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Mole, the SI Unit of Amount of Substance, and Its Re-Definition by
Fixing the Numerical Value of the Avogadro Constant
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The mole, symbol mol, is the International System of Units (Sl) unit of the amount of substance which is the quantity
referring to a measure of the number of specified elementary entities, such as chemical elements or compounds in a
sample. In the current Si, the mole is defined by specifying the mass of carbon-12. But this base unit is not an invariant of
nature because the mass is defined by the material artefact. According to efforts to define the base units in Sl using true
invariants of nature, the mole will be redefined by fixing the numerical value of a fundamental constant, the Avogadro
constant. In the new SI, the definition of the mole can be realized through the experiments that lead to the determination of
the Avogadro constant. The best experimental value of the Avogadro constant has been obtained by the X-ray crystal
density experiment using silicon-28 highly enriched silicon sphere in the frame work of the International Avogadro
Coordination. In this paper, the current definition of the mole and practical aspects of this unit are introduced, then the
principle and technical challenges in X-ray crystal density experiment for redefinition of the mole are discussed.
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IAC = International avogadro coordination
XRCD = X-Ray crystal density
JRC-IRMM = Joint research center - institute for reference

NOMENCLATURE

SI = International system of units
materials and measurement

PTB = Physikalisch-Technische bundesanstalt (Germany)
INRIM = Istituto nazionale di ricerca metrologica (Italy)

Na = Avogadro constant, unit: mol!
n(X) = The amount of substance of a specific entity X, unit: mol
M(X) = Molar mass of X, unit: kg/mol

IPK = International prototype of the kilogram

CIPM = International committee for weights and measures
BIPM = International bureau of weights and measures
NMI = National metrology institute

CGPM = General conference on weights and measures

NIST = National institute of standards and technology (USA)
NMIA = National measurement institute australian
government (Australia)

NMIJ/ = National metrology institute of japan (Japan)

NPL = National physical laboratory (UK)
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(a)

Fig. 1 (a) Photo of a highly pure silicon sphere, (b) The crystalline
structure of single-crystal silicon unit cell with lattice
constant, a*
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Fig. 2 The float-zone single crystals of highly **Si enriched silicon.
These photographs are courtesy of the Leibniz institute for
crystal growth (IKZ)°
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Fig. 7 Typical topography of the oxide layer thickness of the 28Si-
enriched silicon sphere, AVO-28-S5c, obtained by the
ellipsometer at NMIJ and shown in the mollweide projection’

reference surfaces
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Fig. 8 Schematic diagram of diameter measurement of sphere using
spherical interferometer according to PTB measurement. The
diameter was obtained by 2D,,-d\-d> where d|, d>, and D)
were alternatively measured by rotating the sphere’
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