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• Delta value isotope ratio measurements

– cannot presently be made traceable to the SI

– should be made traceable to materials recognized as international standards

• These materials are not listed in the Appendix C of the BIPM database

– since at present, the values assigned to these reference materials are based 
on consensus values

• The CIPM encourages
– the continuation of programmes within the NMIs to develop absolute isotope ratio 

measurement values for such Reference Materials 

– active engagement with the IUPAC community
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SI traceable standard gas mixtures for isotope ratio measurements

Necessity of absolute isotope ratio measurements



• Atmospheric Ar

– Redetermination of isotopic abundance of atmospheric Ar

: Lee et al, GCA, 70 (2006) 4507, adopted by IUPAC 2009

– Contribution to acoustic determination of kB

: Yang et al, Metrologia, 52 (2015) S394

• Atmospheric N2

– Redetermination of atomic weight of atmospheric N2

: Yang et al, under preparation to publish

• Pure Ne

– Measurements of isotopic compositions of 3 pure Ne

: Yang et al, Int. J. Thermophys., 36 (2015) 2072, contributed to ITS-90

– Measurements of atomic weights of 7 pure Ne by gas chromatograph

: Kim et al, under preparation to publish
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SI traceable standard gas mixtures for isotope ratio measurements

Absolute isotope ratio measurements in KRISS
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Absolute isotope ratio measurement - Ar

Isotopic abundance and molar mass of Ar
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Absolute isotope ratio measurement - Ar

Isotopic abundance of atmospheric Ar

Isotope ratio A. O. Nier (1950) Lee et al (2006)

40Ar/36Ar 295.5  0.5 298.56  0.31

38Ar/36Ar 0.1880  0.0003 0.1885  0.0003

Atomic Weight of Atmospheric Ar is 39.947795  0.000031 

Isotope ratio of atmospheric Ar

Lee et al, Geochim. Cosmochimica Acta, 70 (2006) 4507

Gravimetric method: preparation of Ar isotopic mixtures according to ISO 6142 (2001)
Automatic weighing system: electronic mass-comparators

Mettler Toledo AX1005
- 1.1 kg capacity
- 0.01 mg resolution

Mettler Toledo XP10003S 
- 10.1 kg capacity
- 1 mg resolution
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Absolute isotope ratio measurement - Ar

Isotopic abundance of atmospheric Ar

Mass spectrometer in KRISS

• Finnigan MAT 271 mass spectrometer
• Works for all mass/charge ratio 
• Good linearity (works for dynamic range 

of 5.5 decade)
• Moderate repeatability

“Partial pressure” machine
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• Sensitivity slowly changes over time
• Sensitivity of isotopes are not the same

 We need reference gas
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Absolute isotope ratio measurement - Ar

Acoustic determination of kB and molar mass of Ar

𝒌𝐁 =
𝒄𝟎

𝟐𝑴

𝑻𝜸𝟎𝑵𝐀

Measured k is proportional to M, molar mass 
of thermometric gas.
Thus, u(M) directly adds into u(kB)

The u(k)’s in argon-based measurements, 
except for NIST-88, are based on 
uncertainty assigned at KRISS, ur(M) = 
0.7 × 10-6

Note: ur (kCODATA-2014) = 0.57 × 10-6

using KRISS value

Yang et al, Metrologia, 52 (2015) S394



Absolute isotope ratio measurement – N2

Atomic weight of atmospheric N2

8



Atomic weight of atmospheric N2

Mass discrimination factor
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N2 isotope reference mixtures

Atomic weight of atmospheric N2
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Preparation of air samples

Atomic weight of atmospheric N2
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Purification of air samples

Atomic weight of atmospheric N2
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Isotope ratio of atmospheric N2

Atomic weight of atmospheric N2

13



14

Absolute isotope ratio measurement - Ne

Isotopic composition of pure Ne



Absolute isotope ratio measurement - Ne

Triple point of Ne for ITS-90 (CCT)

• Triple point of Ne: define fixed point in the International Temperature 
Scale in 1990 (ITS-90) at T = 24.5516 K

• Variety in “isotopic abundance of Ne”: 22x from 0.0925 % to 0.0945 %

ΔT = 0.4 mK (large difference 
in thermometry!)

Pavese et al, AIP Conf. Proc., (2013)
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Absolute isotope ratio measurement - Ne

Isotopic composition of pure Ne

• Certified isotope reference mixtures of Ne
– 3 different isotope ratios were prepared by gravimetric method

• Isotopic abundance of Ne samples

• CCT can determine the T90(Ne TP) using following correction equation;
Tmeas = T90(Ne TP) + k0 + k1(22x + 21x /2) + k2(22x + 21x /2)2

with determined coefficient k0, k1, and k2 from measured isotope 
compositions of Ne samples

Pavese et al, AIP Conf. Proc., (2013)
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Absolute isotope ratio measurement - Ne

Atomic weights of pure Ne samples: GC-TCD

• GC-TCD response is inversely proportional to square of atomic weight 
of sample

• Natural isotope abundance of Ne: 22x from 0.0925 % to 0.0945 %
→ we can see chromatogram with Ne sample and Ne carrier gases
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Absolute isotope ratio measurement - Ne

Isotope abundances of pure Ne samples: Mass spectrometry

• Verification of isotope ratios by mass spectrometer
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Absolute isotope ratio measurement - Ne

Isotope abundances of pure Ne samples: Mass spectrometry

Gas Manufacturer Area

Atomic weight 

from literature

(g mol-1) a)

Atomic weight 

from GC-TCD

(g mol-1)

Atomic weight 

from MS

(g mol-1)

Linde industrial gases 1.1 20.1793(4) 20.17

Messer 40. 20.1830(4) 20.18

Matheson gas products 4.3 20.1796(4) 20.17

Sample #1 -1.6 20.17 20.17

Sample #2 11. 20.18 20.18

Sample #3 41. 20.18 20.18

Carrier gas 20.17 20.17

IUPAC standard value 20.1797(6)

*The uncertainties with the coverage factor of k = 2 are shown in parentheses.

a) Values of the neon standards atomic weight are reported in Int J Thermophys (2015) 36:2072-2084.



• Purity analysis

– Isotope-enriched source gases and isotopic reference materials

• Isotopic equilibrium (in case of CO2)

• Gravimetrically prepared isotope gas mixtures

– At least 3 different isotopic ratios

– One should have very closed isotope ratio with reference material

• Air sampling system (noble gases: Ne, Kr, and Xe)

– No mass fractionation

– Separation techniques

• Instrument for measuring absolute isotope ratios

– Finnigan MAT 271 mass spectrometer

20

SI traceable standard gas mixtures for isotope ratio measurements

What are needed to measure absolute isotope ratio



• Atomic weight and Isotope abundances

– Noble gases: Ne, Kr and Xe

– Gravimetrically prepared isotope standard gas mixtures

– Atmospheric gases separated from air

• Absolute isotope ratio of carbon

– Isotopic equilibrium: source gases and final mixtures

– Gravimetrically prepared CO2 mixtures

– CO2 from phosphoric acid reaction with VPDB
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Next 5 years plans for absolute isotope ratio in KRISS (Gas group)

Next plans for measuring absolute isotope ratio in KRISS 



• In KRISS, we have investigated the absolute isotope ratio 
measurements for atmospheric Ar and N2, and commercial Ne

– New value of isotopic abundance of atmospheric Ar

– Gravimetrically prepared Ar reference gas mixtures have contributed to 
determine the Boltzmann constant (kB)

– New value of atomic weight and isotopic abundance of atmospheric N2 will 
be published

– Atomic weights of several Ne samples result from gas chromatograph will be 
published 

• Absolute isotope ratio measurements for Noble gases (Ne, Kr, and Xe) 
and carbon in CO2 during next 5 years

– Gravimetrically preparation of SI traceable isotope reference gas mixtures

– Determination of isotopic abundance of international reference materials to 
make a linkage with the SI
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SI traceable standard gas mixtures for isotope ratio measurements

Summary
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Thank you for your attention!


