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• Magnetic sector portfolio

• Ideal molecule to benchmark orbitrap isotope 

ratios

• Measurement technique

• Review of established compounds 

• Current labs with orbitrap isotope equipment

• Thermo demo lab

• Questions (feel free to ask during presentation)



The current Thermo Scientific  IRMS portfolio

We currently offer a scaled portfolio of MS and sample introduction solutions

• Thermo ScientificTM

DELTA QTM IRMS

• Sensitivity up to 800 M/I

• Mass range up to m/z 96

• Accommodates up to 10 

collectors

• Thermo ScientificTM 253 PlusTM

10 kV IRMS

• High-precision isotope analysis

• Long term stability and 

robustness

• Complete automation for ease-

of-use
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• Thermo ScientificTM Orbitrap 

ExplorisTM 120/240/480 MS

• ESI source

• Variable resolution for multiple 

isotopologue collection

• Complete automation for ease-

of-use



Oxyanions: refine understanding of element cycling

Oxyanions are important chemical constituents of virtually every environment on Earth.

.    

Atmosphere WaterSoil
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What are current isotope ratio techniques missing?

A wish list

Nitrogen 2021, 2, 196–217. https://doi.org/10.3390/nitrogen2020013

• Direct measurement of intact molecules 

• Access to liquid, polar samples 

• Higher sensitivity

• Less sample preparation, eliminate solid → gas process

• Position specific isotope analysis
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An opportunity to bridge a gap exists

Combine technology developed for Life Science with approaches from stable isotope geochemistry
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Classic isotope-ratio MS    N2, O2, N2O Thermo Scientific OrbitrapTM MS

● Indirect: Conversion into simple gases

● Combining isotopologues on few signals
● Direct: Intact isotopologues

● Separation of all species by HRMS

EI

ESI
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Mass spectrometers for isotope ratio analysis



Orbitrap Exploris Isotope Solutions

Thermo Scientific  Orbitrap Exploris  Isotope Solutions includes:

Thermo Scientific

Orbitrap Exploris

120/240/480 MS

Optional Thermo 

Scientific  Vanquish  

Neo UHPLC System
Dual Syringe Inlet

Data evaluation Package 

for Isotope Ratio MS 
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What’s inside the Orbitrap Exploris MS
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Essential components for isotope ratio analysis



Important parameters for Orbital analyzer

Isotope ratio analysis

• Resolution:

• Orbitrap analyzes a specific number of 

ions (ion package) per scan

• Every scan results in a mass spectrum

• Higher resolution requires longer scan 

time:

NO3
-

HSO4
-

Organics
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Resolution 

at m/z 200

Scans per 

second

15,000 22

30,000 12

45,000 10

60,000 7

120,000 3

240,000 1.5



• Precision: maximizing ion counts

• Longer analysis times achieve greater precision.

• Lower resolution setting requires less time for 

scanning.

• Optimize mass range maximize the number of 

target ions.

• Accuracy: Sample/Standard comparison

• NO3
- Analysis of signals (reference/sample) for 

6–9 mins 

Isotope ratio methodology for Orbitrap MS
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Dual Syringe Inlet

Sample introduction technique

• Dual Syringe Inlet System utilizing the diverter valve option of the Orbitrap Exploris MS

• Direct infusion of sample (50 µM in MeOH) with a flow rate of 4 µl/min via a syringe pump; sample 

reference comparison by switching of a diverter valve.
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Automated In-Flow Injection

Sample introduction technique

• In-flow Injection - Vanquish Neo UHPLC System 

• Loop-injection of 20-30 µL sample (50 µM in MeOH) by the Autosampler into a flow of 4 µL/min of 

MeOH.
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Automated In-Flow Injection with Syringe Reference

Sample introduction technique

• In-flow Injection - Vanquish Neo UHPLC System 

• Syringe injected reference material to control for ESI instrument drift. Increases orbitrap uptime while  

loop is washed out.
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Orbitrap for isotopes: workflow for nitrate

Nitrate simplest model (4 atoms with isotope species: 14N, 15N, 16O, 17O, 18O)
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ESI-Orbitrap for isotopes – methodology

‘M0’ experiment
m/z Isotopologue Abundance Percentage

M0 61.9884 14N16O3 989242 98.9

M+1 62.9854 15N16O3 3637 0.36

62.9926 14N17O16O2 1127 0.11

M+2 63.9896 15N17O16O2 4.1

63.9926 14N18O16O2 5951 0.60

63.9968 14N17O2
16O 0.4

M+3 64.9897 14N18O16O2 21.9

64.9938 15N17O2
16O < 0.1

64.9968 15N17O18O16O 4.5

65.0010 14N17O3 < 0.1

M+4 65.9939 15N18O16O2 < 0.1

65.9969 15N18O2
16O 11.9

65.9981 15N17O3 < 0.1

66.0011 15N17O2
18O < 0.1

taylor.graham@thermofisher.com | 7 June 2026 | ASITA 2026

• M0 peak as basepeak



ESI-Orbitrap for isotopes – methodology

‘noM0’ experiment

Mass Range!

m/z Isotopologue Abundance Percentage

M0 61.9884 14N16O3 989242 98.9

M+1 62.9854 15N16O3 3637 33.81

62.9926 14N17O16O2 1127 10.48

M+2 63.9896 15N17O16O2 4.1

63.9926 14N18O16O2 5951 55.32

63.9968 14N17O2
16O 0.4

M+3 64.9897 15N18O16O2 21.9 0.20

64.9938 15N17O2
16O < 0.1

64.9968 14N17O18O16O 4.5 0.04

65.0010 14N17O3 < 0.1

M+4 65.9939 15N18O16O2 < 0.1

65.9969 14N18O2
16O 11.9 0.11

65.9981 15N17O3 < 0.1

66.0011 14N17O2
18O < 0.1
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• 15N or 18O peak as base peak



Applications
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Published or application notes available for:

• Nitrate

• Sulfate

• Phosphate

• MSA

• Acetate

• Amino Acids – glutamic acid and alanine

• Caffeine

• Vanillin

• Methyl Phosphonic acid (chemical weapon forensics)

• DDT

• PFAS

• SMX

• Glucose

• FAME

• Neonicotinoids

• Perchlorate



Questions
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1. 1. What is the ionization method for the Orbitrap?

2. 2. Where can we fragment our molecule?



Dual Inlet measurements of nitrate

Quality control: 15N/14N isotope ratio analysis

• Three nitrate reference materials 

available from USGS:[1]

Block Description Ratio 

(
15

N/
14

N) 

δ
15

NUSGS32/Air 

[‰]

δ
15

NUSGS32/Air 

[‰]

Std. Dev.

1 Reference (USGS35) 0.00430

2 Sample (USGS32) 0.00506 179.5

3 Reference (USGS35) 0.00430

4 Sample (USGS32) 0.00506 179.3 179.6 0.4

5 Reference (USGS35) 0.00430

6 Sample (USGS32) 0.00506 180.1

7 Reference (USGS35) 0.00430

‘M0’ experiment:
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δ15NAIR δ18OVSMOW
17OVSMOW

USGS32 + 180 ‰ + 25.7 ‰ -

USGS34 - 1.8 ‰ - 27.9 ‰ - 14.8 ‰

USGS35 +2.7 ‰ + 57.5 ‰ + 51.5 ‰

[1] Böhlke, J.K .; et al. Rapid Commun. Mass Spectrom., 2003, 17, p. 1835−1846.



Referencing scheme for nitrate

Analysis of international standards for nitrate

• Isotope ratio data of ‘M0’ and ‘noM0’ experiments using N11 as a working standard:[1]

Isotope ratio data of six of nitrate`s 

most abundant isotopologues using 

the In-Flow Injection setup.
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[1] Böhlke, J.K .; et al. Rapid Commun. Mass Spectrom., 2003, 17, p. 1835−1846.

δ15NAIR δ18OVSMOW
17OVSMOW

USGS32 + 180 ‰ + 25.7 ‰ -

USGS34 - 1.8 ‰ - 27.9 ‰ - 14.8 ‰

USGS35 +2.7 ‰ + 57.5 ‰ + 51.5 ‰



Nitrate analysis of environmental samples
‘M0’ experiment
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Dual Syringe Inlet methodology

 

• Sample prep: “Dilute and Shoot” 

• Dilution to 1µM (62 pg NO3
-/µL) for high   

salinity samples

• Results δ15N and δ18O

• Precision: < 1‰

• Difference Orbitrap – Expected: < 1‰ 

• Takeaway

• ESI tolerates up to 100-fold Cl- load

• Ground waters diluted up to 1/500

[2] Hilkert, A.; et al. Anal. Chem. 2021, 93, 9139−9148.



Other oxyanions – sulfate and phosphate

Sulfate ionized as HSO4
- Phosphate ionized as H2PO4

-
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Isotope mapping of sulfates

32S

33S

34S

36S

x

16O

17O

18O

m/z Isotopologue Abundance

M0 96.9596 1H32S16O4 9408592

M+1 97.9590 1H33S16O4 7427

97.9638 1H32S17O16O3 1433

M+2 98.9554 1H34S16O4 42084

98.9638 1H32S18O16O3 7632

M+3 99.9596 1H34S17O16O3 63

99.9632 1H33S18O16O3 59

99.9680 1H32S17O18O16O2 9

M+4 100.9546 1H36S16O4 145

100.9596 1H34S18O16O3 333

100.9680 1H32S18O2
16O2 44
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Isotopes of Phosphate
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MSA using SO3
- Fragment Paper
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• HCD Collision Energy ~60% (compared to 50% for PO3
-) 

• Offline purification and separation to remove SO3
- contribution to 

MSA SO3
-

• Murchison meteorite contains distinctly extraterrestrial isotope 

signatures for 13C, D and Δ33S



Acetate Isotopes on the Orbitrap
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Acetate Isotopes on the Orbitrap
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Glutamic Acid Isotopes

Thermo Fisher Scientific TN003099
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Glutamic Acid Isotopes

Thermo Fisher Scientific TN003099
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Alanine Isotopes
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Alanine Isotopes
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Accuracy - Caffeine reference materials

taylor.graham@thermofisher.com | 7 June 2026 | ASITA 2026

δ 13CVPDB,reported δ 13CVPDB,measured

IAEA600* -27.8 -27.8

USGS61 -35.1  -34.7 ± 0.7

USGS62 -14.8  -14.1 ± 0.6

USGS63 -1.2  -1.3 ± 0.6

Lab_Std. -33.2  -31.4 ± 0.6

*Used as calibration point

• Work in press by Nils Kuhlbusch



Position specific labels in reference materials
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• Work in press by Nils Kuhlbusch



Position specific isotope analysis (PSIA)
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PSIA of caffeine reference materials
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Vanillin data
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Acknowledgement: samples courtesy and GC-IRMS data provided by David Psomiadis and Balazs Horvath, Imprint Analytics GmbH, Austria

• Work in press by Nils Kuhlbusch



Methyl Phosphonic Acid
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Methyl Phosphonic Acid
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DDT
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Carbon stable isotope analysis of PFAS sources
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• Dombrowski et al (2025). Environmental Science & Technology 
Letters https://doi.org/10.1021/acs.estlett.5c00021

▪ Carbon isotope analysis of PFAS, PFOA and 

FTOH were acquired from multiple vendors 

and where possible, from multiple lots.

▪ There was variation in the carbon isotope 

values among different compounds, 

manufacturers, and batches.

▪ Ex. PFOA Syn δ13C lots differed (−28.9 ± 

0.3‰, and, −46.1 ± 0.7‰).

▪ Variability among mean carbon isotope values 

makes EA-IRMS a potentially powerful 

tracking tool for PFAS contaminants.  



PFOA Carbon Isotope “Fingerprinting”
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PFOS Fingerprinting
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Peak broadening with heart-cut setup
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A B

Waste

DAD

Caffeine reference in MeOH + 0.1 % FA

MeOH + 0.1 % FA flushing the heart-cut loop

Sample injected onto RPLC column

A B

Waste

DAD

Can be:

• Syringe

• Additional pump

• Autosampler

Tested so far:

• RPLC

• HILIC

Can be anything with 

the correct volume:

• Capillary

• Loop

• Mixer

• …

Kuhlbusch et al. ASMS 2023



Peak broadening with heart-cut setup
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5 10 15 20 25 30

time / min

• Broadening of peaks via heart-cut to maximize the number of ions counted
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Kuhlbusch et al. ASMS 2023
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Caffeine in beverages and food
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HPLC Isotope Orbitrap Coupling
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• Sulfamethoxazole as target compound

• 4 nmol of sample

• Reproducible compared to GC-IRMS within 

1.5 and 0.9 of 13C and 34S, respectively.  



HPLC Isotope Orbitrap Coupling
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• Sulfamethoxazole as target compound

• 4 nmol of sample

• Reproducible compared to GC-IRMS within 

1.5 and 0.9 of 13C and 34S, respectively.  



Gluconate: 

~5x ionization efficiency vs. 

glucose, clear fragmentation

PSIA of cellulose and glucose by Orbitrap Mass 
Spectrometry 

Thermo Q Exactive 
Orbitrap: 
Fragmentation + 
High-resolution MS

Hannah Dion-Kirschner
PhD Student, Cal Tech
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Independent observation of δ13C of 5 atomic positions in 
glucose
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Position-specific δ13C analysis of C3 and C4 glucose

C4: Corn

C3: Wheat
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C4

C3

C-1 C-2 C-3 C-4 C-5



Position-specific δ13C analysis of C3 and C4 glucose

C4

C3

• 0.1 to 0.5‰ precision on fragment 
measurements of natural glucose

• Average 1.4‰ precision on 
calculated position-specific values

• Accurate to externally verified 
values within precision

• Consumes < 50 μg glucose! 
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Unique intramolecular 13C patterns in gymnosperm 
and angiosperm cellulose

Larix decidua 
(conifer, dry-adapted)

Fagus sylvatica 
(angiosperm, 

humid-adapted)
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FAME Analysis
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Stearic acid



Organic Acid Review Paper
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Neonicotinoids Fingerprinting
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• Faster than LC-IRMS

• Gives multiple isotope ratios from a single 

analysis

• LOD is much lower than classical IRMS

• Might be able to build databases for complex 

molecules to fingerprint these compounds.



Perchlorate
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• 4 orders of magnitude less sample 

than conventional IRMS!



OEIS Systems in the US
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Demo Lab at CU Boulder
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• Orbitrap 240 with Vanquish Neo UHPLC

• Thermo Fisher: Brett Davidheiser

• PIs: Sebastian Kopf and Cajetan Neubauer

• Post Doc: Kristyna Kantnerova (now Assistant 

Prof at UCT Prague)



John K. Böhlke
Stan Mroczkowski

John Eiler
Nathan Dalleska 

Sebastian Kopf

Xingchen Wang

Ralph Mead
Chad Lane
Paul Wojtal
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Cajetan Neubauer and Kristýna 

Kantnerová for close collaboration 
and help

Joel Savarino, John K. Böhlke
and Shohei Hattori for providing 
sample and reference materials

Thermo Fisher Scientific :
Kyle Fort
Konstantin Aizikov
Alexander Makarov 
Uwe Rickens
Tabiwang Arrey
Colin Wirth
Christian Klaas
Charles Cartwright
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Other Things to Watch
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Outlook: Position Specific Isotope Analysis (PSIA)

Vanillin

• Fragmentation pattern[6] defines PSIA targets

• Dual Inlet - Zero Enrichment (35 min)

Threonine

• Fragmentation pattern [7] defines PSIA targets

• Dual Inlet - Zero Enrichment (24 min)

18Oβ-OH    ± 2.5‰
2HC3H6N ± 3 ‰

13CC-1 ± 0.9 ‰

13CC-2,3,4 ± 0.6 ‰

taylor.graham@thermofisher.com | 7 June 2026 | ASITA 2026

13Cbulk ± 0.5 ‰

2Hbulk ± 5 ‰

18Obulk ± 2 ‰

13Cbulk ± 0.6 ‰

15N ± 2 ‰

2Hbulk ± 3 ‰

18Obulk ± 1 ‰

[6] Shen Y.; et al. J. Dairy Sci., 2014, 97, 679-686.

[7] Zhang P.; et al. Sci. Rep., 2019, 9, 6453.



Future Frontiers 
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• PFAS

• Online HPLC methods

• Glucose

Nils Kuhlbusch



Comprehensive IRMS of sulfates

S-3477 δXX [‰]

33S (3.33)

34S 6.48

36S (12.35)

17O (6.77)

18O 13.02

Δ33 na (0)

Δ36 na (0)

Δ17 na (0)

S-MIF1 δXX [‰]

33S 14.81

34S 10.26

36S 19.47

17O na

18O na

Δ33 9.54

Δ36 -0.14

Δ17 3.3

S-MIF2 δXX [‰]

33S 22.42

34S 21.53

36S 40.73

17O na

18O na

Δ33 11.39

Δ36 --0.33

Δ17 3.3

Böhlke, USGS

• Dual Inlet experiment: Reference: S-3477 (Working Standard)

  Sample: S-MIF-1, S-MIF-2 
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 SMIF-1

 SMIF-2• Reported isotope data:[3] 

• Measured Isotope Data: 

11.7

-0.6

Preliminary results - unpublished data

Samples provided by Joel Savarino

Institut des Géosciences de 

l’Environnement/CNRS

[3] Geng L.; et al. J. Anal. At. Spectrom., 2019, 34, 1263–1271.
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• Easy access to test new hypotheses

Comprehensive IRMS of methanesulfonic acid (MSA)
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[4] Ishino S.; et al. J. Geophys. Res. Atmos., 2021, 126 (6). 

[5] Wang K.; et al. Atmos. Chem. Phys., 2021, 21, 8357–8376. 



Analysis of two MSA samples

• Dual Inlet analysis of two MSA samples vs a working standard (Sigma-Aldrich)

• 3x70 min runs → error bars - st. dev. of the 3 runs
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‘noM0’ experiments:

Preliminary results - unpublished data

Samples provided by Shohei Hattori 

Tokyo Tech & Nanjing
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Groundwater Sample Table
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[2] Hilkert, A.; et al. Anal. Chem. 2021, 93, 9139−9148, SI Table.



10 reasons to use Orbitrap Exploris Isotope Solutions
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