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Revision of the SI in 2019

Motivation/background

https://doi.org/10.1088/1681‐7575/ab0013
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Determination of NA
with urel(NA) < 2×10-8

→  x‐ray crystal density method (XRCD) 

The “Avogadro Project”

https://doi.org/10.1088/1681‐7575/aa7820
https://doi.org/10.1002/andp.201800292
https://doi.org/10.1103/PhysRevLett.33.463
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XRCD (I)

https://doi.org/ 10.1088/0026‐1394/53/5/A19
https://doi.org/10.1088/1681‐7575/aa7820
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Determination of the molar mass of silicon

 three isotopes: 28Si, 29Si, 30Si

 amount fractions x ↔isotope ratios R

XRCD (II)
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Virtual Element IDMS (I)

Metrologia 47 (2010) 460‐463

https://doi.org/10.1088/0026‐1394/47/4/012
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Virtual Element IDMS (I)

Metrologia 47 (2010) 460‐463
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Virtual Element IDMS (II)

https://doi.org/10.1088/0026‐1394/52/6/800
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Virtual Element IDMS (III)

https://doi.org/10.1088/1681‐7575/abbdbf
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XRCD results used for the 2019 revision of the SI

Revision of mol and kg

Avogadro constant

https://doi.org/10.1088/1681‐7575/aa950a

NA / (1023 × mol-1) urel(NA) / 10-8

IAC-11 6.022 140 95(18) 3.0
IAC-15 6.022 140 70(12) 2.0
IAC-17 6.022 140 526(70) 1.2
NMIJ-17 6.022 140 78(15) 2.4

h = 6.626 070 15 × 10-34 J s
NA = 6.022 140 76 × 1023 mol-1
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Results in elemental and isotope analysis

Input quantities

Quantities related to counting

Quantity Symbol Unit
mass fraction w kg/kg
isotope ratio R mol/mol
amount fraction x mol/mol
molar mass M kg/mol

Quantity Symbol Unit
mass m kg
intensity ratio r V/V, s-1/s-1
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Summary/conclusion

 XRCD as a „counting“ example contributed
substantially to the revision of the mole and kg in 2019

 Number of Si atoms in the sphere is equal to the ratio
of the volume of the sphere and of a single atom

 Elemental analysis and isotope ratio determination
do not require special quantities or units
related to counting


