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Sl traceable standard gas mixtures for isotope ratio measurements

I Necessity of absolute isotope ratio measurements

* 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 NMiIs to develop absolute isotope ratio
measurement values for such Reference Materials

— active engagement with the IUPAC community




Sl traceable standard gas mixtures for isotope ratio measurements

I Absolute isotope ratio measurements in KRISS

* Atmospheric Ar
— Redetermination of isotopic abundance of atmospheric Ar

— Contribution to acoustic determination of kg

e Atmospheric N,
— Redetermination of atomic weight of atmospheric N,

* Pure Ne
— Measurements of isotopic compositions of 3 pure Ne

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



Absolute isotope ratio measurement - Ar

l Isotopic abundance and molar mass of Ar
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Abstract

Atmospheric argon measured on a dy ly operated mass with an ion source magnet. indicated systematically larg-

er “’Ar/*Ar ratios compared to the generally accepted value of Nier [Nier A.O.. 1950. A of the relative abund: of
the isotopes of carbon, nitrogen, oxygen, argon, and potassium. Phys. Rev. 77, 789-793] 295.5 + 0.5, which has scrved as the standard
for all isotopic in vand y prepared mixtures of highly enriched *Arand *Ar
were utilized to red: the isotopic Ar, using a dy ly operated isotope ratio mass spectrometer
with minor modifications and special gas handling techniques to avoid fractionation. A new ratio “’Ar/**Ar = 298.56 + 031 was
obtained with a precision of 0.1%, approximately 1% higher than the previously accepted value. Combined with the *Ar/*Ar
(0. Ixsﬁ +0.0003) measured with a VGS5400 noble gas mass spectrometer in static operation, the percent abundances of **Ar, “Ar,
and “’Ar were determined (0 be 0.3336 £0.0004, 0.0629 = 0.0001, and 99.6035 + 0.0004, respectively. We caleulate an atomic mass
of Ar of 39.9478 + 0.0002. Accurate Ar isotopic are relevant in as the caliby of the mass spec-
trometer discrimination.
© 2006 Elsevier Inc. All rights reserved.
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Abstract
We determined accurate values of ratios among the average molar masses My, of 9 argon
samples using two letel! d (1) mass and (2)
measured ratios of acoustic The two techi ywldcd mutually
consistent ratios (RMS deviation of 0.16 = 107° M, from the expected correlation) for the
9 samples of highly-purified. commercially-purchased argon with values of My, spanning

arangeof 2 x 107 M\, Among the 9 argon samples, two were traceable to recent,
accurate, argon-b: of the constant ky using primary acoustic
gas tAGTl A we our absolute values of M, traceable
10 two,  one standard was prepared

gravimetrically at KRISS in 2006; the other standard was isotopically-enriched ©Ar that

was used during NIST’s 1988 measurement of kg and was sent to NIM for this research.

The absolute values of M, determined using the KRISS standard have the relative standard
uncertainty 4(M,,) = 0.70 x 10" * (Uncenainties here are one standard uncertainty. )

they agree with values of M, determined at NIM using an AGT within the uncertainty

of the comparison u{Mx,) = 0.93 x 10-%. If our measurements of M, are accepted, the
difference between two, recent, argon-based, AGT of ky decreases from

(2.77 % 1.43) x 10 ° kg 10 (0.16 = 1.28) x 10* ky. This decrease enables the calculation of
a meaningful, weighted average value of kg with a uncertainty u,(kg) = 0.6 x 10°%.
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Absolute isotope ratio measurement - Ar

I Isotopic abundance of atmospheric Ar

Isotope ratio of atmospheric Ar

Isotope ratio A. O. Nier (1950) Lee et al (2006)
40Ar/36Ar 2955+ 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

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

:—m
Mettler Toledo AX1005 ﬁﬁ

_ Mettler Toledo XP10003S
- 1.1 kg capacity

[ -10.1 kg capacity
- 0.01 mg resolution - 1 mg resolution
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sensitivity (V/mbar)

Absolute isotope ratio measurement - Ar
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I Isotopic abundance of atmospheric Ar
Mass spectrometer in KRISS

L e

Pressure of certain gas
in the sample

o

=

* 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

lon current
(Number of ion per second)
(Output voltage)

* Sensitivity slowly changes over time

* Sensitivity of isotopes are not the same

> We need reference gas

o

40

60 80
mass number

100 120 140

KRIS Szazeazeza




Absolute isotope ratio measurement - Ar

6
10%(kg / kg ,copaTa-2014 - 1)

I Acoustic determination of k; and molar mass of Ar

kg

_ COZM
TyoNa

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

using KRISS value | The u(k)’s in argon-based measurements,

% except for NIST-88, are based on
\ uncertainty assigned at KRISS, u (M) =
} ) 0.7 x 106

Note: u, (Kcopata.2014) = 0-57 % 10

NIST-88

NPL-10
LNE-11

NPL-13 Orig

NPL-13 Adj
NIM-NIST-13 | |




Absolute isotope ratio measurement — N,

I Atomic weight of atmospheric N,

& Atomic weight of the elements [JUPAC report]

AW(E) =Y [ x('E) x AM('E) ] [

Naturally occurring nitrogen, Atomic weight
14.0066

AW(E) : Atomic weight of element, E (g mol?)
X(E) : Isotopic abundance of element, E (/=atomic number)
AM(E) : Atomic masses of isotopes of element, E (amu)

14.0064 14.0068 14.0070 14.0072 . . R .
rr T T T ot T * v v 1 ¥ T
[IUPAC, 2013] 0.0034 0.0036 I?ble For;;::tiaon 1E‘Noo.:w.n 0.0042 % Atomic welght of nltrogen ok
oot oo | oo owmw __oowz  gtmosphere [IUPAC, 2003; 2013]

2009 STANDARD ATOMIC WEIGHT - 5

PREVIOUS STANDARD ATOMIC WEIGHT : |SOtOpES Atomic masses (amu)
"Airanrsols and prociaion — 14N 14.003 074 0074 + 0.000 000 0018
Ground water and ice :

A ot - 15N 15.000 108 973 = 0.000 000 012
Synthetic reagents and fertilizers ——

o, i Isotopic abundances

Synthetic reagents —:-
NITROGEN OXIDE GASES ! 14N 0.996 337 + 0.000 004

,0 in air (troposphere| p—

E%g i gt J 15N 0.003 663 + 0.000 004

NO: II:|(:a|'rl|rl'|ltri¢: acid plant - —E-
L. Air (3¥(14.006 726 + 0.000(004) (4N = UNPN s ]

olcanic gases and hot spr| 14 15 14 15
sedmontanyasns | Homogenous, easy to use N/"N+1, N/EN+1
Commercial tank gas

ORGANIC NITROGEN

= Primary reference material
Plants and animals ———

Marine particulate organic matter

From 14N/15N of 272.0 + 0.3 (k=1)

reported by Junk & Svec in 1958.

KRIS Stzzeangza



Atomic weight of atmospheric N,

| Mass discrimination factor
® Mass discrimination factor, #,p

® Conversion of isotopic signal ratio to true isotope ratio in mass spectrometry

®» Mass dependent property from various origins [Wood et a/, 1978; De Laeter, 2001]
: Inlet system, ionization source, ion beam filter, detector, and so on

® Calculation of #4p using isotope reference mixture

R(i/j)ret R(7)). : Real isotope ratio of reference mixture
Jvp =| =5~ —1|+Amx100 [r(l]])ref : Isotope signal ratio of reference mixture
Pl dret Am : Mass difference between two isotopes, 7and j(/>))

» Am : Reflection of mass dependent property of £y

Gravimetic T
praperation .
Measurement —)@

% Calculation of true isotope ratio of sample

Measurement

iy JvD iy RO e i io of |
R — Am +1xr (#))res : Real isotope ratio of sample
(7 )sample |: 100 m 1< r(il7)sample [r(/7 Mt : Isotope signal ratio of sample

KRIS Szazeazeza



Atomic weight of atmospheric N,

I N, isotope reference mixtures

% Preparation of artificial isotope reference mixtures
® Gravimetry : Primary method for preparation of gas mixtures [ISO-6142, 2001]
» Calibration of #yp for absolute isotope ratio measurement

izmz 8-8262_) | 2N, = 5325  mol
30 2 Y. 30N, = 0.135 mol
N, 0N, 0.981 R1(N.) ’

source 30N,/28N, =0.025

and impurities

30N,>98 atom% |

(ISOTEC, USA) 28N, = 8.951  mol

30N, = 0.066 mol

28N, 0.992 30N,/28N, =0.007
29N, 0.007 = 29N, /28N, of air
28 2 2 2
N, 30N 0.000 123.995 g

| source %N, = 8.815  mol

3N, = 0.032  mol
30N,/?8N, =0.003

and impurities

N,>99.9999 %
(Deokyang Co. Ltd., Korea)

KRIS Srazeazera 10



Atomic weight of atmospheric N,

I Preparation of air samples

% Collection of dry air samples .
» Different locations, free of local pollution -~ =

sources (WMO GAW network) T uw,- & s s
> Niwot Ridge (USA), 2001 (by NOAA) -~ ‘j;:z..-.. T £

o

> Jeju Island (Korea), 2007 & 2014 \ N = a

> Anmyeon Island (Korea), 2011 -~ : L

% Elimination of interfering gas species in air samples
® Interference components on nitrogen isotope ratio (/m/z 28, 29, and 30)
» 0, : 2" abundant constituent of air, produce of CO and NO at EI source
» CO, : Constituent of air, which produce CO by fragmentation at EI source

» Hydrocarbons : Contaminant by local sources or oil pumps of mass
spectrometer

11



Atomic weight of atmospheric N,

I Purification of air samples

lonization
chamber

0,, CO, and HCs at 600 °C
[Huang & Tsai, 2003; Zhu et al,

2006; Wan et a/, 2012]

c°pper SO|enOid i
valves .5

Turbo-
molecular

Diaphragm = No interference on
A valves . . .
nitrogen Isotope ratio
@ I Pressure  Samples measurement of
pump L-N, Glass- 9249¢ air samples
beads

Adsorption of CO,

12




Atomic weight of atmospheric N,

I Isotope ratio of atmospheric N,

E?O
& f,p of nitrogen X To o . NN
» Weighted average of /4y values from 2
T
nitrogen isotope reference mixtures : ; q ﬂ
o
2 fmi g )t O
- 0 0 — mii\ﬂ et
0.3 % +0.0 % (k=1), 5 S O

Niwot Anmyeon Jeju

Ridge Island Island
E Isotope ratio of nltrogen gas in atmosphere
[29N »/*€N, = 0.007 + 0.000
Jeju 30N, /28N, = 0.000 + 0.000

Island

— [29N2/28N2 = 0.007 + 0.000
W N,/28N, = 0.000  + 0.000
® Weighted average of three air samples
> 2N,/%N, = 0.007 + 0.000 > 30N,/28N, = 0.000 + 0.000

B Atomic weight of atmospheric nitrogen
MN/ISN = 276. + 0. # 272.0 £ 0.3 (IUPAC value)

= 14.006 g mol! + 0.000 g mol! ( ng than IUPAC value,
14.006 726 + 0.000 004)

KRIS S 3zsnapsa
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Absolute isotope ratio measurement - Ne

I Isotopic composition of pure Ne

Tnt J Thermophys (2015) 36:2072-2084 @ CrossMark
DOI 10.1007/510765-015-1883-6

Triple-Point Temperature and the Isotopic Composition
of Three Commercial Neon Gases

L Yang' . K.S. Gam! . W. Joung! . Y.-G. Kim!

Received: 10 October 2013 / Accepted: 8 April 2015 / Published online: 30 April 2015
© Springer Science+Business Media New York 2015

Abstract The triple-point temperature of neon, Tip—Ne. is known to have dependence
on the isotopic composition. Recently, the Technical Annex for the International Tem-
perature Scale of 1990 was updated to specify the method of correction for the isotopic
reference ratio of neon. In this study, to confirm this correction in the Technical Annex
independently. the effects of the isotopic composition of neon on Ty, e for three
commercial neon gas sources were studied. For the measurement of the isotopic
composition, a gas mass spectrometer was used to compare the sample gases with
areference neon gas whose isotopic composition was known with high precision by a
gravimetric method. For the measurement of Typ_Ne, an open-cell type cryostat for the
realization of low-temperature fixed points was used. The physical cell and the ther-
mal environment around it remained very similar for all Ty,—Ne measurements with the
neon gases due to the nature of the open-cell type system. Therefore, the difference in
Tip—Ne among different samples could be measured with a relatively low uncertainty,
canceling many systematic effects that are common to all measurements. Our result
was consistent with the correction in the Technical Annex. Furthermore, because one
of the commercial neon gases was the bottle that was used for KRISS measurements in
the international comparison CCT-K2, it is now possible to correct the measurement
for the reference isotopic ratio and compare it with other measurements for which
isotopic composition data are available.

KRIS Szazeazeza




Absolute isotope ratio measurement - Ne
I 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 %

AT = 0.4 mK (large difference
in thermometry!)

-0.2

-0.3

0.0915 0.0935 0.0955
22 x

KRIS S 3zsnapsa



Absolute isotope ratio measurement - Ne

I 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

21 22

Gas manufacturer Nominal chemical X X Atomic weight
purity

Linde industrial gases 99.999 % 0.002 657(11) 0.092 16(11) 20.1793(2)

Messer 99.999 % 0.002 675(11) 0.093 98(11) 20.1830(2)

Matheson gas products 99.994 % 0.002 656(11) 0.092 30(11) 20.1796(2)

IUPAC standard value - 0.0027 0.0925 20.1797

* CCT can determine the T,,(Ne TP) using following correction equation;
T eas = Too(Ne TP) + ko + k(22 + 21x /2) + k,(*2x + 21x /2)?

with determined coefficient k,, k;, and k, from measured isotope
compositions of Ne samples

KRIS Srazeazera 16



Absolute isotope ratio measurement - Ne

I 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

Electric signal (uV)

T T T T T T T T T ™] 201840

20.1830

20.1820

20.1810

Atomic weight (g mol")

20.1780

4.5 5.0 5.5

Retention time (min)

® Standard gas

10 15 20 5 30 35 40 45

Area (pV sec)

17



Absolute isotope ratio measurement - Ne

I Isotope abundances of pure Ne samples: Mass spectrometry

» Verification of isotope ratios by mass spectrometer

R(2Ne/2’Ne)

AN

AN
\

Atomic weight (g mol™)

T

il

@ Linde

@ Messer
@ Matheson
H #
w2

W =

[ Carrier gas

R(*'Ne/°Ne) Peak area

KRIS S 3zsnapsa
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Absolute isotope ratio measurement - Ne

I Isotope abundances of pure Ne samples: Mass spectrometry

Atomic weight

Atomic weight

Atomic weight

Gas Manufacturer Area from literature from GC-TCD from MS

(g mol) @ (g mol?) (g mol?)
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 ] Thermophys (2015) 36:2072-2084.

KRIS Stzzeangza
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Sl traceable standard gas mixtures for isotope ratio measurements

| What are needed to measure absolute isotope ratio

* Purity analysis
— Isotope-enriched source gases and isotopic reference materials

Isotopic equilibrium (in case of CO,)

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

KRIS Sazsases "
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Next 5 years plans for absolute isotope ratio in KRISS (Gas group)

I Next plans for measuring absolute isotope ratio in KRISS

* 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 CO, mixtures
— CO, from phosphoric acid reaction with VPDB

KRIS Srazeazera 2



Sl traceable standard gas mixtures for isotope ratio measurements

I Summary

* In KRISS, we have investigated the absolute isotope ratio
measurements for atmospheric Ar and N,, and commercial Ne
— New value of isotopic abundance of atmospheric Ar

— Gravimetrically prepared Ar reference gas mixtures have contributed to
determine the Boltzmann constant (kg)

— New value of atomic weight and isotopic abundance of atmospheric N, 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 CO, during next 5 years
— Gravimetrically preparation of Sl traceable isotope reference gas mixtures

— Determination of isotopic abundance of international reference materials to
make a linkage with the SI

KRIS S2azzazes
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Thank you for your attention!
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