Acceélération contre rovibrations
quand la spectroscopie infra-rouge vient bousculer la geochimie
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CO. atmosphérique Géochimie des isotopes stables: CO. atmosphérique
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CO2 atmosphérique
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Isotopic composiion for CO, 8'3C %,
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(180 / 16O)Carbonate
0 18Qcarbonate = 1 = 0'80seawater — bT + a

(1 80 / 160)reference

période glaciaire: * 380sw ¥ T = 1T 380
période inter-glaciaire: ¥ 3180sw 1+ T = ¥ 8180

Validation de la théorie de Milankovic : variations d'insolation = cycles glaciaires
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IRMS: Isotope Ratio Mass Spectrometry
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IRMS: Isotope Ratio Mass Spectrometry
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* mesures relatives de précision < 10 ppm
e interférence entre molécules de méme masse

- m =44 :16012C160
- m=45 16013160 + 16012C170) UU

- m =46 :16012C180 + 16013C170 + 17012C170 |_| = 46

NES
m =44
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45, x=1-10-=2

m=46, x=4-10-3

m=45 x=8-10+4
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47, x= 510

m =48, x=~4-10-

o013C + 0180

Stable isotope quantities of interest for CO-

(since ~1950, o = 10-50 ppm)

A170O (since ~2010, o= 10 ppm)

A47 (since ~2010, o = 10 ppm)

NA4s (since ~2020, o = 30 ppm)
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Many molecules absorb infra-red photon
. with quantified energy levels.
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* Absorbed wavelengths deperJ[\r(]ja?]n
distribution of mass rather
total molecular mass.

Handbook of Stable Isotope Analytica] Techniques,
PA. de Groot (Editor)

© 2004 Elsevier B.v All rights reserved.,

CHAPTER 34

, The Netherlands



Direct measurements in the field
013C, 0180, O2H...

Infrastructure européenne d'observation
des gaz a effet de serre

cf présentation d'Axel Wohleber
cet apres-midi
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Previously challenging measurements (e.g., A170 of CO.)
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Previously challenging measurements (e.g., A170 of CO.)
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Previously challenging measurements (e.g., A170 of CO.)
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Previously challenging measurements (e.g., A170 of CO.)

V-Cavity Optical Feedback

Cavity Ring-Down Spectroscopy
(VCOF-CRDS, LIPhy-LSCE)

®)@=))

Observed A0 (%) of CO,

Residuals

O Anchors (unfalsifiable)
{ Predictions from IRMS on H>O
O Predictions from mixing effects
0/'
7
/
—-0.13 - FF
o/'
&/g
7
~0.18 - s
/
o
7
7
7
0234
4 | | |
5 -
%
S
= RMSE ~ 1 ppm
| | |
—-0.23 -0.18 -0.13

Predicted A0 (%.) of CO»



absorption coefficient (1/cm)

—k
N

—k
o

O
o

O
»

O
I

O
N

O
o

le-7/

Factors limiting accuracy?

B S——

0.92

0.90 0.88
wavelength (nm)

— 160120160 (626)
— 160130160 (636)

160120180 (628)

0.86
+1.604e3



absorption coefficient (1/cm)

—k
N

—k
o

O
o

O
»

O
I

O
N

O
o

le-7/

Factors limiting accuracy?

_

0.92

0.90 0.88
wavelength (nm)

— 160120160 (626)
— 16013c160 (636)

160120180 (628)

0.86
+1.604e3



absorption coefficient (1/cm)

—k
N

—k
o

O
o

O
»

O
I

O
N

O
o

le-7/

Factors limiting accuracy?

_

0.92

0.90 0.88
wavelength (nm)

— 160120160 (626)
— 160130160 (636)

160120180 (628)

0.86
+1.604e3



absorption coefficient (1/cm)

—k
N

—k
o

O
o

O
»

O
I

O
N

O
o

le-7/

Factors limiting accuracy?

_

0.92

0.90 0.88
wavelength (nm)

— 160120160 (626)
— 160130160 (636)

160120180 (628)

0.86
+1.604e3



Metrological issues

Example: 3 different definitions of 613C
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Metrological issues
Example: 3 different definitions of 613C

Textbook definition




Metrological issues
Example: 3 different definitions of 613C Spectroscopic measurement

Textbook definition




Metrological issues
Example: 3 different definitions of 613C Spectroscopic measurement

IRMS measurement

Textbook definition



Conclusions:

Dialogue between spectroscopists and geochemists
Is useful and rewarding.

Looming metrological issues

Earth-science applications are demanding
but have critical implications for us all.

Earth-science labs will soon need

' ' Three geochemists compa
a new generation of engineers & researchers. Jerformances of their laser instrume

(artistiC representation)
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Overcome “hard” limits of IRMS? (e.g., Ass of CO2)

(8)(12)(e)

* IRMS of very rare species is limited by Poisson counting statistics
(count Nions = o= N12)

 Even after 80+ years of development, ion sources remain not very efficient

* By contrast, precision of infra-red spectroscopy bumps against “soft” limits
(thermal stability, optical fringes, saturation effects...)



