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Early mass spectrographs

Clovis Granger, my great grand father, 1900
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Dempster, A. J. (1918-04-01). "A new Method of Positive 

Ray Analysis". Physical Review. 11 (4): 316–325.

Electron impact source

https://zenodo.org/record/2451538
https://zenodo.org/record/2451538
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Titre

Roger Hélie, my grand father, 1920



Centre de Recherche sur la 
Dynamique du Système Terre

How does it work?

é

+

Incomplete ionization

IRMS electron impact source
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The dual inlet system

McKinney et al. (1950)

Murphey (1947)
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We normalize to a “known” CO2

André Hélie, my father, 1951
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So…

- We need an IRMS.

- We need gases… thus vacuumed prep lines

- We need lots of people!
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Micromass VG 602 at Geotop 1970’s

1978
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VG Isogas PRISM II at Geotop early 1990’s

1997
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Methods of the classic period

- Offline conversion of sample to a gas
- Measurement of a raw delta value on the IRMS
- Calculations

Let’s do 3 examples
- Dissolved Inorganic Carbon
- Organic Matter
- Water
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 13C of DIC

Made with ChatGPT
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 13C of DIC

- Inject 60 cc of sample
- 10 to 15 minutes of reaction, trapping and 

pumping of incondensable gases
- Clean the dishes
- Vacuum the system for about 1 hour (water 

is sticky)
- Analyze the 2 samples on the DI-IRMS vs 

CO2 gas

- About 12 sample in a day
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 13C of solid organic matter

CuO + OM + heat (850 oC) → CO2 + NxOx + SOx + H2O + extra stuff 

Made with ChatGPT
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13 of solid organic matter

- Insert sample with CuO in a pyrex tube
- Vacuum and seal with a gas torch (n=16)
- Cook overnight in a muffle furnace (800-850 oC)
- Vacuum in flex tube and break
- 10 to 15 minutes of reaction, trapping and pumping 

of incondensable gases
- Vacuum line for an hour.
- Repeat for the second batch
- Analyze the 16 samples on the DI-IRMS vs CO2 gas

- About 16 samples every 2 days
- If you have 2 students, you can go twice as fast
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 18O measurements in H2O

12C16O16O(gaz)  +  H2 
18O(liq.)      12C16O18O(gaz)  +  H2 

16O(liq.)

Made with ChatGPT
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 18O measurements in H2O

- Transfer a known amount of sample to the sample holder (3 ml)
- Freeze water sample with dry ice/alcohol bath
- Vacuum line
- Thaw
- Repeat 3 times
- Fill glass line & sample holder (frozen) with know pressure of CO2

- Close sample holder, thaw sample and let equilibrate at 25.1 oC 
overnight

- Freeze water sample, vacuum line, trap CO2 in a sample holder 
with LN2.

- Analyze the 8 samples on the DI-IRMS vs CO2 gas

- About 8 samples every 2 days
- If you have 2 students, you can go twice as fast
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Equilibration
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CO2 measurements on the IRMS
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Dual inlet IRMS analysis

Made with ChatGPT

IRMSDual inlet

sample
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Dual inlet analysis

Bellow Bellow
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I need a 
reference…
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Making a reference CO2

CaCO3 + 2H3PO4 → Ca2+ + 2(H2PO4)- + H2CO3

H2CO3 → H2O + CO2

Made with ChatGPT

Kim et al. 2007 doi:10.1016/j.chemgeo.2007.08.005

1000·lnCO2(acid)-Calcite = 3.59·(103/T)-1.79 

Where CO2(acid)-Calcite is the phosphoric acid 
fractionation factor , and T is the temperature in 
kelvin.
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Making a reference CO2

Wendeberg et al 2010 DOI: 10.1002/rcm.4933

1950s : PDB

1950s – 1960s: PDB-1 or B1

1970s: NBS20

1980s to 2000s: NBS19

Now: IAEA-603
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Making a reference CO2
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Dual inlet analysis
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Houston, we have a problem!

- The further apart the 2 values are, the 
more the measurement is affected. 

- This is due to cross contamination in 
the change-over valve of DI-IRMS.

- This is often referred to as scale 
contraction
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17O correction calculations

 = 0.528  (Assonov & Brenninkmeijer 2003)

K = 0.01022461  (Brand et al. 2010)

R(13C/12C, VPDB) = 0.011113 ± 0.000022 
R(17O/16O, VPDB-CO2) = 0.0003907 ± 0.0000012
R(18O/16O, VPDB-CO2) = 0.00208839 ± 0.00000092

IUPAC “CIAAW 20 December 2024 News,” https:// ciaaw. org/ news. htm

13R = 45R – 2(17R)

17R=K*(18R)

NIST Special Publication 260-149 2004 Edition Value Assignment and Uncertainty 
Estimation of Selected Light Stable Isotope Reference Materials: RMs 8543-8545, RMs 8562-
8564, and RM 8566 R. Michael Verkouteren Donna B. Klinedinst
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How certain are you?
13C measurement 18O measurement

ref gas acid reaction ref gas acid reaction

Stdev of ref gas measurement Stdev of ref gas measurement

Stdev of sample measurement Stdev of sample measurement

DI-cross-contamination DI-cross-contamination

17O correction 17O correction

Acid “dryness”

Temperature of acid reaction for ref

Volume of sample holder

Volume of water

Pressure of CO2 in equilibration line

Original 13C of CO2

Temperature of CO2-H2O equilibration 
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The “more is better” era

1990’s: Continuous Flow IRMS

2010’s: Laser Absorption Spectroscopy
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Continuous Flow IRMS



Centre de Recherche sur la 
Dynamique du Système Terre

13C, 15N & 34S of OM

H2O

CO2 SO2

N2

CHNOS
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13C, 15N & 34S of SPM
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Continuous Flow IRMS

- Elemental analyzer

- Pyrolysis EA

- Gas Chromatograph

- Liquid Chromatograph

- Gas bench/MultiFlow/

- Pre-con/TraceGas/etc

- Laser Ablation
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Automated dual inlet IRMS analysis

Made with ChatGPT

IRMSDual inletAuto-sampler
With prep system
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Laser absorption spectroscopy
It’s all about the good vibrations!

Symmetrical_stretching Asymmetrical_stretching
Scissoring

Modo_rotacao
Wagging

Twisting

Symmetrical

stretching

Antisymmetrical

stretching

Scissoring

Rocking Wagging Twisting

http://en.wikipedia.org/wiki/File:Symmetrical_stretching.gif
http://en.wikipedia.org/wiki/File:Asymmetrical_stretching.gif
http://en.wikipedia.org/wiki/File:Scissoring.gif
http://en.wikipedia.org/wiki/File:Modo_rotacao.gif
http://en.wikipedia.org/wiki/File:Wagging.gif
http://en.wikipedia.org/wiki/File:Twisting.gif
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Laser absorption spectroscopy

Laser
Sample Gas Inlet Outlet Gas Flow

Photo

Detector

Sample Flow Cell
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Laser absorption spectroscopy

a
b
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Orbitrap

Kantnerová et al. (2024). https://doi.org/10.1038/s41596-024-00981-5



Centre de Recherche sur la 
Dynamique du Système Terre

Identical treatment principle
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CF-IRMS & Auto-DI-IRMS

13C measurement 18O measurement

ref gas acid reaction ref gas acid reaction

Stdev of ref gas measurement Stdev of ref gas measurement

Stdev of sample measurement Stdev of sample measurement

DI-cross-contamination DI-cross-contamination

17O correction 17O correction

Acid “dryness”

Temperature of acid reaction for ref

Volume of sample holder

Volume of water

Pressure of CO2 in equilibration line

Original 13C of CO2

Temperature of CO2-H2O equilibration 

- Proper standards or RMs

- Proper isotope delta scale

- Identical treatment
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Uncertainty components

- Stated uncertainty of your standards or RMs

- Replicate measurement of everything
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Everything was better in 
the good old days!

Everything is so much 
better now!
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My publications in NotebookLM
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 18O of water
Method Typical uncertainty

A Off-line equilibration ??? But certainly higher than 0.3 ‰

B Pyrolysis 0.3 ‰

C Automated DI-equilibration 0.05 to 0.1 ‰

D LAS 0.1 to 0.2 ‰

Method Typical uncertainty

A Off-line reduction on U ??? 

B Pyrolysis 0.3 to 0.5 ‰

C Automated DI-equilibration 1.5 to 2 ‰

D LAS 0.2 to 0.5 ‰

 2H of water
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DI vs CF
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DOI: 10.1021/acs.analchem.5b04392
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All DI-IRMS
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NBS19
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Titre
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How far away are we from this? 
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That’s it patate frite!
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Pyrolysis of water

3H2O + 2Cr → 3H2 + Cr2O3

1070oC

0,3 l d’eau

H2O + C → H2 + CO

1275oC

Glassy carbon
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Gemini
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Titre
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Titre
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Titre
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