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IRMS – Part 2 –
13C and 18O analysis

Dr. Melanie Gimpel



Isotopic Analysis of Wine I

page 2

CO2: 
13C

Glycerol: 13C

Wine Water: 

18O (Equilibration)
Ethanol: 

13C, 

SNIF-NMR, 

2H-Pyr-IRMS, 

18O-Pyr-IRMS
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Isotopic Analysis of Wine II

page 3

18O of Wine Water

(OIV method)

SNIF-NMR

(OIV method)

13C of Ethanol

(OIV method)
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Distillate



IRMS Basics – Bulk analysis

• The IRMS instruments measure stable precisely small differences in the

abundance of isotopes (2H/1H, 13C/12C, 15N/14N, 18O/16O)

• Prior to analysis by IRMS, samples are converted into simple gas
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Samples (solid, liquid) 

Conversion into gas by

Oxidation

CO2, N2, SO2

„Pyrolysis“

CO, H2

Headspace/Cryofocus

CO2, N2, N2O, H2, O2, CO

Watertrap

Separation with GC

IRMS
13C, 15N, 34S, 18O, 2H



IRMS basics – CO2

• Example 13C/12C: CO2 can contain 12C, 13C, 16O, 17O, 18O

• Mass to charge ratios (m/z): 

 44 (12C16O16O)

 45 (13C16O16O, 12C16O17O) 

 46 (12C16O18O, 12C17O17O, 13C17O16O) 

Separation in the Mass Spectrometer
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O=C=O



Principles of EA-IRMS measurements I
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• Combustion: for 13C/12C and 15N/14N analysis

• Carrier gas in the EA-IRMS-system is helium



Principles of EA-IRMS measurements II
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• Combustion: for 13C/12C and 15N/14N analysis

• Carrier gas in the EA-IRMS-system is helium



IRMS Basics – Mass Spectrometer
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Source: Sercon 20-22 User‘s Manual V5.1

Faraday Cups: 
simple metal „buckets“ coated with 

specialized high carbon content paint

Sector field



δ13C of wine ethanol
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 The distillate that is produced according to the SNIF-NMR method OIV-MA-

AS311-05 is used.

 Elemental Analyzer EA-IRMS
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EA-IRMS – Combustion
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Distillate

Tin Capsules/ Liquid Injector

https://www.elementalmicroanalysis.com
https://www.palsystem.com



EA-IRMS – Sequence
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EA-IRMS – Combustion
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Distillate

Tin Capsules/ Liquid Injector

Combustion at 900-1050°C 

+ Catalyst (Cr2O3 and Co3O4+Ag)

Sample Gas CO2 + H2O + (NOx)

Reduction (in 2nd quartz tube), 650°C, 

NOx  N2

https://www.elementalmicroanalysis.com
https://www.palsystem.com



Combustion and Reduction tubes
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• Quartz or steel stube

• Oxygen atmosphere

• Catalyst: Cobalt Oxide, 

Chromium Oxide, Copper

Oxide

• Temperature 900-1050 °C

• Quartz or steel stube

• Copper

• Temperature 600-650 °C



EA-IRMS – Combustion II
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Water trap  Removal of H2O, Mg(ClO4)2

GC (packed column, isothermal 65-100°C) 

 separation of CO2 + N2

Reduction (in 2nd quartz tube), 650°C, 

NOx  N2



Watertrap and GC
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Water trap:  Mg(ClO4)2

N2

CO2

Separation of N2 and CO2:

• packed GC column

• isothermal, approx. 70 °C

• alternativ purge-and-trap system



EA-IRMS – Combustion II
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Water trap  Removal of H2O, Mg(ClO4)2

GC (packed column, isothermal 65-100°C) 

 separation of CO2 + N2

Interface

Dilution with Helium,Transfer into MS

IRMS

Reduction (in 2nd quartz tube), 650°C, 

NOx  N2



EA-IRMS – Results and Data handling
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Automatically:

• Peak integration

• Correction of raw data (e.g. 17O correction)

• Calculation of isotope delta ratios (δ13C)

Results (δ13CVPDB)

Calibration Intra-Sequence

Raw ratios

Recalibration against the

reference samples in the

sequence

Reference Gas Calibration

Chromatogramm

Reference gas is previously calibrated

against reference material

Reference gas is measured in each run

of each sample



Results and Data handling – intra-sequence calibration
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δ18O of Wine water

Example Gasbench

page 19

• The technique is based on the equilibration of water in 

samples of wine with a Carbon dioxide standard gas.
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• Headspace-Method



Principles of equilibration-IRMS measurements I 
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Headspace Method

He + CO2 Sample

CO2

(gas phase)

Closed system (vials)

Water

(liquid phase)

CO2

(gas phase)

Water vapor

(gas phase)

12C16O16O 1H1H18O 12C16O18O 1H1H16O+ +

m/z 44 m/z 20 m/z 46 m/z 18

Injection of the gas phase into IRMS

He + CO2 (m/z 44 + 46) + H2O (m/z 18 + 20)



Principles of equilibration-IRMS measurements II 
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Thermo Fisher Scientific, Application Note 30048

Borosilicate sample bottles

• Sealed with new septa

Removal of residual air

Required temperature stability ± 0.1 °C 

(temperature dependance ≈ 0.25 ‰ per °C)

At least dublicates, 

+ standards

Headspace Method



Principles of Equilibration-IRMS measurements II
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Measurement of

m/z 44, 45, 46

Interface



Equilibration-IRMS measurements - Sequence
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δ18O in wine water - Chromatogram
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δ18O in wine water - data evaluation I
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Gasbench – data evaluation II
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Data handling - Corrections
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• Correction for interferences

• e.g. mass 45: 13C16O16O, 12C17O16O → 17O-Correction, 

• Drift correction

• Traces of water, changes of working gas canlead to drift effects → 

determination of slope of linear drift curve

• Linearity correction

• correlation between the signal intensity and the measured value → 

can be corrected or avoided by closely controlling the weight of each

sample

• Memory correction

• preceding samples with deviating isotope values → memory

correction is possible, but quite complex

• Blank correction

• Blank effects can arrise → can usually be corrected by IRMS 

software, unlikely with sufficiently large sample peaks
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Thank you for your attention

Melanie Gimpel

German Federal Institute for Risk Assessment

Max-Dohrn-Str. 8-10  10589 Berlin, GERMANY

Phone +49 30 - 184 12 - 0  Fax +49 30 - 184 12 - 47 41

bfr@bfr.bund.de  www.bfr.bund.de/en


