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B=PIB CO, is an important greenhouse gas
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= PIB CO, is an important greenhouse gas
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Isotopes are the key to understand sinks and sources of CO,
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B PIB Isotopic composition of CO,

Isotopes - nuclides having the same atomic number but different mass numbers.

natural 12C (989%) 13C (11%) 14C radioactive
abundance:

160 (99.8%) 180 (0. 2%) 170 (0.04%)

delta-value (sub-%o variations):

(13C/12C)sample
(13C/12C) reference

813C = ~1

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

IAEA reference materials:
NBS 18 (exhausted) solids

IAEA 603 (replacement)
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PIB

Isotopic composition of CO,

Isotopes - nuclides having the same atomic

number but different mass numbers.

Isotopologues a molecular entity that

differs only in isotopic composition

» Same pathway in chemical reactions

> Slightly different physical properties

Isotopologue i

No | Symbol Mass (u)* | Rel. abundance n,/;n, (mol/mol) | Rel. contribution to mass (%)
1 12Cl%0, 44 9.842-10"" 100.000
2 BC%0, 45 1.100-10? 93.636
3 2C%0"™0 46 3.947-10°° 99.785
4 2C1%0"70 45 7.478-104 6.364
5 BCO™0 47 4413-10°° 96.710
6 BC*OY0 46 8.361-10°° 0.211
7 12C"*0, 48 3.957-10°° 99.578
8 2CY70"0 47 1.500-10°¢ 3.286
9 2CYQ, 46 1.421-10°7 0.004
10 | "C"™0, 49 4424-10°°% 100.000
11 | B*C70"™0 48 1.676-107% 0.422
12 | *CY0, 47 1.588-10°° 0.003

Table taken from Prokhorov, I., Kluge, T. & Janssen, C.

Optical clumped isotope thermometry of carbon dioxide.

Sci Rep 9, 4765 (2019).
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= PIB Absorption spectrum of CO, isotopologues

Rotational-vibrational line position / cm?

4.20 4.25 4.30 4.35 4.40 4.45
Wavelength / um

Figure adapted from Prokhorov, I., Kluge, T. & Janssen, C.

Optical clumped isotope thermometry of carbon dioxide.
Sci Rep 9, 4765 (2019).

4.50

2400 2375 2350 2325 2300 2275 2250 2225 2200
T 8t 180CO 8000
Q 3.95%0 A
3 2
|9 -
@ 6 6000
(o)
£ al 4000
§ 170co
N 2 L734ppm 2000
£
© ""il- ™
-~
rr 0.08F 18013CO I 80
o 44ppm
—
=~ L
P 0.06 60
ko) oco
g 004 11% 40
S
0 l7013c0
8 0.02+ || 8.2ppm 20

0.00 1 1 1 I ‘ Wi |I Al Hm““l“l" 0

{

0O
\ © /

ro-vibrational motion

Boltzmann constant
v
ko o T «temperature
B
1316 — -
X( C 02) = A lﬂ_opticalpath
length

S.p.
'{\
pressure

line strength of respective

absorption line area re
molecular transition

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin
2020-05-04

National Metrology Institute
SIRS@EGU2020



Bz PIB Main goals of SIRS

e ,Metrology for Stable Isotope Reference Standards"”
(2 M€, 3 years research project within EMPIR, HORIZON2020)
WP1: WP3:
» Static and dynamic pure CO, and air- » Advance spectroscopic CO,
CO, isotope reference materials isotope ratio measurements
» Remeasure isotope ratios in > Spectral line data measurements

international standards to provide
data for Sl traceability

3
2 ‘a
National Physical Laboratory ;I'au;lsc;\weig woh ;aer"n m

N R | M MIKES METROLOGY

3 RICERCK WETROLOGICA TUBITAK university of
groningen

Max-Planck-Institut Q DFM ‘ E m pa

fur Biogeochemie Danish National Metrology Institute

Materials Science and Technology
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EEP1B Optical isotope ratio measurements

Tunable Diode Laser Absorption Spectroscopy

Thermo Scientific Delta Ray

Thermo

4.3 pm = DFG laser

detector |
] I laser 1) as outle
mid-IR PPLN g

J

)

gas inlet

—)

> absorption inside the gas cell (CO, in air)
» p=100mbar, T=310K,L=54m portable optical

isotope ratio spectrometer
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EEP1B Optical isotope ratio measurements

— Signal
— Fit

— Fit resildual x100 X(13C1602) — A

7

12C16()2 |

:— 13 12 _ A(13cl602) S(lZc1602)
C/ C - A(12C160 ) 5(13(:160 )
2 2

1.8

S

Signal / V

AYY

u(S)>1% -  u(S)<0.1%

oL 1. . » More accurate line data is required (in progress
200 300 400 @ PTB)

Channel
» Towards “Optical Transfer Standard”
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Bz PIB Calibration based on reference gases

A (13C1602)
(13C/12C)sample — m sample
(13C/12C)reference (

6; — true value

A(13C16O )
A(lZCléoz)) reference 5 cy A
t» 00 | §,, — measured value

Reference 2
Reference 2

»
»

51,m (Sa,m 62,m 5mr %0

Measurement sequence (loop)

2 )
62,t = 52,m + § (5 2m 62,m)

1 01,6-02¢
01t = O1m + 3 (5,1,m - 51,m) Oar =

81,m— 62,m

(5a,m - 51,m) + 61,t
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E2P1B @- Please pay attention

Photography
not allowed

unpublished data

Thanks in advance !

Prokhorov, I., I. Chubchenko, G. Li, O. Werhahn, and V. Ebert,

‘(:) ©O) \"Eliminating the effect of air composition in optical isotope

ratio spectrometer", in preparation.
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Bz PIB Lab to field / case study on air matrix

—u— CO2-N2
—e— C02-02
—A— CO2-Ar

-
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Pressure broadening coefficient y, / 10° cm™ atm’

] Adaa,
[Brownsword1995]
[Margottin-Maclou1988]
.y . agn . 40 T T T T T T T T T T T T T
» No standard for “synthetic” air composition in 0 10 20 30 40 50 60
place m
Pressure broadening coefficient y, is a fixed
> Mismatch in air matrices between reference and parameter in default fitting model approach (!)
sample leads to artificial bias in d values
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1

Prokhorov, I., I. Chubchenko, O. Werhahn, G. Li, and V. Ebert "Eliminating the effect of air composition in optical isotope ratio
spectrometer”, in preparation.

Lab to field / case study on air matrix
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Improved fitting
Default fitting

Lin. reg.
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Ar mole fraction / %

Matrix mismatch = broadening
parameters are not appropriately
adapted to the experimental situation

Ar (%o/%) | O, (%o/%)

53¢ 0.39 -0.14

5180 -0.32 0.22

A slighly modified fitting model
approaches the matrix mismatch
problem — and solves it!
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Prokhorov, I., I. Chubchenko, O. Werhahn, G. Li, and V. Ebert "Eliminating the effect of air composition in optical isotope ratio
spectrometer”, in preparation.

Lab to field / case study on air matrix

613C -4.33(4) %o
6180 -17.47(7) %o
513C -4.37(8) %o
5180 -17.46(5) %o
613C -7.94(1) %o
6180 -14.69(3) %o

Spectrum / m\
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Fit residuals
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Channe!
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1

Prokhorov, I., I. Chubchenko, O. Werhahn, G. Li, and V. Ebert "Eliminating the effect of air composition in optical isotope ratio
spectrometer”, in preparation.

Uncertainty budget

Default (Factory)

Drift correction + Linearity
calibration (400-800 ppm) +
improved PTB-fit approach

613C/ %o 6180 / %o 613C/ %o 6180 / %o
Reproducibility, 0.02 0.03 0.02 0.03
urepr
Calibration, u,, 0.06 0.1 0.06 0.1
Concentration 0.01 0.01 0.001 0.001
dependence, Uy,
Matrixmismatch | g 0.07 0.001 0.001
EffeCtr Umatrix
Combined standard uncertainty,
0.10 0.13 0.06 0.10

u

Expanded uncertainty, U (k=2,
95% confidence interval)

0.20

0.25

— 2 2 2

2

matrix
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PIB

» Characterization of a gold standard candidate, commercial

Optical Isotope Ratio Spectrometer (OIRS) is completed at
PTB

» Comparison of optical isotope ratio methods within SIRS is
ongoing

© credit to BIPM

> CCQM-P204 pilot study on 13C/12C and 180/ 160 isotope ratios
in pure CO, taking place in 2020

» CCQM-Kxx key comparison, expected start in 2023

00000

00000

CH4 mole fraction (ppb)

» EMPIR proposal “STELLAR”
> Sl-traceability and OIRS of '3C/12C ratio in CH,4

1601%80 1985 1990 1995
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CLIMATE AND
OCEAN OBSERVATION

https://www.vtt.fi/sites/SIRS/ https://msu.euramet.org/ https://www.euramet.org/european-metrology-
networks/climate-and-ocean-observation/
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https://www.euramet.org/european-metrology-networks/climate-and-ocean-observation/
https://msu.euramet.org/
https://www.vtt.fi/sites/SIRS/

Have a nice time for everybody
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