values’ (entry 2.10 in [3]) for fundamental con-
stants. Nobody can predict whether, admittedly small,
variations could not be uncovered in the future (discussions
on this possibility are already going on among theoretical
physicists in the specialized literature). Does making fun-
damental constants constant by definition not prevent future
generations to study their (potential) variations? Also, a fixed
or explicit constant definition of our measurement units
based on these fixed constants, would in principle, have to be
reviewed every time the Committee on Data Evaluation
(CODATA) of the International Council of Scientific Unions
(ICSU) reevaluates the values of the fundamental constants
(including the “Avogadro constant”) [7] presumably every
6-10 years. Does the measurement community approve a
revision of the measurement units every 6—10 years? It would
be very difficult to explain to students in chemistry from
primary school up to PhD candidates.
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A broad discussion is essential for chemists

The “new SI” [7] is revolutionary. It will concern everybody
working along “metrological” guidelines, and chemists
must take care that their voices have an impact on any “new”’
system as it is likely to stay with them for decades.

Various other considerations are offered in this issue of
ACQUAL. They have not yet been discussed thoroughly
enough on a wide scale in the twenty-first century chemical
measurement community, nor in the IUPAC Analytical
Chemistry Division, nor in some other IUPAC Divisions,
nor in CCQM. To stimulate these is the aim of ACQUAL.
May the readers find that useful.

Comments and reactions are urgently invited, either as
contributions to the Discussion Forum or in the form of a
Letter to the Editor in this Journal. Let them be inspired by
an intention to come to a transparent definition of the SI
unit mole in the “new SI” [7], understood by the mea-
surement community concerned.

The Editor wants to acknowledge (in)valuable con-
structive comments of many colleagues all over the world.

Pk (%Céw\

Paul De Biévre
Editor-in-Chief
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Notes of the meeting held at the BIPM on 24 - 27 May 2011

Prepared by D B Hibbert, [UPAC representative from unconfirmed minutes and notes taken at the

meeting

Members present — see Section H

A. Introduction

A1.Opening of the meeting

The chairman, W. Bich, welcomed the guest P. Harris from NPL who already supported much
the JCGM/WGTI in collaboration with M. Cox. The chairman also mentioned the e-mail on smart
grids received from L. Peretto (IEC) who could not attend the meeting and volunteered to make
a presentation on this topic at the next WG1 meeting.

The agenda of the meeting (document JCGM-WG1-N11-04c) was approved.

A2.Communications from the participants

Action on all to send to C. Michotte a short summary of their communication for inclusion
in the present report.

W. Bich (ISO) informed the participants that

1. he finished his term as EURAMET TC-M (Mass & related quantities) chairperson;

2. he produced with C. Ehrlich and with the help of J. Pellaux a Powerpoint presentation for
ISO on how to use VIM and GUM in ISO standards (JCGM-WG1-N11-08);

3. the JCGM rejected the request of WG to have more flexibility on the membership of the
WGs. However, WG is allowed to invite external experts when necessary.

Finally W. Bich mentioned the workshop “Recent developments in measurement

uncertainty: The revised EURACHEM/CITAC guide, Lisbon, 6-7 June 2011”.

W. Kool (OIML) mentioned that the CIML (which consists of the representatives of the

Member States) has elected a new president, Mr. Peter Mason, Chief Executive of the

National Metrology Organization in the UK, who will take up his post at the start of the next

CIML meeting (Prague, October 2011). He also mentioned the conference “Milestones

moving metrology” which will take place in Venice in May 2012.

C. Elster (IUPAP): see document JCGM-WG1-N11-05.

D. B. Hibbert (IUPAC):

1. The IUPAC technical report “Metrological traceability of measurement results in chemistry: Concepts and
implementation” by Paul De Biévre, René Dybker, Ales Fajgelj and D. Brynn Hibbert was published on line
in Pure and Applied Chemistry on 15th June, 2011 (http://www.iupac.org/publications/pac/asap/PAC-REP-07-
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09-39/). D. B. Hibbert thanked members of JCGM/WG1, and the BIPM for their help and encouragement
during the 10 years (!) of preparation of the report.

2. 2011 has been designated by UNESCO as the “International Year of Chemistry”. The many activities may be
found at http://www.chemistry2011.org/ .

3. The IUPAC General Assembly will be held in San Juan, Puerto Rico in August 2011.

* A. Possolo (IEC) mentioned the development of shape metrology at the NIST. He also noted
the need to disseminate the WG1 products in areas like the study of the carbon cycle and
measurement of air fluxes. Finally he mentioned his work on uncertainty analysis in the
frame of the US flow rate technical group.

* L. Nielsen (BIPM) mentioned his work on the modeling of the change of mass versus time
since the 19th century.

* A.vander Veen (ISO)

M. Cox (BIPM)

Report from WG2 by C. Ehrlich:

WG2 met for three days last week (May 18-20, 2011). Key topics discussed included:

- At its December 2010 meeting, the JCGM agreed for WG2 to expand the scope of the VIM4 to
include 'nominal properties', irrespective of the size of the VIM4 compared to the size of the
VIM3. WQG?2 is proceeding accordingly;

- Much of the WG2 meeting was spent discussing the highest-level issues and guiding principles
for doing this;

- The possibility was explored of going to a scale-based approach of describing property types
and/or property evaluation types, in order to address whether 'ordinal’ should refer to properties
or quantities;

- Discussion also focused on whether there is a need to keep 'magnitude' in the VIM4, whether
the definition of 'quantity value' should be revised, and whether to extend the concept of
'measurement' to include nominal properties;

- WG2 will propose to the JCGM that WG2 prepare a VIM4 Rationale Paper in parallel with the
VIM4.

Finally, C. Ehrlich mentioned the disclaimer to be used by WG2 members when publishing a
paper relevant to WG2 activities. Action on C. Ehrlich to send it to W. Bich and A. van der
Veen.'

The next WG2 meeting will be December 5, 6 and 8, 2011.

B Hibbert reported on his attempts to publicise JCGM documents (particularly VIM and GUM)
in [UPAC. When the new IUPAC website goes live in San Juan (August 2011) there will be
acknowledgement that [UPAC has adopted these standards and will require its recommendations
to adhere to them.

A3.The minutes of the WG1 meeting in November 2010 (JCGM-WG1-N11-02) were approved. The
outstanding actions follow:
* W. Bich to invite an expert from WMO.
e JCGM 100: B. Hibbert to produce an example on pH measurement.
e JCGM 100: W. Bich to give input for (old) clauses 4 and 5 and, in collaboration with P.
Tavella (INRIM) and the BIPM time and frequency department, to produce an example on
Allan variance by end of October 2011.

' After the meeting, the WG1 chairman agreed by e-mail with the disclaimer “The author is a member of the Joint Committee
on Guides in Metrology (JCGM) Working Group 1 (GUM). The opinion expressed in this paper does not necessarily represent
the view of this Working Group”.
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* JCGM 100 Hardness example: C. Ehrlich, H. Imai and C. Elster will go on to find a good
practical example in collaboration with the hardness community, the CCM WG on hardness
and IMEKO TCS.

* A.vander Veen to give a presentation on flow measurements after the next WG1 meeting.

B. Finalization of document JCGM 102 (JCGM-WG1-SC2-N10-05)

The second circulation of Supplement 2 to the GUM entitled “Extension to any number of output
quantities” took place in November 2010 and approval from all the JCGM member organizations
(MOs) has been received. Only the ISO/Canada member body voted “No”. Some suggested changes
were not just editorial so cannot be done at this final stage. The comments received (JCGM-WG1-
SC2-N10-07 to N11-03c) were reviewed in detail. The following actions were decided:

1. ISO comment No.13: M. Cox to suggest wording for sub-clause 9.4.2.5 explaining which
approach would generally be more reliable in practice.

2. OIML comment No. 2: M. Cox to reply that WG1 acknowledges the divergence with the VIM
due to mathematical limitations, that WG1 definitions of coverage interval slowly converge to
the VIM definition and that the issue will be addressed in the document JCGM 100.

3. W. Bich to reply to V. V. Ezhela saying that many of his suggestions were included but that the
analysis of eigenvalues is too specialized for a guidance document.

Once the action No. 1 is complete (by end of June), the Supplement 2 will be ready for publication.
The document will be sent in PDF format to the MOs together with the unchanged Supplement 1
and JCGM 104 for the hyperlinks. WG] is available for helping the MOs to modify the LaTeX files
(not distributed) if necessary. A letter of thank and the WG1 response to the comments received will
also be included. A hard copy of Supplement 2 will be sent to the MOs while the NMI will receive it
only through the BIPM web site for NMIs directors.
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C. Final circulation of document JCGM 106 (JCGM-WG1-SC3-N10-05b)

WGI1 and WADA with the help of S. Westwood (BIPM) did not succeed to agree on an example
about doping in sport. The chairman decided to change the second example in 8.3.6 to another one
with an identical analysis (z-distribution) but applied to another field. B. Hibbert volunteered to
produce an example by the end of June. The final circulation of the document could then take
place. It was agreed to circulate JCGM 106 in July with no second example in 8.3.6 if the example
of B. Hibbert is not ready. Finally, the chairman proposed to organize an informal meeting between
WG1 and WADA at the BIPM to discuss the issue and hope that WADA would slowly change their
regulations and converge to WG1 views.

Note: B Hibbert has provided an example on ‘total CO,” measurements in racehorses to M Cox.
This will form the basis of an example.

D. Revision of the GUM

D1.Discussion of the document proposed by A. Possolo, C. Elster and W. Woger (JCGM-WG1-SC5-
N11-04)

A. Possolo explained that this proposal for the second edition of the GUM is fully consistent with
the Bayesian approach, easy to understand and that a booklet of examples covering all fields of
metrology would complement it later. A long discussion took place about the pros and cons of this
proposal and of the WG revised GUM (JCGM-WG1-SC5-N11-05) and whether they can be
merged or remain distinct documents. Finally a vote took place to decide whether the GUM
revision should be based a) on document N11-04 or b) on document N11-05 with N11-04 used as
a supplement. Three members voted for proposal a), 6 for b) and 4 members abstain’. A. Possolo

volunteered to develop a supplement to the GUM based on document N11-04 (see section C
below).

Note from BH: The WG decided to keep to its mandate to prepare a second edition of the GUM
that is clearly derived and extended from the 1995 GUM. While the three authors of N11-04
argued strongly for a departure to a more Bayesian-based document that tackled the problem from
scratch, the committee was not inclined to agree with them, if only because the proposed
document had not been solicited, and was presented at the last minute. However subsequent
correspondence has opened the possibility for N11-04 to be the basis of the more descriptive and
explanatory document (replacing 105).

D2.Review of the draft JCGM 100 JCGM-WG1-SC5-N11-05)

W. Bich proposed to try to change the style of document N11-05 and make it smoother to read and
closer to the GUM style. He also proposed to refer to the supplement on the Bayes method at least
in the scope and the introduction. In addition, an analytical table of content like in document N11-
04 and the idea of a booklet of examples should be endorsed. The draft JCGM 100 was then
discussed in detail and the actions agreed upon are listed hereafter.

? Note that M. Kool was not present at that moment of the meeting.
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* Sub-clause 7.3.2: guidance on the use of prior knowledge should be given when n <4 and on
the PME solution for n = 1;

* W. Bich and C. Ehrlich to produce an annex on the types of equations and symbols (see
JCGM-WG1-SCO0-N11-04)

* G. White to review annex C (“Bottom-up” and top-down modelling). Avoid using the
expression “bottom-up” which can be mis-interpreted. See also P. De Bievre, 2008,
Accreditation and Quality Assurance, 13(2), 61-62;

* Keep the concept of ‘target uncertainty’ and define it in the GUM;

* No agreement on whether to include the concept of ‘definitional uncertainty’;

* Include discrete quantities like ‘numerosity’. Material from time and frequency domain
(counting of pulses) could be used as an example;

* Have an annex on ordinal quantities with an example on hardness measurement (see also item
A3 above). A EURACHEM document on uncertainty in hardness measurement and the
European project MEQUALAN would be both be relevant;

* Clause 3 would contain the definitions of important terms (e.g., ‘measurement uncertainty’)
and note departures from the VIM (e.g., refusal to pluralise ‘true value’) and not an
exhaustive set of definitions like in the GUM supplements;

¢ Include both internal and external links in the next draft of the document;

* Reduce the use of excessive numbers of clause levels;

* W. Bich to make a proposal regarding clause 5.5 (Choice of method of measurement
uncertainty) by the end of July 2011;

* A. Possolo, C. Elster and W. Wager to propose which material of document SC5-N11-04
would be included in JCGM 100;

* Include material from the Note on prior knowledge by C. Elster JCGM-WG1-SC5-N10-09);

* ALL to provide comments on, and input to, the current draft of the document.

Time scale: A further draft of JCGM 100 will be produced by NPL by mid November 2011.

Note: [UPAC might wish to express an opinion on the treatment of chemical measurement
results, and the ‘bottom up’ versus ‘top down’ debate.

E. Document JCGM 105 - Concepts, principles, and methods
for the evaluation of measurement uncertainty (JCGM-WG1-SC0-N11-02)

A. Possolo proposed to replace JCGM-WG1-SC0-N11-02 by the new document JCGM-WG1-SC5-
N11-04 discussed above because they have similar scope and SC5-N11-04 is nice to read. The
suggestion is to publish it quickly with minimal changes so that WG1 agrees with the concepts before
the publication of the GUM revision. Clauses 5, 6 and 7 of the present JCGM 105 are the only ones
not covered in document SC5-N11-04 and could be published separately.

W. Bich recalled that the objective of JCGM 105 was to explain issues like the difference between
best estimate and expectation and this is not covered in either draft. However A. Possolo would not
like to modify SC5-N11-04 along these lines.

It was decided that A. Possolo would issue a revised draft of document JCGM-WG1-SC5-N11-04 by
end of June and that a vote would take place by e-mail by 15 July on whether this proposed draft
could, in principle, become JCGM 105 in replacement of document JCGM-WG1-SCO0-N11-02 and
that JCGM 105 would be published with minimal additional changes and the title unchanged.
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F. Review of Supplement 3 to the GUM — Developing and using measurement models
(JCGM-WG1-SC4-N11-01) and actions agreed upon during the meeting

P. Harris (NPL) has taken over the edition of this document and made modest changes to the
document using input from several WG1 members (see JCGM-WG1-SC4-N11-02). Clause 5 which
includes the “top-down approach” needs review and suggestions; clauses 9 to 11 need input and
examples. The new title of the document suggested by NPL has been agreed by WG1. The draft
JCGM 103 was then discussed in detail and the actions agreed upon are listed hereafter.

Keep definitions unchanged except 3.3 (indication is a quantity, not a value);

Decision about the relevance of the examples given in 5.2.2 was postponed;

A. van der Veen volunteered to provide an example of different models of a given
measurement to illustrate sub-clause 5.3.2;

B. Hibbert to provide material from EURACHEM guide (see end of clause 5.3.14);

W. Bich to ask the gravimetry community to provide an example and reference for the
spring balance model;

W. Bich and L. Nielsen to provide examples of empirical model;

Include a warning on the poor quality of the standard deviation function in Excel,

Include some educational material on numerical analysis in clause §;

L. Nielsen to provide material for clause 10;

Use material from the forthcoming 6th workshop on analysis of dynamic measurements;

It was suggested during the review of comments on Supplement 2 to use the fit of a circle as an
example of re-parametrization (see last page in JCGM-WGI1-SC2-N11-03¢).

G. Other items of the agenda

G1.Evaluation of the uncertainty associated with atomic weights (IUPAC)

B. Hibbert made a presentation (JCGM-WG1-N11-07) explaining that in 2009 for ten elements
showing a large natural isotopic variability [IUPAC published ranges of values and conventional
values with no uncertainty instead of mean values. Consequently IUPAC withdrew its request to
WGT1 to obtain a clear procedure on how to calculate the mean weights and associated uncertainty.
However, A. Possolo feels that there might be a possibility to obtain mean atomic weights using
random sampling and tolerance intervals, in collaboration with NIST experts. Action on A.
Possolo and B. Hibbert to draft a short reply to IUPAC in this sense.

Note: There was some disquiet at the approach taken by IUPAC. Quoting conventional atomic weights
without uncertainty in response to a large variability of atomic weights in nature was argued to be a non-
sequitur.

A. van der Veen made a presentation entitled “IUPAC Atomic Weights 2009 and their use in gas
analysis” (JCGM-WGI1-N11-06) where he showed that the 2009 ITUPAC conventional atomic
weights are adequate for this application because there are other larger sources of uncertainty, i.e.
the heat of combustion. Action on B. Hibbert to circulate a paper about purity of pesticides
for which the uncertainty of atomic weights is not negligible.
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B Hibbert offered to consider the restricted case of the atomic weights of C, H, O in petroleum gases, for
which an atomic weight with uncertainty (including measurement uncertainty and natural variability) can
be derived.

Note: A draft of a document has been prepared by A Possolo and is appended to these notes.

G2.Marketing of JCGM documents in forensic area

It was agreed that M. Cox, B. Hibbert, A. Possolo and A. van der Veen would prepare a
summary of the situation with possible contacts, the involvement of NMIs, possible actions for
WGl,...

Action on B. Hibbert to look for literature in forensic journals.

G3.Status of the other planned documents

* Supplement 1:
C. Elster made a presentation where he recommended the use of Supplement 1 in case of non-
linear models with no prior knowledge. He also mentioned his recent Metrologia paper with
B. Toman entitled “Bayesian uncertainty analysis for a regression model versus application of
GUM Supplement 1 to the least-squares estimate”.

* JCGM 104:
a request for translation in German has been received. The list of all requests of translation of
JCGM documents received by the JCGM chairman is given in the working document JCGM-
WG1-N11-09. Finally, the translation in French of JCGM 104 made by AFNOR is now
available on the ISO web site.

* Supplement on Bayesian methods:
A. Possolo is ready to develop this more technical document later.

G4.LaTeX ISO style file

The LaTeX Iso style file should be modified to take account of the new ISO/IEC directive. M.
Cox will prepare a proposal on this issue. Action on C. Michotte with the help of A. Possolo to
ask the BIPM to investigate whether IOP could help WG1 in modifying the present style
file.

GS5.Date of the next meeting:

The proposal of B. Hibbert and L. Besley to hold the next WG1 meeting in Sydney in
conjunction with the CCQM meeting has been dismissed because only 8 members would have
participated. Action on W. Bich to write to L. Besley to thank him and inform him of WGI1
decision. It was to hold the next meeting at the BIPM from 29 November to 2 December 2011.

H. List of Participants
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Contribution to a JCGM-WG1 Discussion of
IUPAC’s Definition of Atomic Weights

Antonio Possolo

Statistical Engineering Division
Information Technology Laboratory
National Institute of Standards and Technology
United States Department of Commerce

June 22, 2011

1 Motivation

1.1 Atits 2009 meeting in Vienna, the [UPAC Commission on Isotopic Abun-
dances and Atomic Weights resolved to express the standard atomic weight of
hydrogen, lithium, boron, carbon, nitrogen, oxygen, silicon, sulfur, chlorine,
and thallium, by means of intervals that characterize the span of their atomic-
weight values in normal materials; the Commission notes that this also serves
to indicate that the atomic weights of these elements are not constants of na-
ture [Coplen and Holden, 2011, Wieser and Coplen, 2011].

By a “normal” material (for a particular chemical element), the Commis-
sion means a material from a terrestrial source that is a reasonably possi-
ble source for this element or its compounds in commerce, for industry or
science, and that the material is not itself studied for some extraordinary
anomaly and its isotopic composition has not been modified significantly
in a geologically brief period [Wieser and Coplen, 2011]

1.2 Working Group 1 of the Joint Committee for Guides in Metrology (JCGM-
WG1) has expressed an interest in several aspects of this resolution, including:
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e The interpretation of the intervals aforementioned, and their confor-
mity with the guidance provided in the Guide to the expression of uncer-
tainty in measurement (GUM) [Joint Committee for Guides in Metrology,
2008a]

e The possibility of employing statistical methods to characterize the dis-
persion of values that is characteristic of the atomic weights of selected
elements in normal materials using probabilistic devices.

2 Introduction

2.1 The standard atomic weight of boron is expressed as [10.806;10.821]:
this indicates that the atomic weight in any normal material will be greater
than or equal to 10.806u and will be less than or equal to 10.821u. The
lower bound is of the form A,(B)s — U[A,(B)]s, where S denotes the known
common material where the atomic weight of boron is smallest — a metamor-
phic rock from Antarctica [Wang and Xiao, 2000, Coplen et al., 2002] —, and
U[A,(B)]g is the combined uncertainty that incorporates the measurement un-
certainty associated with the §!'B value for substance S and the uncertainty
in translating the delta value into the atomic weight. The upper bound is of
the form A,(B), + U[A,(B)],, where L denotes the known common material
where the atomic weight of boron is largest — a brine from Maar lakes from
southwestern Victoria, Australia [Vengosh et al., 1991, Coplen et al., 2002].
U[A,(B)], is defined similarly to U[A,(B)]s.

2.2 [Wieser and Coplen, 2011, Page 366] explain the meaning of U[A,(E)]
as follows:

“For elements within categories 2 to 5 (see Section 1.4 for category
descriptions), a decisional uncertainty, U[A,(E)], is given in paren-
theses following the last significant figure to which it is attributed.
If there is no specific statement on the distribution of possible val-
ues, then the distribution should be regarded as a rectangular dis-
tribution. The interval A,.(E) — U[A,(E)] to A,(E) + U[A,(E)] may
be expected to encompass almost all samples from natural terres-
trial occurrences as well as materials in commerce and samples
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found in technological applications or in laboratories involved in
scientific investigations.”

2.3 Wieser and Coplen [2011] emphasize that, given the standard atomic
weight of an element expressed as an interval [a; b], this ought not to be
replaced by the average of a and b with an associated uncertainty equal to
half of the difference between b and a. Coplen and Holden [2011] point out
that “neither the upper nor lower bounds have any uncertainty associated with
them; each is a considered decision by the Commission based on professional
evaluation and judgment.”

2.4 Suppose an element E has m stable isotopes 'E, ..., ™E, whose mole
fractions in a particular material are x(*E), ..., x(™E), such that x(‘E) =
n(‘E)/(n(*E) +- - -+ n(™E)), where n('E) denotes the number of moles of 'E in
the material, for i = 1,...,m. In these circumstances, the atomic weight of E
in this material is

A (E)=x("E)A,(*E) + - + x("E)A,(™E). (1

2.5 Evaluating the standard uncertainty [Joint Committee for Guides in
Metrology, 2008c, 2.30] u(A,(E)) associated with A,.(E) amounts to evaluat-
ing the standard uncertainty of the right-hand side of Equation (1), using the
techniques described in the GUM or in the Supplement 1 to the GUM [Joint
Committee for Guides in Metrology, 2008b]. This involves the uncertainties as-
sociated with the mole fractions {x(‘E)} and with the isotopic masses {A.(‘E)},
and must take into account the fact that x(*E) + --- + x(™E) = 1. The com-
plications that this closure constraint imposes have been extensively studied
in geochemistry and in several other fields [Chayes, 1971, Aitchison, 1986,
Buccianti et al., 2006].

3 Conformity

Decisional uncertainty

3.1 The expression decisional uncertainty, as applied to U[A,(E)], is not used
either in the GUM or in the International Vocabulary of Metrology (VIM) [Joint
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Committee for Guides in Metrology, 2008c]. The GUM certainly entertains
the possibility that different components of uncertainty may be evaluated by
different methods (statistical or non-statistical), and for this reason it distin-
guishes Type A and Type B evaluations. One of the defining traits of the GUM’s
approach is that all components of uncertainty ought to be treated alike, and
combined using a uniform set of rules, irrespective of provenance. The fact
that U[A,(E)] typically includes contributions evaluated by both Type A and
Type B methods therefore ought not to call for yet another expression to char-
acterize it; neither should the different types of evaluation prevent its prob-
abilistic interpretation, similarly to what the GUM does for “standard uncer-
tainty” and for “expanded uncertainty”.

3.2 Also implicit in the GUM’s approach is that probability distributions are
the vehicle of choice to express states of knowledge about measurands. In
this context, and for a scalar measurand, the standard uncertainty is the stan-
dard deviation (or a similar, quantitative characterization of the underlying
dispersion of values) of the probability distribution that represents the state
of knowledge about the value of the measurand. This implies that intervals
based on the standard uncertainty (and on the expanded uncertainty) have a
probabilistic interpretation.

3.3 The Commission regards A, (E)—U[A,(E)] and A,(E)+U[A,(E)] as lower
and upper bounds for A,(E), and even goes as far as to suggest that the un-
derlying distribution “should be regarded as a rectangular distribution”. But
then it says that “the interval A.(E) — U[A,(E)] to A.(E) + U[A,(E)] may be
expected to encompass almost all samples”, where the word “almost” contra-
dicts the previous interpretation. Clearly, these nomenclatural and semantic
difficulties would be resolved if U[A,(E)] were to be treated as a standard (or,
expanded) uncertainty as defined in the GUM and in the VIM, and if the cor-
responding intervals were to be interpreted probabilistically — two possible
ways to achieve this are illustrated below, in §4 and §5.

Interval Atomic Weights

3.4 The Commission regards the endpoints of those atomic weights that are
intervals as consensus values without associated uncertainties. Maybe “con-
ventional values” [Joint Committee for Guides in Metrology, 2008c, 2.12]
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would have been a better term than “consensus values”, for the reason dis-
cussed next.

3.5 In fact, consensus values as typically are arrived at in CIPM key com-
parisons and in other inter-laboratory studies, obtain by combining measure-
ment results (which perforce must include uncertainty assessments), and pos-
sibly also merging this with other information that experts in the field possess.
Therefore, a consensus value invariably has an associated uncertainty, which
results from propagating the uncertainties associated with the pieces of infor-
mation that are used to compute it.

3.6 Since it is conceivable that normal materials will be found whose iso-
topic compositions differ from all that have been studied thus far, the Commis-
sion states that “the atomic-weight interval is selected conservatively so that
changes in the Table of Standard Atomic Weights are needed infrequently”
[Wieser and Coplen, 2011]. However, the mere possibility of having to enter-
tain such changes does challenge the absolute character and essential invari-
ance that is attributed to the endpoints of those intervals. For this reason, a
probabilistic interpretation that explicitly allows for such eventuality, might be
preferable.

3.7 Moving from absolute certainty to possible uncertainty still would not
impact the calculation of molecular weights in practice, because for this one
cannot use the intervals themselves, but must use instead the conventional val-
ues assigned to the atomic weights of selected elements [Wieser and Coplen,
2011]. But even in this situation, one is well entitled to expect to be able to
evaluate the uncertainty of the results, which an interpretation of U[A,(E)]
conform to the GUM would facilitate greatly.

4 Tolerance Intervals

4.1 Suppose that the universe of normal materials for a particular chemi-
cal element would be sufficiently well defined and accessible that a sampling
scheme could be designed to produce a representative sample of it, and the
atomic weights of that element in the materials in the sample measured.
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4.2 In these circumstances, a tolerance interval could be built that, with a
selected probability ¥ would include a given proportion p of the values of the
atomic weight in the normal materials. This can be done assuming a particular
form for the probability distribution of atomic weight among normal materials
(for example, that it is Gaussian), or not, in which case the tolerance interval
is said to be non-parametric [Young, 2010].

4.3 Consider the following hypothetical sample of values of A.(B): 10.8110u,
10.81491, 10.8169u, 10.8175u, 10.8100y, 10.8117u, 10.8177y, 10.8109y,

10.8159u, 10.8161u, 10.8111u, 10.8102u, 10.8157u, 10.8101u, 10.8147u,

10.8169u, 10.8100u, 10.8153u, 10.8178u, 10.8193 u. The tolerance interval

that, with 95 % probability, includes 99 % of the values of the atomic weight of

boron, ranges from 10.803u to 10.826u. The corresponding non-parametric

interval, computed using Hahn and Meeker [1991]’s method as implemented

by Young [2010], ranges from 10.810u to 10.891 u.

4.4 The practicability of the sampling scheme that would be required ob-
viously is questionable. A viable, albeit expensive, first approximation might
amount to sampling materials available from commercial suppliers of chemi-
cals, and determining their isotopic compositions.

5 Linear Pooling

5.1 Table 8 of Coplen et al. [2002] lists ranges of values of 56''B for mate-
rials in thirteen different classes. Suppose that these classes are equally likely
sources of boron from common materials (in fact they may not be, but the
basic procedure we are about to describe can be modified to accommodate
any differences that can be characterized either directly from data or based on
expert opinion). Assume also that, given a particular class, the value of §'B
is uniformly distributed between the minimum and maximum values listed for
the class (that is, it has a rectangular distribution). In these circumstances,
one can apply a statistical method due to Lindley [1983] to synthesize a sam-
ple from the probability distribution for §!'B across all such sources, and then
translate it into atomic weights.

5.2 To produce such a sample, repeat the following steps K times: (i) select
one class of materials uniformly at random (that is, all classes have the same
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probability of being selected); (ii) draw one value from the uniform (or, rect-
angular) distribution corresponding to that class. If the relative abundances of
the different classes should be different, then (i) may be modified to account
for this; and if distributions other than the rectangular should best describe
the dispersion of atomic weights within a particular class, then (ii) also can be
modified accordingly.

5.3 The results for K = 10000 are are such that 99 % of them lie between
10.807u and 10.820u: therefore, this is a 99 % probability (not tolerance)
interval for A,(B).

5.4 Figure 1 shows a smooth histogram of the results: it indicates a bimodal
distribution, in qualitative agreement with Coplen and Holden [2011]’s obser-
vation: “The standard atomic-weight value is commonly expected by readers
to reflect a Gaussian distribution, and it does not reflect satisfactorily the bi-
modal distribution of some elements, for example, boron and sulfur”.

5.5 This bimodality that has been detected may have its modes located in-
correctly, or their relative sizes may misrepresent the sizes of the true modes —
possible shortcomings that the incorporation of expert knowledge of the rele-
vant geochemistry and mineralogy into the linear pooling procedure described
above should allay.
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Figure 1: Boron — Linear Pooling. Kernel estimate [Silverman, 1986] of the
probability density of the values of atomic weight corresponding to Table 8 of
Coplen et al. [2002], based on a sample of size 10 000 drawn as explained in §5,
assuming that the thirteen classes listed in that table are equally likely sources
of boron, and that the values of §''B are uniformly (that is, rectangularly) dis-
tributed between the limits indicated for each class in that table.
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ISO/TC 12, Activity Report July 2010/July 2011

All 14 parts of the harmonized ISO/IEC 80000, Quantities and units are now published. A
joint ISO/IEC Handbook on Quantities and units containing these International Standards is
now under preparation.

ISO/TC 12, in close co-operation with IEC/TC 25, Quantities and units, is now preparing the
new harmonized ISO/IEC 80003, Quantities and their units to be used in physiology, with 6
parts. Part 2, Physics, is now open for vote as a CD (Committee Draft). Part 3, Chemistry, is
approved as CD and a DIS (Draft International Standard) is ready for voting. According to the
liaison between ISO/TC 12 and IUPAC, ITUPAC will be invited to comment on this DIS. The
other 4 parts are still at the WD (Working Draft) stage.

In October 2011 the CGPM (General Conference on Weights and Measures) will meet in
Paris, FR. Then draft proposals for new definitions for four of the seven SI base units will be
discussed. These four SI base units are: kilogram (for mass), ampere (for electric current),
kelvin (for thermodynamic temperature), and mole (for amount of substance). These proposals
have initiated an intense international discussion in wide circles, not least the proposal to
replace the present definition of the mole by a definition fixing the value of the Avogadro
constant. For your information I attach my personal position on these issues.

Anders J Thor
Chairman of ISO/TC 12

HD 250GB:Users:Herold:Documents:ICTNS 2:ICTNS San Juan:Other org. rep.:ISO_TC 12, Acrivity report 2010_11.doc 2011-07-20
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2011-06-20

On the draft redefinitions for four of the SI base units
by Anders J Thor

Presentation to JCGM/WG 2 on Friday 2011-05 20 at BIPM

First of all I want to say that JCGM or its WG 2 is not in the position to make any decisions or
formal proposals in this matter. Nevertheless I want this to be discussed in wider circles than
CCU and CIPM. That is why I brought this up in JCGM/WG 2. My presentation partly gives
objective facts pertaining to the present situation, and, in some cases, also my personal
opinions. I have declared my opinion in CCU, but in some cases I have been outvoted.

After my presentation to JCGM/WG 2, I have presented my document to the Swedish mirror
committees of ISO/TC 12, Quantities and units and IEC/RC 25, Quantities and units at a joint
meeting. Then I have presented my document to relevant WGs in ISO/TC 12 and IEC/TC 25,
that met in Kista, SE. The present document is the result of the discussions in these fora.

The creation of a system of units can be performed in many different ways. Which way to
choose is a matter of convention. The way used by ISO, IEC, and CCU is the following:

1) A system of quantities is created, i.e. a limited number of quantities that are considered to
be independently of each other, are selected as base quantities, and non-contradictory
equations that define the derived quantities are chosen.

2) For each base quantity a base unit is defined. It should be noted that base units need not to
be defined independent of each other, whereas the base quantities are considered to be
independent of each other. This distinction between base quantities and base units has caused
much confusion in the past. For example, in the SI the definition of the metre depends on the
second, whereas length is considered to be independent of time in the ISQ.

3) Recommendations for the realization of all base units and some important derived units are
adopted by convention. For the SI such recommendations are adopted by BIPM.

The most common system of quantities today is the International System of Quantities, ISQ,
on which the most common system of units today, the SI, is based.

In the invitation to the CGPM, 2011 there is the draft Resolution A concerning the possible
future redefinitions of four of the SI base units, i.e. the kilogram (for mass), the ampere (for
electric current), the kelvin (for thermodynamic temperature), and the mole (for amount of

substance).

Kilogram (symbol kg)

It is proposed that the the present definition of the kilogram as the mass of the International
Prototype of the kilogram, kept at BIPM, which is evidently not stable, be replecedwith a new
definition fixing the value of the Planck constant, 4, expressed in the coherent derived SI unit
joule second, J - s. This is of course possible, but rather implicit and abstract. Such a
definition is difficult to understand for highschool students who are learning the SI, because
they don’t know, what the Planck constant stands for. Maybe even their teachers don’t know
that. Therefore I strongly prefer the alternative proposal to define the SI base unit of mass as
the mass of a fixed number of '*C atoms, unbound, at rest, and in their ground state. This is by
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far more explicit and understandable for most people. Thereby the mass of '*C is fixed when
expressed in the SI base unit for mass. An assirional advantage with the latter definition is that
relative atomic masses of all nuclides in the Periodic System are referred to the mass of '*C,
thus making them into number-ratios, the simplest way of expressing them.

Ampere (symbol A)

It is proposed t,hat the present definition of the ampere, by which the value of the magnetic
constant, u, is fixed expressed in the coherent derived SI unit henry per metre, H/m, be
replaced with a new definition, by which the value of the elementary charge, e, is fixed
expressed in the coherent derived SI unit coulomb, C. This might be confusing, because
people could conclude that the electric charge is the base quantity and not the electric current.
An even more serious problem with the proposed definition is, however, that you lose fixed
values expressed in the coherent derived SI units for four fundamental constants, i.e. except
for the magnetic constant, the electric constant, &), the impedance of vacuum, Z, and the
admittance of vacuum Y, but you only gain a fixed value expressed in a coherent derived SI
unit for one fundamental constant, i.e. the elementary charge. Since the value of the speed of
electromagnetic waves (light) in vacuum, ¢, is fixed expressed in a coherent derived SI unit
metre per seconf, m/s, by the definition of the SI base unit for length, metre, m, it follows that
& =1/( uo coz), Zo= o co, and Yo = 1/( uo co) also have fixed values expressed in coherent
derived SI units. I strongly prefer the definition by which the magnetic constant is fixed
expressed in an SI unit.

Kelvin (symbol K)

It is proposed that the present definition of the kelvin, by which the value of the
thermodynamic temperature of the triple point of water is fixed expressed in the SI base unit
kelvin, be replaced with a definition by which the value of the Bolzmann constant is fixed
expressed in the coherent derived SI unit joule per kelvin, J/K. This is an improvement,
because the triple point of water is really not a fundamental constant, but the Bolzmann
constant is. The triple point of water depends on the isotopic composition of the water. I am in
favour of the proposed new definition.

Mole (symbol mol)

It is proposed that the present definition of the mole, by which the value of the mass of 1 mol
of carbon 12, '°C, atoms, unbound, at rest, and in their ground state, is fixed expressed in the
SI base unit kilogram, kg, be replaced with a definition by which the value of the Avogadro
constant is fixed expressed in the coherent derived SI unit per mole, mol™'. This proposal has
raised much discussion in the chemical society in the world and quite understandably so. I am
in favour of the proposed new definition.

Other questions

a) Wording of the definitions

Two principal options have been discussed, i.e. the explicit unit definition and the explicit
(fundamental) constant definition. The options could be illustrated by the following examples:

Explicit unit definition
Metre, symbol m
The metre is the SI base unit for length; it is equal to the length of the path travelled by light

in vacuum during (1/299 792 458) s
Note: This definition implies that the value of the speed of light in vacuum is ¢, := 299 792 458 m/s.
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Explicit constant definition

Metre, symbol m

The speed of light in vacuum is ¢ := 299 792 458 m/s; thus the SI base unit for length, the
metre, is equal to the length of the path travelled by light in vacuum during (1/299 792 458) s

It is true that the fundamental constants are more fundamental concepts than the SI base units,
which are invented by mankind. However, in this context it is the SI base units that are
essential, not the fundamental constants. The fundamental constants are in this context only
used as tools. I also see a problem with the definition of the SI base unit for luminous
intensity, the candela, symbol cd. What fundamental constant is fixed by the definition of the
candela? I prefer the explicit unit definitions.

b) The unit one, symbol 1

The unit one is the coherent derived SI unit for several derived quantities in the ISQ, such as
friction factor, relative density, and reflection factor. Some of these units have special names
and symbols, such as radian, rad, for plane angle, steradian, sr, for solid angle, and neper, Np,
for logarithmic quantities. The unit one is also used as the SI coherent unit for the quantity
number of entities, which is not considered to be a derived quantity in any system of
quantities, including the ISQ. In the present edition of the VIM, also published as ISO/IEC
Guide 99, it says that the quantity number of entities, with the coherent unit one, can be
considered as a base quantity in any system of units with the base unit one. I am in favour of
adopting the unit one as an SI base unit, with a suitable letter symbol to which SI prefixes can
be attached.

¢) Name and symbol for the SI base unit for mass

The SI base unit for mass, the kilogram, is the only SI base unit which contains an SI prefix in
its name and symbol. This is very inconsistent and most disturbing for students. There have
been discussions abiut replacing the SI base unit kilogram, kg, with a new name and symbol
without an SI prefix, but no decision has yet been taken. If the SI base unit is given a new
name and symbol, then the sub-multiple gram, symbol g, should be approved as a unit to be
used with the SI like the litre, tonne, minute, hour day, week, degree, and gon. Then you can
continue to buy 2 kg of potatoes just as you buy 75 cl red wine today. The layman will see no
difference.

In Annex A I have listed the single-letter unit symbols we have today. There are a few single
letters still available for use. If none is found to be suitable we may choose a multiple letter
symbol for the SI base unit for mass.

d) Order of the base quantities in the 1SQ and the base units in the SI
The present order of the base quantities in the ISQ and the corresponding base units in the SI
are the following:

length unit metre, m
mass unit kilogram , kg
time unit second, s
electric current unit ampere, A
thermodynamic temperature unit kelvin, K
amount of substance unit mole, mol

luminous intensity unit candela, cd
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The ISQ, in which the order of the base quantities is given, is handled by ISO/TC 12 and
IEC/TC 25. There is no proposal in ISO or IEC to change the historical order of the base
quantities in the ISQ. As stated before the base quantities are considered to be independent of
each other, and is thus no ground to change the order in the ISQ. The SI should follow the
same order for the corresponding base units. It is true, as also was stated before, but only as
step 2) in the creation of a unit system, that the definitions of the base units may depend on
each other. Thus, for example, the definition of the SI base unit metre depends on the
definition of the SI base unit second. This is, however, no ground to violate the order in the
ISQ, which is the step 1) in the creation of system of units. I strongly prefer to keep the
present order of the base units on the SI in accordance with the ISQ.

e) Symbols for the SI prefiixes kilo, hecto, and deca

The symbols for SI prefixes for factors greater than 1 are denoted by capital letters, except the
symbols for kilo, hecto, and deca, which are denoted by lower case letters. All symbols for the
SI prefixes for factors smaller than 1 are denoted by lower case letters. It has been discussed
to replace the symbols for the prefixes for the kilo, the hecto, and the deca with capital letters.
If so, a transition period of eight years is proposed. The proposed symbols are K for kilo, H
for hecto, and D for deca. The advantage with this proposal is that all prefixes for factors
greater than 1 are capital and all symbols for factors smaller than 1 are lower case. Another
advantage is that the symbol for deca is a single letter symbol instead of the present two letter
symbol da. The disadvantage is that the symbol K is used for the unit kelvin, and the symbol
H is used for the unit henry. This is not a serious problem. The symbol m for milli is also used
for metre and the symbol T for tera is also used for tesla. I am in favour of this proposal.

f) Status of the coherent derived SI unit neper, symbol Np

CCU and CIPM have proposed to the CGPM 2003 to adopt the coherent derived SI unit
neper, symbol Np, as a formal SI unit. This unit is important in acoustics and in
telecommunication for logarithmic quantities. For an electric or acoustic signal given as a
complex quantity the real part of its natural logarithm is given in the coherent derived unit
neper and its imaginary part is given in the SI coherent derived unit radian, rad. The Director
emeritus of BIPM Pierre Giacomo, who never accepted complex quantities and their units,
objected strongly, and the chairman of CCU, Ian Mills, withdraw this very good proposal.
Unfortunately I was not able to participate in that CGPM. I suggest that this proposal is again
put forward to the CGPM.

g) Why fix the values for the Planck constant and the elementary charge?
It has been argued that fixing the values of the Planck constant and the elementary charge is
desirable, because then the values of the Josephson constant, K = 2e/h and of the von Klitzing

constant Rk = h/ez, are also fixed expressed in SI units and can replace the conventional
values of the Josephson constant Kj-90, and the von Klitzing constant, Rk-9,. These constants
are used to realize the SI coherent derived units volt, V, and ohm, Q. This is, however, only
the third and last step in the creation of a system of units and shall not destroy the structure of
the previous two steps, especially step 2). That is why I am not in favour of this proposal as |
have said above.

There have been two major schools in the CCU; the system theoreticians, e.g. Ulrich Stille,
DE, Jan de Boer, NL, Henning Hegjgaard-Jensen, DK, Erik Rudberg, SE, and later Max
McGlashan, GB (for the mole), who constructed the present SI built on the the MKSA-system
proposed by Giovanni Giorgi, IT, in 1901, and developed in IEC by Giorgi and John
Wennerberg , SE, and the metrologists, today led by the Chairman of CCU, Ian Mills, GB.
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h) Distinction between quantities and their units used in physics and in physiology

Most quantities are pure physical quantities such as length, unit metre; m mass unit kilogram;
kg: and electric tension, unit volt, V. Many of these units are also used in physiology, such
absorbed dose, unit gray, Gy; exposure, unit coulomb per kilogram, C/kg; and catalytic
activity, unit katal, kat. There are also quantities that are only defined and used in physiology,
such as luminous intensity, unit candela, cd; luminous flux, unit lumen, Im; illuminance, unit
lux, Ix; and dose equivalent, unit sievert, Sv. It could be discussed if the units for the latter
group of quantities should be given a special name in the SI, for example supplementary units,
which name is now free for use. Such quantities and units are now developed in the ISO/IEC
80003-series, Quantities and their units to be used in physiology. Units that are recognized by
the CIPM for use with the SI, such as minute, min; hour, h; day, d; week, w, litre, | (or L);
tonne, t, electronvolt, eV; and bel B, could be called additional units.

1) Symbol for the unit litre

The unit litre and its symbol lower case | were adopted by the CIPM 1879. The CGPM 1901
defined the litre as the volume occupied by 1 kg of pure water at its highest density under the
pressure of one standard atmosphere, atm. The CGPM 1964 redefined the litre tobe 1 1 :=

1 dm’. The CGPM 1979 adopted the two symbols, lower case 1 and capital L, as symbols for
the litre to avoid the risk of confusion between the lower case 1 and the number 1. Typewriters
at that time from IBM had one and the same key for the two symbols. This decision violates
two fundamental rules for international unit symbols; there shall be one and only one symbol
for each unit and the initial of the symbol shall generally be lower case except when the unit
name is derived from person’s name when the initial shall be capital. The then Secretary of
ISO/TC 12, Mrs. Vibeke Simonsgaard, was present at that CGPM as a member of the Danish
delegation. She realized of course that this was not a good decision so she proposed during the
Plenary meeting that CGPM should invite the CIPM to study the development of the use of
the two symbols and come back to the CGPM with a proposal for one single symbol in eight
years. This additional proposal was adopted. This was 32 years ago, but CCU or CIPM have
not yet presented any proposal. Therefore I propose to adopt the unit symbol It for the unit
litre to replace the present two symbols. It is one single symbol and it has a lower case initial.
If this proposal is adopted the present problem is solved without violating any fundamental
rules.

Anders J Thor
Chairman of IEC /TC 25, Quantities and units
Chairman of ISO/TC 12, Quantities and units
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Annex A, Single-letter symbols for units

ampere
bel, byte
coulomb
[deka]
exa
farad

giga
henry, [hecto]

joule

kelvin, [kilo]
litre

mega
newton

(cf. zero, 0)
peta

siemens
tesla, tera

volt
watt

yotta
zetta
angstrom

O @ o N X o < & —+ @ "*»Q’UOCSB'_‘W““""U‘UO o o0 o e

year
barn
centi
deci, day (=24 h)

femto

gram

hecto, hour
imaginary unit
imaginary unit (in electrotechnology)
kilo

litre

metre, milli
nano

octet

pico

revolution (= 27 rad)
second

tonne

dalton, [uno]

week
(cf. multiplication sign, x)
yocto
zepto

From the Greek alphabet we have lower case mu, p, for micro; and capital omega, €2 for ohm.
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IUBMB

The Nomenclature Committee of the International Union Biochemistry and Molecular Biology
(IUBMB) is responsible for Enzyme Nomenclature. Established in 1961 it celebrates its 50"
anniversary this year. This is a catalogue of enzyme catalysed reactions which is still growing
rapidly. There is a continuous process of evaluating new candidates and, after public review, adding
them to the list. Looking at the annual statistics for the last ten years the figures show the recent
accelerated addition of data:

New  updated transferred/deleted completely new (new — transferred)

2001 94 48 19 75
2002 174 92 94 80
2003 121 56 25 96
2004 74 40 17 57
2005 121 38 36 85
2006 102 56 16 86
2007 59 16 8 51
2008 70 19 5 65
2009 85 6 5 80
2010 194 25 13 181
2011 228 79 14 214
(7 mo.)

A growing number of entries are also linked to a corresponding reaction diagram. Many of these are
complete pathways of biochemical biosynthesis or catabolism.

One more project of [IUBMB has been published earlier this year. This a revised Recommendations
for Terminology and Databases for Biochemical Thermodynamics [Biophys. Chem. 155 (2011) 89-
203]. It is a revision of the JCBN document of 1994.

The other activity of the Union is the joint work with [UPAC on the Joint Commission on
Biochemical Nomenclature (JCBN). Current projects of JCBN are:

* Flavonoid Nomenclature

* Carbohydrate Nomenclature, supplement to the 1996 document and an abbreviated document
more suited to biochemical users.

* Small Molecules of Biochemical Interest.
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International Union of Crystallography

Report on the activities of the IUCr Commission on Crystallographic Nomenclature
2011

The Commission on Crystallographic Nomenclature comprises an elected Chairperson and ex
officio members, namely the Editors of the journals and International Tables of the
International Union of Crystallography, the Chairman of the IUCr/OUP Book series
Committee, the Chairman of the Teaching Commission, the Chairman of the Committee for
the Maintenance of the Crystallographic Information File Standard (COMCIF), the President
and the General Secretary of the [UCr. The Commission meets in person every three years at
the occasion of the IUCr Congress. The last meeting was held in Osaka, Japan, on 25 August
2008 and the next meeting will be held in Madrid on 27 August 2011. The activities of the
Commission are mainly two-fold:

1) Nomenclature issues. Nomenclature problems arising in specific fields of crystallography
are studied by ad hoc committees of experts appointed by the Commission or via direct online
discussion between members.

2) Online dictionary of Crystallography. The Commission established in 2006 an Online
dictionary of crystallographic terms based on the principle of Wikipedia, using mediawiki
software. It became operational in 2007. The present Board of Editors of the Online
Dictionary is constituted by:

André Authier, Founding Editor, Aauthier@wanadoo.fr

Gervais Chapuis, Editor in Chief, gervais.chapuis@epfl.ch, appointed in 2009
Howard Einspahr, Editor for Biocrystallography, hmeinspahr@yahoo.com
Howard Flack, Editor, crystal@flack.ch

Brian McMahon, Administrator, bm@iucr.org

o0 o

The Online dictionary may be consulted at the web page:

http://reference.iucr.org//dictionary/Main_Page

Writing a new entry or editing an existing entry is reserved to registered users. People wishing
to register should apply to the Editor in Chief, Gervais Chapuis.

André Authier
Chair, IUCr Commission on Crystallographic Nomenclature
22 July 2011
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This year has seen a continuing evolution of NC-IUPHAR with a record
number of publications; major enhancements to the IUPHAR database
(IUPHAR-DB: www.iuphar-db.org) and encouraging steps towards financial
security despite a very difficult environment.

In a major new partnership, IUPHAR are joining forces with the British
Pharmacological Society to support the development of a single world-class
website providing access to dynamically updated, searchable versions of
IUPHAR-DB and the BPS Guide to Receptors and Channels (GRAC). BPS
and IUPHAR will underwrite equal shares of the costs of the project, which will
involve close collaboration between the editors of GRAC, NC-IUPHAR and
the IUPHAR-DB team at the University of Edinburgh (headed by Tony
Harmar). As always, we depend on sponsorship to deliver IUPHAR’s financial
contribution to the project; recent donations from Servier, GlaxoSmithKline
and from an anonymous benefactor are very gratefully acknowledged.

1. Organisation.
The committee of NC-IUPHAR has been revised. (see appendix)

The Editors of GRAC are already full members of NC-IUPHAR and play a full
role in the work of that committee.

Corresponding Members.

In order to broaden the expertise of the core committee, the number of
corresponding members has been increased. Corresponding members attend
selected meetings of NC-IUPHAR and include representatives of the major
pharma companies. They now include a subgroup of clinical pharmacologists
who will provide advice on translational aspects of receptor pharmacology.
There will be a discussion on this at the next NC-IUPHAR meeting with the
president of IUPHAR.

Evolving Pharmacology.

Anthony Davenport leads a group which monitors the “de-orphanisation” of
GPCRs. Particularly important and timely breakthroughs are included in the
hot topics part of the database with email alerts.

Subcommittee chairs propose a list of experts, ratified by NC-IUPHAR, to
ensure adequate representation of the field. The chairman of each
subcommittee plays a critical role co-ordinating the actions of the
subcommittee, organising meetings and finalising documents and the website
pages. However we encourage the presence of postdocs in the subcommittee
as chairs simply do not have enough time to fill in the various template fields —
postdocs can therefore get publication credits, and several NC-IUPHAR



publications have become citation classics. The subcommittee meets to
establish consensus on classification, and to ensure that the NC-IUPHAR
guidelines are complied with. NC-IUPHAR benefits from a privileged
relationship with ASPET and core publications appear in Pharmacological
Reviews.

2. Publications.

A record number of publications has appeared in Pharmacological Reviews,
reflecting the activity, generally, of NC-IUPHAR and specifically, the
dedication and efficiency of the editor, Eliot Ohlstein. The publications are
listed in appendix 1.

3. Meetings and Symposia.

WorldPharma2010.

NC-IUPHAR organised a Workshop “Translating the human genome: from
orphan G-protein coupled receptors to novel therapeutic targets”, chaired by
Anthony Davenport and Michael Spedding. Topics included receptors for
apelin, relaxin and trace amines, together with a talk on GPR3, an orphan
GPCR modulating amyloid secretion in Alzheimer's disease. Focused
conferences co-organised by NC-IUPHAR members included “Nuclear
receptor targets for treatment of diseases” (Bart Staels and Vincent Laudet),
‘lon channelopathies: New windows on complex disease and therapy” (Bill
Catterall) and “G protein-coupled 7TM receptors: From molecular to
physiological function” (Brian Kobilka and Jean-Philippe Pin). Roger Pertwee
and Allyn Howlett (Chairs of the NC-IUPHAR Subcommittee on Cannabinoid
Receptor Nomenclature) were co-organisers of the 20th Annual Symposium
of the International Cannabinoid Research Society, held as a satellite meeting
of WorldPharma2010 in Lund, Sweden from 24™ — 27" July.

20th Neuropharmacology Conference.

This conference entitled “High Resolution Neuropharmacology: Structure
Changes the Paradigm” was a joint venture between Neuropharmacology and
NC-IUPHAR held in San Diego on 10th - 12th November 2010 as a satellite to
the 2010 meeting of the Society for Neuroscience. The theme of the meeting
was to highlight how emerging structural data are providing new insights into
the molecular properties of receptors, ion channels and transporters,
revolutionizing pharmacological concepts, and leading to new ideas of drug



discovery and development. The proceedings of the conference were
published as a special issue (21 articles) of Neuropharmacology, edited by
the organising committee.



4. The IUPHAR database: IUPHAR-DB (www.iuphar-db.org).

IUPHAR-DB now covers 616 human and rodent drug targets from four protein
families: G protein-coupled receptors (GPCRs), voltage-and ligand-gated ion
channels (VGICs and LGICs) and, in a recent addition, 49 nuclear hormone
receptors (NHRs). IUPHAR-DB now receives over 125,000 visits from about
160 countries each year.

Recent enhancements

A summary of recent improvements to IUPHAR-DB has been published in
Nucleic Acids Research (see Sharman et al reference in the Appendix).
Significant progress has been made in the gene coverage, ligand presentation
and database searchability. Receptors are now linked to 3D structural
information on the Protein Data Bank. A few receptor pages are still awaiting
completion; placeholders containing basic information are provided (please
contact us if you can help with annotation). Ligand molecules now have
dedicated data pages displaying structural information, electronic descriptors,
physico-chemical properties, systematic names, biological activity, lists of
similar compounds and links to other databases such as DrugBank, ChEMBL
and PDB. An example of a ligand page can be seen at http://www.iuphar-
db.org/DATABASE/LigandDisplayForward?ligandld=5. Ligand searches can
be conducted using names, chemical identifiers and chemical structures (see
http://www.iuphar-db.org/DATABASE/chemSearch.jsp).

A “traffic-light” system has been introduced to allow curators and contributors
to easily keep track of the receptor annotation status and to encourage our
audience to get involved in the curation process. Databases linked to from
genes in IUPHAR-DB now include InterPro (protein sequence analysis and
classification), TreeFam (a database of phylogenetic trees of animal genes)
and data on mouse phenotypes, alleles and disease models from MGI
(http://www.informatics.jax.org/).

GPCR pages recently updated include

* The Hydroxycarboxylic acid (HCA) family of receptors (formerly called
the Nicotinic acid receptor family)

* The Lysophospholipid (LPA and S1P) receptors (awaiting final review)
* The Frizzled family receptors FZD3 and FZD4

* Pages for several orphan GPCRs, including GPR39, LPAR6, GPR35,
GPR87 and P2RY10.



e Graphs of GPCR gene expression in mouse tissues adapted from
Regard et al. (2008). Cell, 135(3): 561-71 have been added for all
GPCRs.

Work on Ligand-Gated ion Channels, following the complete classification/
nomenclature system published by Collingridge et al (2009b) is underway.
The classification system, introduced at a very well attended conference
cohosted with Neuropharmacology, has now been cited >100 times in the two
years since publication.

* Annotation of 5-HTj3 receptors, glycine receptors and ZAC is complete

* The lonotropic glutamate ligand-gated ion channel subunits have been
added to the database with nomenclature and database links; full
annotation is provided for the GIuA2 subunit

* Annotation of several ligand-gated ion channel subunits, including the
0, €, 8 and T GABAA subunits and the P2X7 subunit, is complete, with
more to follow soon.

Future developments in IUPHAR-DB

A priority in 2011 will be to create the web portal giving access to both GRAC
and IUPHAR-DB. We believe that the creation of two complementary
resources, consistent in content but different in focus, each carrying the
authoritative backing of both IUPHAR and BPS, will be immensely valuable as
tools to assist research in pharmacology and drug discovery, to educate the
next generation of biomedical and clinical scientists and to provide the general
public with accurate information on how drugs work. In the future, we hope
that combining the expertise of the separate — but overlapping - panels of
experts who contribute to GRAC and IUPHAR-DB in a single coherent effort
will enhance the value of both IUPHAR-DB and GRAC. For example, we hope
to introduce an expert recommended “gold-standard” set of ligands for each
drug target. This will consist of commercially available, well-validated
compounds with suitable properties for in vivo/in vitro work. We are also
planning to set up an online NC-IUPHAR expert directory which will include
profile pages for database contributors and facilities for community networking
and discussion around items such as Hot Topics (issues of current interest in
the general field).

5. Future directions for NC-IUPHAR.

The next meeting (agenda attached) shows how scientifically dynamic NC-
IUPHAR is. There are major efforts ongoing to define the main variables in
drug receptor interactions (table 1). Thus recommendations on critical issues
for pharmacology - biased signalling, receptor heterodimers, epigenetic drug
targets, and transporter classifications, will be all addressed.



The multiple variables in drug-receptor interactions, shown in Table 1, are
under evaluation by working groups and this will lead to a number of reports in
the near future - about issues which are of crucial importance for
pharmacology.

The clinical translational pharmacology group will discuss how to respond
best to the wishes of our clinical colleagues.

NC-IUPHAR and HGNC collaborate on the nomenclature are making
databases of all the human genes encoding receptors and other drug targets.
Furthermore we plan to assess all the “druggable genome” in an effort to
provide real support to innovative drug discovery throughout the world.

Projects which are under consideration include characterisation of receptors
linked to tyrosine kinase and cytokine receptors, but even though NC-IUPHAR
is a very flexible organisation, ambitious projects require funding and project
completion is also dependent on this.

Table 1.
Some of the variables in Drug/Receptor interactions
which would lead to different functional outputs from drugs

Agonism, partial agonism, antagonism, inverse agonism

Onset and offset kinetics

Concentration of agonist

Site of action within the receptor (orthosteric, allosteric)

G protein coupling.

Phosphorylation, acylation efc.

Transactivation (eg GPCRs modulated by tyrosine kinases)

Presynaptic/postsynaptic control

Receptor heterodimers

Receptor accessory proteins (e.g. coupling to PDZ domains) and
associated coupling complexes

Chronobiological modulation of accessory proteins, receptor
expression efc.

Functional selectivity — ligand-induced differential signalling.




Biologically important receptor polymorphisms (SNPs,
pseudogenes,alternative splicing, mRNA editing)
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1. Key issues of meeting.
The main issues treated in the meeting were:

* “Guide to pharmacology” partnership GRAC-NC-IUPHAR

* Databases

* Epigenetic targets and pharmacology

* Receptor dimers and biased pharmacology

* Emerging pharmacology and orphan receptors

* (linical and translational pharmacology

* Plus usual business and future
Key question: Do we want the website to become a one stop pharmacology shop (all
targets should be covered? E.g. miRNA, other)

Background of major worldwide changes in the pharmaceutical industry. How
can we accomodate to the new situation?

2. Approval of the April meeting minutes (Chairman)

The minutes of the last meeting have been accepted

3. Financial report (SE and UR)

SE Gave brief info on the current status. Most important is the GRAC agreement.
At the end of last year 280 kUSD as an anonymous donation was received
exclusively for NC-IUPHAR use. These are good basis for further development.
Servier continues support, this and next meeting is underwrited by the company.
UR presented the treasury report. The main numbers: 2010 income for [UPHAR
146 kUSD. Donations: Abbott 10000, ASPET 10000 USD, Operation expenses 149
kUSD. NC-IUPHAR 71 kUSD donation from Servier, a reserve donation of 254
kUSD, Net gain 163 kUSD, saldo is over 815 kUSD, this year cost will be about
150 kUSD, last year the total expenses were 160 kUSD. BPS tries to identify
sources but Pfizer closed the Sandwich site (IM). AD: Actelion should be
approached and other new companies as well. SE: a systematic list is under
preparation by Lynn (IUPHAR office), and the letters will be sent out. An existing
letter by Tony and Michael could be used. Sending and chasing of letters will be
done by SE’s office and via BPS. A joint letter can be generated for both
organizations.

4. GRAC/NC-IUPHAR interactions

A name is necessary for the initiative (e.g. Pharmapedia or Pharmacopedia). This
was approved as “Guide to Pharmacology” as overview of GRAC and IUPHAR-
DB/NC-IUPHAR. Coverage issues: GRAC lists a small number of important
compounds, whereas NC-IUPHAR DB lists a large number without evaluation or
ranking. GPCRs can be easily harmonized between GRAC and NC-IUPHAR DB,
other groups might be more difficult. Inclusion of enzymes should be considered,
only a few pharmacological targets compared to the large number of enzymes.
Joint publications: If something is published in Pharm Rev and/or BJP, it should
be under the NC-IUPHAR banner. ASPET and BPS publications should be
coordinated and stored on a common website. Virtual theme issues could be




published on the web. All recent reviews would appear in a searchable site,
which would make it easier to find relevant papers (either BJP or Pharm Rev).
Funding is a key question, but it should be coordinated (who approaches who,
how, etc). Periodic update would be necessary on the budgetary situation (e.g. 6
monthly). The next report willl be prepared by Tony by the end of this year.

5. Neuropharmacology conference report (MS)

Neuropharmacology aims at a high impact factor (around 5). The last meeting
had been a great scientific success, leading to a full volume of
Neuropharmacology on crystal structures for allosteric and othosteric sites. The
special issue of the conference will help to reach this goal. Crystal structure
research from all fields were collected together. Highlights: chemokine rec,
mGluR, GPCRs, EAATs, molecular dynamics simulation by Steve White indicating
that the role of TM helices may be to facilitate the entry of water into the
membrane, which may have immense implications for pharmacology (with
compounds with pKas of ~7 but dissolved in lipid surface. Potential variables in
receptor interactions (see table in MS’s paper). A future possible
Neuropharmacology conference should more clinically oriented but this needs a
motivated team from NC-IUPHAR (the chairman does not have time). Volunteers
for November 2012 meeting? Epigenetics?

6. IUPHAR database (AH)

For details see database report.

Arising issues: ligand names and formats, missing affinity data and references,
differences between targets in GRAC and NC-IUPHAR, ion channels grouped by
subtypes -sparse data

Stephanie Watts should be included in the committee for 5-HT2 cardiovascular
aspects, MS/RN to communicate with Nick Barnes, Neumeier,

Question of drug names: trivial, generic and brand names (all should be used to
help drug identification). Protection of NC-IUPHAR database intellectual
property rights to prevent commercial use of data in other databases

7. Transporter issues (SA)

SA gave an overview of the topic (see precirculated ppt presentation). Definition
of transporters: membrane associated proteins that allow the movement of
solutes across the membrane against the concentration gradient.

Families: P-type ATP-ases (5 families, 25 functional entities, 5 orphans , i.e.
endogenous substrate is unknown) major functions: regulation of membrane
potential, Ca2+, Cu2+ hoemostasis. ABC transporters (6 familes, 35 functional
entities, hard to define an ABC orphan) major function extrusion of compounds
and drugs, SLC families (47 families, 350 functional entities, 50 orphans). Diverse
functions: e.g. monoamine transporters. P-type and ABC transporters use ATP
hydrolysis, whereas SLC transporters use ion gradients as driving force.

Reclassification is not necessary, becuase the existing nomenclature is
acceptable, but the pharmacologically/therapeutically important families should



be identified. The SLC classification (M Hediger in Bern) should be used, and a
meeting should be organized.

8. GPCR dimers an update (JPP)

The NC-IUPHAR recomendations have been very useful in setting a high barrier for
recognition of GPCR heterodimers. Five years on — what progress ? Class 3 receptor
dimers are proven (GABAg receptors) but what other receptors are involved?

*The dimeric entity has specific properties: either a specific pharmacological
property, or a specific signaling pathway,

eDirect evidence for the existence of such a dimeric entity in native tissue
must be provided.

Biaised signaling whereby different transduction pathways may interact to
synergise or to block distinct cellular signals without heterodimerisation is a
major confounding issue (see RN’s section)

Other exemples:
- Gg+Gs -> potentiation of cAMP formation via Ca-AC

- Gs+Gi -> potentiation of cAMP formation via AC type Il



Dimers must have specific pharmacological and signalling properties. Direct evidence
for the existence of dimers in native tissues is missing. Prevention of dimerization
should result in specific loss of function. Small peptide antagonist could be used for
this purpose.

However recent evidence indicates that heterodimers may be LESS important than
thought at first.

single receptors can signal without needing homodimers (Wharton et al),

the surface of heterodimers which interact is relatively small (Ray Stevens)
thus there will be low energy reinforcing interactions, especially for class 1
receptors. This appears to be the case. Stability of dimers is low, the
connection is probably transient. FRAP microscopy is a suitable technique to
study dimerization. Formyl peptide receptor dimerization was also proved
using this method. Single molecules moving at the surface of the cell (two
different fluorophores) provides direct evidence for the transient association
(e.g. M1 muscarinic receptors, Birsdsall). Out of 6000 receptors per cell, 2500
are dimeric, 3500 monomeric with very short dimer lifetimes (half life 1-2
secs). This has major implications for research as overexpression in artificial
systems will force the system to recognise dimmers which may not occur
naturally.

In vivo detection of dimers: This difficult proof has proven a great (but
necessary) barrier to recognition of heterodimers. FRET produced in vivo
evidence for oxytocin receptors but not for other GPCRs. Opioid receptors:
mu and delta are not expressed on the same cells in the spinal cord, but there is
evidence for heteromers antibodies against mu-delta heterodimers. There is a
highly selective activator of mu/kappa heteromers although it is not
necessaryily means the existence of mu/kappa dimers. D1-D2 heteromers:
FRET data in native tissues but Susan George used ab against ab which might
bias the conclusion. Uncoupling D1-D2 complex has antidepressant effects
TAT-D2 peptide prevented dimerization and proved to be antidepressive in
patients. GABAg oligomers in the brain have been shown in vivo FRET data.

Conclusions:

Apart from GABAg receptors, the dimerisation is transient, hard to detect.
Good evidence for OT dimers, increasing evidence for D1-D2, new data on
the existence of mu/kappa. Fast association and dissociation kinetics

There are still some intense debate in the field

Dimers may not be stable, offering a real nightmare for who want to classify
dimers.

Good evidence for OT dimers in the mammary gland, but no specific
properties identified yet

Increasing evidence for D1-D2 dimers

New data supporting the existence of p-k heteromers in vivo

9. Clinical Translational Pharmacology Group (PS)

MS had previously organised a prototypical Clinical Translational Pharmacology
Group - but with the objectives of supplying translational pharmacology
guidelines from receptor pharmacology to animal pharmacology, clinical
pharmacology and clinical therapy.



An opposite approach is to provide pharmacological knowledge about drugs to
clinicians. A template was prepared for drugs (AT1 blockers). The question is
how we could provide useful information for the clinicians. Members of the CTP
group (Darrell Abernathy, PS, and others) prepared suggestions. Courses should
be organized for clinicians on clinical pharmacology. Flagship course by IUPHAR
around the world. How do you handle the registration differences in different
countries (RN)? Classes of drugs will be covered. Target audience should include
not only clinical pharmacologists but also general practitioners. An article on key
issues of translational pharmacology by clinicians (MS) would be desirable. BJP
could published (IM). SE and PS will work on this issue.

However, there will be a meeting to decide which (or both) approaches
(pharmacology translation for scientists or drug description for clinicians) will
be prioritised and how this will be performed. The next meeting will work on
this.

10.Epigenetics (Rabinder Prinjha GSK - Epinova)

Epinova is the GSK company involved in epigenomics. The definition of
epigenetics:

“Heritable changes in phenotype through mechanisms other than changes
in DNA sequence”

Epigenomics - acute effects, epignetics - transmitted through generations

However other definitions have been proposed

“Stable genetic programmes caused by chromatin structure modifications”
(Becker)

Note that transmission through generations is very limiting regarding the
phenomena which can be included as effects on germ cells are very difficult to
relate to other tissue-dependent epigenomic effects, particularly as epigenomic
effects are so strongly tissue-dependent. Also methylation of follicular cells is
normally set in utero. The definitions are important.

Cytosine methylation and postranslational changes of histones. Hypoacetylation
in well packed silent genome.

There are major initiatives going on: NIH (at least 5 program initiatives), Broad
Institute, Human Epigenome Project (HEP), SGC (University of Oxford). The main
Big Pharma companies are Pfizer, Merck, Novartis, Genenetech and there are a
number of SME biotech companies (Epizyme, CellCentric, Constellation,
EpiTherapeutics, Oxepi, Ikerchm). The main therapeutic areas are oncology,
neuroscience, metabolism, immunity.



Key experiments may be in discordant twins, methylation states similar initially
but they may age individually and the markers are different.

Epigenomics may be a composite cellular memory, hypo and hyper methylation
of CG domains, which are also modulated by inflammation and aging

Histone markers are more difficult, - as is trying to alter back to normal

DNA normally tightly packed and inaccessible so need tags to open packets of
genes

- Silenced
- Constitutive expression
- Inducible expression

Gene specific control of inflammation by TLRs is a major control mechanism and
a very useful experimental tool.

1. Silent gene 2. secondary response 3. primary response genes with partial
open (eg 20 min IFNs on with TLR activation) genetic material, 4. constitutive
activation

The chromatised state of genes is crucial for responses.

The nucleosome, with arms on tails, has many possibilities of modulation : acetylated,
deacetylated, methylation (1, 2, 3), arginine deimination, protein isomerisation,
phosphorylation, ubiquitinylation. All sites are mapped (see precirculated
presentation). An important issue is the addition of single double or triple methyls to
lysine

Many hundreds of proteins involved in histone methylation/acetylation, writing,
reading, and erasing

An IUPHAR review would be necessary; the complexity of the task is major, but it
is also of major importance.

The enzymes proposed are listed below (* pharmacological tools identified, **
clinical trials ongoing or marketed):

Lysine demethylases*

Lysine acetyltransferases*



Lysine deacetylases™*

Lysine methyltransferases™*
Arginine methyltransferases*
Arginine deiminases*

Bromodomains*

The enzymes we propose to address only in a second round are listed below:
DNA methyltransferases™ and cytosine deaminases

DNA binding proteins and methylation dependent transcription factors
Non-coding RNAs

Prolyl-isomerases

Ubiquitin-ligases™

Deubiquitinylases

Sirtuins™*

Serine/Threonine kinases* *(elsewhere?)

Phosphorylation readers (elsewhere?)

Methyl-readers

New nomenclature for lysine deacylations - HDACs
Inhibition of HDAC inhibitors (KDMs and KDACs)
Vorionostat, romidepsin : still difficult to dial in selectivity

Broad Institute has a good range of crystal structures, starting pharmacology
from this approach.

Example - Lysine acetyltrasferases, arginine methyl transferases

Arginine can’t de demethylated but deiminases exist - PAD4 inhibitoars

Histone modification binding proteins example :
Bromodomains 110 residue domains which bind to acetylated lysine

>58 human bromodomains (ex Brama related domains) of which there are Bet
inhibitors -



Prevent recognition of suppression of inflammation by a synthetic histone mimic
Chemically inducible - molecules can induce target
Example GSK program, reported in Science:

BET proteins - stereoselective - benzodiazepine scaffolds. Sit in acetylated
histones.

Whole range of bromodomains - anti-inflammatory effects.

Thus the inhibitors selectively blocked a subset of genes activated from TLR
activation.

They effectively induced biaised signalling effect of TLR4 modulation.

They prevented LPS killing mice. Even when compound given 90 mins post LPS it
still worked, preventing terminal organ failure.

Tanabe also have selective bet protein modulators with benzodiazepine-like
compounds.

Translocation of foci of hypermethylation, with v aggressive phenotype
Protein —protein interactions to block immune and anticancer effects

Epigenomics would be perhaps a more accurate term (RN). Only a few reviews
have been published on epigenetic drug targets, it is the time for NC-IUPHAR to
enter the field (MS). The committee agreed to work on this issue. A template
should be designed. The nomenclature for some targets is set (see Cell paper). A
conference call should be set up with Kevin Lee and David Simmons about the
continuation. The authors of the Cell paper could be involved as well. A review
could be published in BJP soon (end of this year, or beginning of next year).

11.Evolving pharmacology (AD)

See attached report and precirculated tables.

Hot topics section. Orphan receptor tables. Deorphanized receptors (table 1).
CXCR?7 receptor is a beta arrestin signaling protein rather than a GPCR. GPR120
should be also discussed. Graeme Milligan could organize the committee (O3FA
or a better alternative). Deorphanization is not yet accepted by NC-IUPHAR, but
a ligand has already been proposed (table 2). Unrepeated pairings (table 3). An
orphan update will be prepared for Pharm Rev (AD). Use of the term ‘scavanger
receptor’ for chemokine receptors is not supported. Receptor definition: if there
is no signaling only binding, like in case of some CX receptors, binding proteins
should be and are covered by NC-IUPHAR.



12.Contract with Discoverex

They plan to sponsor NC-IUPHAR with 5000 £/year plus some additional fee for
hits. They have sent a contract, but they would like to get an extensive coverage
with updated links. It is still under negotiation, 10000 £ plus cost would be more
realistic. The logo of sponsors should be updated, after 2 years inactivity it
should be removed. Pfizer should be approached (because of the previous Wyeth
sponsorship) but with caution because of the Pfizer B]JP sponsorship.

13.LGIC report (JP)

3 major families (Cys-loop, ionotropic glu, P2X rec). Subunits 73 in total. 5-HT3,
Gly are completed and published. nAChR (Neil Millar) all subunits are covered
and completed, but not yet published (will be in the near future). GABAA
(Richard Olsen) annotation and completion are only partial, rho subunits are
troublesome. Ionotropic Glu (Graham Collingridge). Annotation is only partial,
completion and publication are missing. Students should be involved to complete
the work and experts should approve the filled templates. P2X (Charles
Kennedy) only P2X7 is completed and published, the rest is not yet ready.
Receptor list in 3 categories: identified, existence with high probability and
tentative. 5-HT3 glycine and ZAC receptor tables are ready. JPP and the
committee chairs were warmly commended by the chair.

14.Editor’s report (EO)

See precirculated presentation.

Seven manuscripts have been published in 2010, 3 accepted or published in
2011, 8 reviews in progress (chemokines, 5-HT3, muscarinic, NPY, histamine,
Ca2+-activated chloride channel, orexin, anaphylatoxin receptors). Potential
new: orphan receptors, nomenclature for splice variants, opioid heterodimers
(Bryan Cox), nicotinic receptors (Mike Jarvis). New ideas: 1.) Epigenetics. 2.) Ad
[jzerman suggested a review: Receptor residence time. Access of ligands to
receptors, lipid interactions (MS). It might not be appropriate for Pharm Rev, but
the manuscript should be checked before a final decision 3.) DA update (RN).

Nomenclature reviews should be published in Pharm Rev but other type of
papers could be published in B]JP (IM). A parallel review in BJP, short papers.

15.New initiatives

An EU grant: An initiative in GPCR research on biased signaling:. A grant
opportunity: Understanding the conformational changes in receptors upon
ligand binding. Developing screening tests, (Heptares is involved). The
application passed the first round (8/48), in the second round 4 applications will
be granted out of 8. In vivo studies. Fiona Marshall is a key person in this
application

Channelopathy grant: AFM encourages NC-IUPHAR to submit a grant, but there
is some difficulty in funding , meeting on Thu (next week), MS and AFM
representatives

SFN symposium: Previous application was not successful but it was promising.
NC-IUPHAR will try it again.



WADA: Large grants but not applicable directly to database work, nevertheless it
would be possible to join some applications.



16.Funding (SE)

Identify potential donors (personal contact should be found). Bob Ruffolo would
help the initiatives. A list should be generated with donors, personal contacts.
Urs & Colin - GSK, Novartis, Roche Urs & Patrick --Actelion, Eliot - Bob Ruffolo,
Kevin and Rab - Pfizer, ].C., Michael - Servier, Rick - J&], Ruddon, Jean-Philippe -
AstraZeneca, Pangalos, Sam - Merck US, Schoepp, Steve will search for contacts
- Bayer, Michael - Lilly, Tony - UCB. Michael - Galapagos & Lundbeck Europe.
Follow-up by Sam. The companies’ return would be the appearance on the
website. [UPHAR has a charity designation in the US and Switzerland.

Australian visit, possible joint project with A Christopolous in Melbourne

It is crucial to maintain our reputation for integrity, cf financing (the DB should
remain an open source)

17.Biased signaling - Scientific update and progress of documents. (RN)

Question of nomenclature. Functional selectivity is perhaps more accepted as a
general term but the ligands should be called biased agonists/antagonists. 350
receptors, 4 G protein families, 20 Galpha subunits, many effectors and functions.
Many GPCRs can be connected with more main G protein families. because of this
diversity the number of variations is enormously high (in terms of the ligand-
receptor-effector combination). Ligands can induce multiple receptor
conformations, which can be connected to different effector pathways. Evidence
for the phenomenon:

a.) beta2 inverse agonists at cAMP response activate ERK. The extent of
these responses depends on individual antagonists (do not move
together).

b.) Arrestin can positively contribute to signal output e.g. angiotensin
receptor elicits fast Gq/PKC and slow arrestin dependent pathways.
Special agonist evoke only arrestin response, but not Ca2+ increase.
Functional selectivity can/could be used in clinical practice. AT1A
receptor-mediated ionotropic response can be dissected from G protein
response (clinical implications in heart failure). D2 : aripripazole is more
effective to block beta-arrestin output than G protein output
(antipsychotic). beta adrenoceptor: carvediol in heart failure. PTH1: a
PTH analogue in bone formation and hypercalcaemia.

There are different mechanism in functional selectivity: a.) G-prot/beta
arrestin/ERK b.) different G protein outputs.

Can distinct G protein signaling provide clinically relevant selectivity to biased
ligands?

RGS-insensitive G-proteins cause enhanced but receptor-dependent signaling.
(RGS KO or pharmacological inhibition. The same receptor might connect to
different Galpha subunits, one mediates the effect the other not. M2 receptors
use GaiZ for mediating bradycardia, whereas Adenosine receptors use other
pathway (probably Go). New data on alpha2 receptors, it will be possible to
separate sedative side effect from beneficial antiepileptic effect.

* Ligand binding can produce distinct receptor conformations and

different actions on distinct outputs (either different G proteins or G
protein vs non G protein mechanisms



multiple mechanisms are involved in regulation (effector kinases vs GRK
and arrestin)

targeting these regulatory mechanisms may provide novel methods to
improve drugs acting on GPCR systems (e.g. separation of therapeutic
and side effects, or enhancing beneficial effects)

Objectives. Article end of the year.



18.Collapse of Pharmaceutical Research - can NC-IUPHAR do anything at
all

Pharmaceutical industry spends 80 billion year for research. Patent cliff: Pfizer
will loose 20 billion in the next two years because of patent expiry, and the
whole business will loose more than 200 billion in the next 3 years. Almost 50 %
of drugs fail in clinical phases because of ineffectivity. The receptor-drug
interactions are complicated by a number of factors (see table). That might
contribute to this high attrition rate. What can we do? Our work might help to
understand and control these variables, thereby improving the efficacy of drug
research. We can also open for the third world to extend and focus research
dealing with their specific problems. SE: Next year the executive com meeting of
[UPHAR will be in Basel. This is a good opportunity to meet top pharma industry
leaders (Novartis, Roche) and discuss these questions.

19.Nuclear receptors - proposition chairman.

Specific proposal was discussed. NC-IUPHAR will write a letter (CM to transfer to
MS for VL).

20.Propositions for South Africa 2014

Channelopathies, receptor coupling, epigenetics, biased signaling, allostery, LGIC,
orphan receptors, transporters. BPS funding would be possible for the NC-
[UPHAR symposia. These will be finalised at the next meeting.

21.Newsletter to subcommittees - curators

Newsletter will be sent out next week. Announcement on the new portal? It
might be too early, since the site will be launched only in November. It should be
circulated only internally.

Name: Guide to Pharmacology

22.Next NC-IUPHAR meeting October. Paris, 2012

Allosterism,

biased agonism document,

NHR, (VGIC), LGIC and database
Transporters

Chemokine receptors

2014 South African meeting
Evolving pharmacology

Orphan GPCR list and publications

Pharm Rev publications



GRAC presentation

Steering committee

Translational clinical pharmacology group
Tyrosine kinase receptors

Epigenetics

23.Any Other Business

A protected site should be used for circulating documents.
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Commission on Symbols, Units, Nomenclature, Fundaai€onstants and Atomic Masses
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The membership of IUPAP C2 for the period 2008 +12@s confirmed at the 26th General
Assembly of IUPAP (Tsukuba, Japan, October 2088), i

Chair:
Vice-chair:
Secretary:

Members:

Associate Members:

IUPAC representative:

Peter Mohr (USA)
Christian Bordé (France)
Stephen Lea (UK)

Juha Aysto (Finland)
Jens Dilling (Canada)
Bodil Holst (Norway)
Alexander Ivanchik (Russia)
Koit Mauring (Estonia)
Zhiyi Wei (China)
Kazumoto Hosaka (Japan)
Andrew Wallard (BIPM)
Jorn Stenger (Germany)
Filippo Levi (Italy)
Amitava Sen Gupta (India)

Jeffrey Flowers (UK)
Savely Karshenboim (Russia)
Wolfgang Wdger (Germany)
Kumar Sharma (Canada)

Jeremy Frey (UK)

The commission’s membership will be renewed atltHeAP General Assembly in London in
October 2011. Six members will be standing dowwjrtaserved their maximum permitted
number of three-year terms, including Peter Molim;istian Bordé, and Andrew Wallard. It is
currently anticipated that Stephen Lea will becarhair for 2011 — 2014. Michael Kuehne,
Director of the BIPM, has been invited to replacelfew Wallard.

Part of the mandate of IUPAP CRtfp://www.iupap.org/commissions/c2/mandate.ftislto
promote the exchange of information and views amttregg members of the international
scientific community in the general field of Fundamtal Constants including:

(a) physical measurements

(b) pure and applied metrology

(c) nomenclature and symbols for physical quantitiebuamits;

(d) encouragement of work contributing towards improwedommended values of
atomic masses and fundamental physical constadtfaatititation of their adoption.



In the light of this, IUPAP reports the followingtavities of C2 to ICTNS
(see also the report from C2 to the IUPAP Genessdefbly, October 2008, available at
http://www.iupap.org/commissions/c2/reports/ga-a8.p

Supported ConferencesTwo conferences were supported by Commission @D 10:

1. International Workshop on Physics of Simple Ato8istems (PSAS 2010), Les
Houches, France, 31 May — 4 June, 2010;

2. Conference on Precision Electromagnetic Measure(@PEM 2010), Daejon, Korea,
14 — 19 June, 2010.

The CPEM series is the principal conference foa@Q it is anticipated that support will be
given to CPEM 2012 in Washington DC.

Young Scientist Award: One IUPAP Young Scientist award has been made hyoCRII
Rosenband of the Time and Frequency Division oNagonal Institute of Standards and
Technology (NIST), Boulder, CO. The prize was awdrtFFor development and
demonstration of a new type of atomic clock andudiency standard based on the principles
of quantum information processing” and was preskimeabsentia at CPEM 2010.

Representation: Members or Associates of Commission C2 are appbioyd UPAP as
representatives to other organizations. The org#ioizs, corresponding appointments, and
activities are:

1. IUPAC Commission of Isotope Abundances and Atomaghs (CIAWW). C2
Associate Member Kumar Sharma submitted a rep@bsgentia to the meeting
held in Vienna, Austria, 28 — 29 July 2009.

2. Joint Committee on the Guides to Metrology (JCGEB.has been represented by
Associate Member Wolfgang Wdger who has now retirégl PTB colleague
Clemens Elster will be proposed as a new Assobdiai®ber to fill this role.

3. IUPAC Interdivisional Committee on Terminology, ienclature and Symbols
(ICTNS). C2 Secretary Stephen Lea attended itsingeat the IUPAC General
Assembly in Glasgow, UK, 2 — 3 August 20009.

4. Consultative Committee for Units (CCU) of the Imational Bureau of Weights and
Measures (BIPM). C2 Chair Peter Mohr and C2 Assedember Jeff Flowers
attended the meeting at the BIPM, 14 — 16 Septe2MED.

5. 1ISO TC-12/IEC TC-25 (Joint Technical Committee ame@tities and Units of the
International Standards Organisation and the latevnal Electrotechnical
Commission). C2 Associate Member Savely Karshenlepresents IUPAP.

6. Joint IUPAC/IUPAP Working Party on priority of ctas to the discovery of elements
with atomic number greater than 111. The IUPAPeas@ntatives are Bob Barber,
former chair of C2, and Erich Vogt, former chair@f2 — Nuclear Physics. The



Working Party prepared a Technical Report on tkealiery of 112, published as
Barberet al., Pure Appl. Chem. 81 (2009) 1331.

Other organization representatives: Representatives appointed by other organizatiosns a
invited to meetings of C2. Jeremy Frey, Universitysouthampton, UK is the IUPAC
representative to SUNAMCO.

Meetings: The Commission held a meeting on 17 June 2010 gltinen CPEM in Korea.
Unfortunately considerably fewer Commission membleas usual were able to attend the
conference so the meeting was rather thin. A mge&titommission members was held at the
BIPM in Paris on 16 September 2010 at which issaised at the previous meeting at the
CPEM in Korea on 17 June 2010 were revisited, somdg the chair had been present at both
meetings. Several members also met informallye@Rabyal Society Discussion Meeting on
the Sl on 24/25 January 2011.

Red Book

A group has been formed to update the SUNAMCO ReokEIUPAP-25 “Symbols, Units,
Nomenclature and Fundamental Constants in Physind”)ittle progress has been made to
date. One cause of slow progress has been thelyegleal progress on the part of the UK
Institute of Physics (which now hosts the IUPAP r8t&riat) in re-establishing the
commission website as a hosted site liked frormtaan IUPAP website.

Stephen N. Lea MA. D.Phil

Secretary, IUPAP C2 — SUNMACO
National Physical Laboratory
Teddington, Middlesex TW11 OLW, UK
Tel: +44 20 8943 6102
stephen.lea@npl.co.uk




The numerical value of and symbol for the unit year

Stephen Lea
Member, ICTNS
26 July 2011

This note presents a personal view.
It does not represent the official position of IUPAr the National Physical Laboratory.

Abstract

| review the various definitions of the unit yearrelation to the Sl second in use within the
physical sciences, along with the symbols in uséhfis unit. | propose that the Julian year be
accepted as the conventional definition, with naine year, symbol a: 1 a = 31 557 600 s.
Where it is necessary to distinguish between diffedefinitions of the year, | propose that
appropriate subscripts be used, asjalian Year, @goo) tropical year 1900.

Further, | suggest that primary reference datd) ssmuclear decay lifetimes, should be
presented in units of the Sl base unit of time séeond. For convenience, values in the non-
Sl units minute, hour, day, and year could be pregskas supplementary data.

Introduction: theyear, theday, and the Sl second

The Sl Brochure [1] lists a number of non-SI utlitst have been accepted by the CIPM for
use with the Sl because of their importance inyslagy life. These include the minute, hour,
and day, all defined as integer multiples of thé&de unit of time, the second, but not the
year. From both astronomical and civil perspectitiesre are numerous possible definitions
of the year as a unit of time. Of these, the madt-known and widely used are the Julian
year, corresponding to the mean length of a yettradulian calendar, the Gregorian year,
corresponding to the mean length of a year in treg@ian calendar, and the tropical or solar
year. The definition of the tropical year has eealyoriginally it denoted the time between
successive vernal (spring) equinoxes. It is novingelf as the time needed for the Sun’s mean
longitude to increase by 360° and is referred pardicular epoch or moment in time [2]. The
tropical year between successive vernal equinoassistorically been of greatest importance
in western culture, owing to the dependence ofitite of Easter on the vernal equinox. Thus
the object of the reform of the calendar promulddig Pope Gregory Xlll in 1582 (the
Gregorian calendar) was twofold: to restore the déthe vernal equinox to on or near 21
March and to ensure that henceforward the meandale/ear was a closer approximation to
the tropical year than in the Julian calendar, Wiiad been used for ecclesiastical purposes
since at least the fourth century [3].

The length of the year is commonly expressed irsdalge definition of the second as
1/86400 of a day originated in the middle ageswaas carried through to the metric system;
the second is the only pre-metric unit in the SilyQvith advances in astronomical
timekeeping in the mid-nineteenth century did itdrae apparent that the rate of the Earth’s
rotation on its axis is a variable quantity. Thieetually led to the recommendation by the
CIPM in 1956, and subsequent ratification by ththXAGPM in 1960, of a definition of the
second as a fraction of the tropical year 1900ThE present definition of the Sl second in
terms of the ground state hyperfine frequency efdhesium atom was adopted by the 13th
CGPM in 1967 [5], breaking the primacy of astroncahiobservation in timekeeping which



had endured since the dawn of human culture. Baidd to the insertion of leap seconds in
the timescale UTC used for civil purposes to keegyrichronised with the Earth’s rotation.
Since the frequency of insertion of leap secondscsnstant and unpredictable but no more
than once per year to date, in expressing thehesighe various calendar years in S| seconds
it is conventional to take 1 d = 86 400 s in acao® with the SI Brochure [1]. Table 1 gives
the length of the year according to several defing in days and Sl seconds.

Year symbol year/d year/s

Julian a 365.25 31 557 600
Gregorian g 365.2425 31 556 952
Tropical year 1900 1@900) 31 556 925.9747
IUPAP-IUGS recommendation @oo) 31 556 925.445

Table 1. The year in Sl seconds, according to dimitions under discussion.
For the Julian and Gregorian years, the conveifsoin days to seconds takes
1 d =86 400 s. The value for the tropical yearQl@obtained by inverting
the pre-1967 definition of the S| second, assurttegequivalence of the pre
and post-1967 definitions [4, 5]. The symbols ateped from those
recommended in the Unified Code for Units of Meadu®3].

Theyear in scientific use: the lUPAC-1UGS Recommendation

In several scientific disciplines dealing with eteenver long timescales, such as cosmology,
astrophysics, geophysics, palaeontology, and nuplegsics, it is conventional to express
time intervals in units of years, albeit often imltiples of millions or billions. In most of
these disciplines, time intervals or ages relaivéhe present are not known to any great
degree of accuracy and the choice of definitiothefunit year is not important. The choice of
year definition only becomes significant for mea&saents with relative uncertainty
approaching 2 x 1, the fractional difference between the lengthheftropical year at the
current epoch and the Julian year. This level ofieacy can be reached in measurements of
radioactive decay constants of long-lived nucleéihwonsequent ambiguity when this data is
presented in units of years. Furthermore, withexgboscience community a distinction is
commonly drawn between duration and age. The leoigiime a process takes is expressed
in units of years, symbol yr, whereas the time laictv an event took place relative to the
present epoch is also expressed in units of ygaesg ago), but symbol a [6]. Duration and
absolute time are quantities of the same type Jtimthe International System of Quantities
(ISQ); a distinction in units that gives speciatss to a particular absolute time, in particular
the ill-defined present, is incoherent.

The International Union of Pure and Applied ChemigftUPAC) Analytical Chemistry and
Inorganic Chemistry Divisions and the Internatiodaion of Geological Sciences (IUGS)
have formed a Joint IUPAC-IUGS Task Group on IsetBate in Geosciences [7].
Recognising both the difficulties discussed abdivis, Task Group has produced a definition
and convention on the use of the year as a detimgaf time which has been published as an
IUPAC Recommendation [8]. This recommendation aefithe year, with the unit name
annus, symbol a, such that 1 a = 31 556 925.44bis.definition is stated to apply to the
epoch 2000.0. Further, the Recommendation callh®oabandonment of the use of distinct
units for time differences and absolute time.



The definition of the year promulgated in this R@oeendation is open to objection on two
counts: the choice of numerical value adopted hadise of the unit name annus and symbol
a for this specific definition.

Thetropical year asa function of epoch

The lengthe, of the tropical year for a given epoch J 2000Dcan be calculated according
to the VSOP 87 model [2]

(a(T)/s) = 31 556 925.183 — 5.315 500T3k&)
—0.005 261 76T(kg)* + 0.022 917 6T/kg)* equ (1)

whereT is measured in units of Julian millennia, J k&65 250 d. The epoch J 2000.0
corresponds to MJD 51 544.5.5 or 12 h TT on 1 J3m2@00 (Gregorian calendar) and is
currently the standard epoch for the Internati®@elestial Reference Frame (ICRF) in
astronomy [9].

The apparent object in the IUPAC-IUGS Task Growpisice of numerical value is to obtain
a definition of the year which corresponds to #rggth of the tropical year in Sl seconds at
the present day, i.e. at the epoch J 2000.0. Thie wé 31 556 925.445 s is obtained by
inverting the CIPM’s 1954 definition of the S| sedoas 1/31 556 925.9747 of the duration of
the tropical year 1900.0 (the epoch J 1900.0, MID19.5 or 12 h ET on 31 December
1899), on the assumption of equivalence of theaprepost-1967 definitions of the SI second,
and making a correction for the decrease in thgtkeaf the tropical year of 0.530 s over the
Julian century J 1900.0 — J 2000.0.

It is unclear what advantage is obtained in thesgemces from a definition closely related to
the present-day tropical year. The VSOP formulal&l over only a few thousand years
either side of the present. Over geological timesca unit year defined as the tropical year
at the epoch J 2000.0 bears as little relatioheécannual seasonal cycle as any other fixed-
length unit year.

Theunit nameyear or annusand symbol a

The choice of definition taking the unit name anand appropriating the symbol a is
unlikely to find favour with the physics communggnerally. In particular, it is at variance
with the existing conventions of the Internatiobaion of Pure and Applied Physics
(IUPAP), the International Astronomical Union (IALJnd indeed IUPAC:

1. The IAU recommends the Julian century of 36 525%des/the unit of time in the
fundamental formulae for the precession of the maxes and also recommends that
“the epochs for the beginning of the year shafiedifrom the standard epoch by
multiples of the Julian year of 365.25 days” [9].

2. The IAU style manual [10] uses the symbol a to detioe Julian year which it
recommends in rather luke-warm fashion: “Althoulgére are several different kinds
of year (as there are several kinds of day), lieist to regard a year as a Julian year of
365.25 days (31.5576 Ms) unless otherwise specified



3. The IUPAP Red Book [11], states: “The general syhidaothe time unit yearagnnéé
is a.” — note that the English unit name here & yather than annus.

4. The IUPAC Green Book [12], gives the unit year, b, approximately equal to
31 556 952 s, i.e. the mean Gregorian year. A faetprovides a judicious discussion
the various definitions of the year, starting “Tyear is not commensurable with the
day and not a constant” and concluding “For conearsne may use in general
approximately 1 & 3.1557 x 10s. If more accurate statements are needed, the
precise definition of the year used should be dtate

5. The International Organisation for Standardisa{i®®) standard ISO 80000-3:2007
[13] gives the unit year, symbol a, equal to 36% 866 d.

6. The Unified Code for Units of Measure (UCUM) [1#fhich is an attempt to codify
unit symbols in an unambiguous fashion for machewseable applications,
recommends the use of subscripts to indicate wihédimition of the year is intended,
thus: tropical year,;amean Julian year;;anean Gregorian yearg. & he UCUM also
recommends that if the symbol a should be takee@esenting the mean Julian year,
l.e. a = @ if the choice of year definition is otherwise pasified.

Proposals
1. Numerical value

There is a weak consensus in favour of the meaanJyéar as the normative meaning of
“year” as a unit of time in a scientific context.ajor advantage of the mean Julian year, in
contrast to any tropical year definition or evee thean Gregorian year, is that it is
straightforward to calculate its value in Sl secnd a= 365.25 d = 31 557 600 s.

2. Unit name

The English name year is to be preferred over #talannus. A Latin name may be found
obscure by many in the scientific community. Erfgiis established as the language of
scientific communication. The recommended namegh®other non-Sl time units accepted
for use with the Sl are English: minute, hour, day.

3. Unit symbol

Notwithstanding preference for the unit name yt#a recommended symbol should be a
rather than yr. The symbol a already has somemeyr&Vhere it is necessary to distinguish
between different year definitions or to use ardgén other than the mean Julian year,
subscripts should be used as recommended by theMJ@sJin table 1.

4, Reference data
To avoid ambiguity, primary reference data, suchwdear decay lifetimes, should be

presented in units of the SI base unit of time séeond. For convenience, values in the non-
Sl units minute, hour, day, and year could be pregskas supplementary data.
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