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Outline

« Magnetic sector portfolio

 |deal 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)
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The current Thermo Scientific™ IRMS portfolio

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

« Thermo Scientific™ « Thermo Scientific™ 253 Plus™ +« Thermo Scientific™ Orbitrap
DELTA Q™ |RMS 10 kV IRMS Exploris™ 120/240/480 MS

« Sensitivity up to 800 M/I « High-precision isotope analysis  ESI source

* Mass range up to m/z 96 * Long term stability and « Variable resolution for multiple

Accommodates up to 10 robustness isotopologue collection
collectors « Complete automation for ease- » Complete automation for ease-

of-use of-use
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Oxyanions: refine understanding of element cycling

Atmosphere <) Soil <amm——m) \Vater

Oxyanions are important chemical constituents of virtually every environment on Earth.
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What are current isotope ratio techniques missing?
A wish list

* Direct measurement of intact molecules

Gaseous Nitrogen Ammonia
« Access to liquid, polar samples
: sgs Woteripflow ' Qe “'I'” 4 < Nzo/ N2
- Higher sensitivity T\ B
» Less sample preparation, eliminate solid = gas process R\ ;’// 2
AEROBIC § .\gq\;\\(g/},«/ 2 <
» Position specific isotope analysis WATER AN/
".l' 1 : ; %
Organic N '—NO; =
AEROBIC >
SOIL

Water plant interface

ANAEROBIC
SOIL

Nitrogen 2021, 2, 196—217. https://doi.org/10.3390/nitrogen2020013
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An opportunity to bridge a gap exists

Combine technology developed for Life Science with approaches from stable isotope geochemistry

SOLUTES GASES

e
2

|sotopic
fingerprints
In solutes Magnetic

sector

x-fold

Life Sciences Geosciences
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Mass spectrometers for isotope ratio analysis

Classic isotope-ratio MS N,, 0,,N,0

Thermo Scientific Orbitrap™ MS ﬁwf

o Indirect: Conversion into simple gases « Direct: Intact isotopologues
o Combining isotopologues on few signals o Separation of all species by HRMS
& l.l....f?.f‘.?f?.’.'f.... [ [ MO )
Fr =
El| a =3
& 5 M2
source 2 hl : |
m/z m/z
‘. . >
" [ Orbitrap
ESI . : mass analyzer
heavier m Electrospray 1
lighter atom : -: o??n oele?ttj(l)e onization |  Quadrupole :
or molecule ' ) 1 mass filter '

ion detectors UUU
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Orbitrap Exploris Isotope Solutions

Thermo Scientific™ Orbitrap Exploris™ |sotope Solutions includes:

Thermo Scientific™

Orbitrap Exploris™ Data evaluation Package

120/240/480 MS

for Isotope Ratio MS

-

Orbitr |
oot FIOW L

Dual Syringe Inlet

Optional Thermo
Scientific™ Vanquish™
Neo UHPLC System
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What’s inside the Orbitrap Exploris MS

Essential components for isotope ratio analysis

thermo

scientific




Important parameters for Orbital analyzer

Isotope ratio analysis

 Resolution:

Orbitrap analyzes a specific number of FULL SCAN ANALYSIS
ions (ion package) per scan
Every scan results in a mass spectrum
Higher resolution requires longer scan
time:
Resolution Scans per
at m/z 200 second
15,000 22
NO,
30,000 12
45,000 10
HSO,-
60,000 7
thermoscientfic [
120,000 3 —
Organics

240,000 1.5
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Isotope ratio methodology for Orbitrap MS

5NO, lons counted
1E+3 1E+4 1E+5 1E46 1E+7

* Precision: maximizing ion counts
- Longer analysis times achieve greater precision.

. . . . 100
- Lower resolution setting requires less time for

scanning.

X RelSE
—— Shot Noise_permil

- Optimize mass range maximize the number of
target ions.

10

rel SEM / permill

« Accuracy: Sample/Standard comparison i - --

- NOj Analysis of signals (reference/sample) for
6—9 mins

0.1 I
0.001 0.01 0.1 1 10

Analysis time / min
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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 uM in MeOH) with a flow rate of 4 pyl/min via a syringe pump; sample
reference comparison by switching of a diverter valve.
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| H NIIN | 0 10 20 0 40 50 60 70
|

Time (min)
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Automated In-Flow Injection

Sample introduction technique

* In-flow Injection - Vanquish Neo UHPLC System

* Loop-injection of 20-30 yL sample (50 uM in MeOH) by the Autosampler into a flow of 4 yL/min of
MeOH.

Q -
Al &
A& A

QJQD % - Reference Sample Reference Sample
B m\_, I
Q

¢ MS < s e 1 2 I !

A 3 i
//// . . < 7 ~ J J I: _j j
-/ UHPLC ’ . _l] | TI.E- | 1|5{] | ?IE | 1|5[l | T|.5 | 1I5[J | _i'l.5 | 1I5

/ pump Time (min)
T = i
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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.

[l

Il

T

7/ Z T '
: i '
7 b : '
// / -
/ Reference
T ” , 7 7 4{:‘:’,’;’"] ‘ I = l
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Orbitrap for isotopes: workflow for nitrate

Nitrate simplest model (4 atoms with isotope species: *N, 1°N, 160, 170, 180)

Intensity

Mo

13.::,

K m R = SN/MO

=) R = 170/MO

m R = 80/MO
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ESI-Orbitrap for isotopes — methodology

‘M0’ experiment

MO
M+1 M+2
15N 180)
Fany
2
I3 170
£
N N o O
\‘'qu’%b':o"‘:-’bfo"‘:‘:5 / & S
\\\ r;f .fj. ”’
1 I 1 I I 1 I 1
60 61 62 63 64 65 66 67
m/z

* MO peak as basepeak
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mlz Isotopologue Abundance Percentage

Mo 61.9884 14N16Q, 989242 98.9
M+1 62.9854 15N 160, 3637 0.36

62.9926 14N170160, 1127 0.11
M+2 63.9896 ISNIZ@Ee? 4.1

63.9926 14N180160, 5951 0.60

63.9968 “NIT@PEe 0.4
M+3 64.9897 14N18Q16Q, 21.9

64.9938 SN170,'%0 <0.1

64.9968 TN [0 4.5

65.0010 14N170,4 <0.1
M+4 65.9939 SN18Q160, <0.1

65.9969 1SN180,160 11.9

65.9981 1SN0, <0.1

66.0011 SN170,'80 <0.1
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ESI-Orbitrap for isotopes — methodology

1 ) H
noMO exPe”ment miz Isotopologue Abundance Percentage
5N —MO——6 19884 N0 —989242 989
*0 62.9854 15N160, 3637 33.81
1?0
62.9926 14N17016Q, 1127 10.48
. — 63.9896 NG 4.1
2 ER - S R I R
= P PG
@ L G [P Iy 63.9926 14N18Q16Q, 5951 55.32
Q \ / | ,’I
|5 \ / ! J/ 63.9968 14N170,160 0.4
\\‘ ,t’ ' ,’I 1602
\\\ ,,’ :: /,’ ‘\|bu‘?’%<;u9§?%%"/l ’ Ifb@qﬁ@?{i e 64.9938 15N170,160 <01
\\l J'!’ rl f,/ "I ,’,, I,,”” 14N 160
62.2 63 64 65 66 67 68 65.0010 14N17Q, <0.1
m/z
1 65.9939 1SN18Q16Q, <0.1
Mass Range! 14N120).16Q
° 15N r 18 k k
O O peak as base pea 65.9981 BN1704 <0.1
66.0011 #NEE@NEE) <0.1
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Applications

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
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1. What is the ionization method for the Orbitrap?

2. Where can we fragment our molecule?
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Dual Inlet measurements of nitrate

‘M ) H :
0 experiment Quiality control: 1°N/1“N isotope ratio analysis

* Three nitrate reference materials Block  Descripfion  — Ratp o NN on i

avallable from USGS[ﬂ 1 Reference (USGS35) 0.00430—

2 Sample (USGS32) 0.00506 [>179.5
3 Reference (USGS35) 0.00430 ==

1 ” - 4 Sample (USGS32) 0.00506 +179.3 179.6 0.4

6"°Nar 6"Ovsmow Ovswmow 5 Reference (USGS35)  0.00430 ==

6 Sample (USGS32) 0.00506 [+180.1
USGS32 + 180 %o + 25.7 %o - 7 Reference (USGS35) 0.00430—

USGS34 - 1.8 %o - 27.9 %o - 14.8 %o

USGS35 +2.7 %o + 57.5 %o + 51.5 %o

R(15N/14N)

Reference = Sample Reference Sample Reference Sample Reference

0 10 20 30 40 50 60 70
time (min)

[1] Béhlke, J.K .; et al. Rapid Commun. Mass Spectrom., 2003, 17, p. 1835-1846.
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Referencing scheme for nitrate

Analysis of international standards for nitrate

* Isotope ratio data of ‘M0’ and ‘noMO’ experiments using N11 as a working standard:!["!

/

/

FSOVSMO\

USGS32
USGS34
USGS35

+ 180 %o

- 18 0/00
\+2.7 %(/

+ 25.7 %o

27.9 %o
\l-575°/}1

14.8 %o
\515%(/

N\

Isotope ratio data of six of nitrate’'s
most abundant isotopologues using
the In-Flow Injection setup.

[1] Bohlke, JK .; et al. Rapid Commun. Mass Spectrom., 2003, 17, p. 1835-1846.
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5(Isotopologue/M0) vs Ref. [%o]

200

150

171.8

—l— USGS35
—l— USGS32
uUSGS34

100
51.1 59.2
50
0 - -5.8 -6.8
=3
15
-27.7
-50 -
-58.4
-100 -82.1
-104.1
1 1 1 1 1 1
15N 170 180 15N180 170180 180180
vs. Air vs. VSMOW <+—— vys.N11 ———»




Nitrate analysis of environmental samples

‘M0’ experiment

1NN UAE Sabkha® %0180
10 4 Antarctica
80
Namibia
5+ u.sS.
Death Valley
60 -
Atacama
© eath Valley®a Atacama
._“é
o 40 -
©5- Death Valley
Namibia_/ UAE Sabkha
Death Valley
-10 - 20 -
-15 —
u.S.
Antarctica O
UL 1 1 7 T T T T T T T T I
-15 10 -5 0 5 10 0 20 40 60 80
0 expected

[2] Hilkert, A.; et al. Anal. Chem. 2021, 93, 9139-9148.
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80 100 Antarcticap  Dual Syringe Inlet methodology
«  Sample prep: “Dilute and Shoot”
°a . Dilution to 1uM (62 pg NO47uL) for high
salinity samples
' - Results 5N and 580
Death Valley - Precision: < 1%o
o | Namivia/® UAE sabkna - Difference Orbitrap — Expected: < 1%o
Death Valley
A leachate ) Takeaway
® brine - ESltolerates up to 100-fold CI-load
oJi/us
- groundwater
— T —— 1 — 1 ——7T1 . Ground waters diluted up to 1/500
0 20 40 60 80



Other oxyanions — sulfate and phosphate

Sulfate ionized as HSO,

Phosphate ionized as H,PO,
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_ 34g 180
2= =
o
- - = 2 H
o= T T T c
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Stable Isotope Analysis of Intact Oxyanions Using Electrospray

Quadrupole-Orbitrap Mass Spectrometry

Cajetan Neubauer,* Antoine Cremiere, Xingchen T. Wang, Nivedita Thiagarajan, Alex L. Sessions,
Jess F. Adkins, Nathan F. Dalleska, Alexandra V. Turchyn, Josephine A. Clegg, Annie Moradian,

Michael J. Sweredoski, Spiros D. Garbis, and John M. Eiler

I: I Read Online

Cite This: Anal Chem. 2020, 92, 3077-3085




Isotope mapping of sulfates

miz Isotopologue Abundance 325 150 O
Mo 96.9596 1H325160, 9408592 8| o I
1433Q16 348 . &S"'MOH
M+1 97.9590 H338160, 7427 8o OF \
363 -
97.9638 RS NED), 1433 L L O
M+2 98.9554 TH348760, 42084
98.9638 1H328180 160, 7632 ] 343
H 10 63 33g
1H 160, 59
1432 16 >
H32s 0, 9 - 180
1H05160, 145 R =S ¥
" 100, e O & F ——
. D’°39 qq?’ gf;?,
H328 1°0, 44 S TP T
| | | | | | |
97 08 99 100 101 102 103
miz
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Isotopes of Phosphate

35
- ¥y =0.94x + 20.35 T
L3041 A R?= (.98
=
o 25 4 ©
2 .
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=3 e -
] (o] ]
w 15 -
s oo
e 10 o
<
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£,18
m L] o] h
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o
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@ Day1
@ Day 2
@ Day 3
@ Day 4
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Figure 2. Proportional variations of three ions, including PO, (P'*0,~ m/z = 63, P'70'°0~ m/z = 64, P'*0'°0~ m/z = 65), PO, (P'*0," m/z =
79, P00, m/z = 80, P00, m/z = 81), and H,PO,~ ('"H,P'*0,~ m/z = 97, 'H,P'70'°0;™ m/z = 98, 'H,P**0'°0,™ m/z = 99) observed

at different collision energies in both PO;~ out of source fragmentation (A) and PO;~ out of HCD (B).

| H2p04'
P03'

| P02

analygilgidnistry

pubs.acs.org/ac

Oxygen Isotope Analysis of Nanomole Phosphate Using PO;~

Fragment in ESI-Orbitrap-MS

Zhenfei Wang, Shohei Hattori, Yongbo Peng,* Longchen Zhu, Zhao Wei, and Huiming Bao

Cite This: https://doi.org/10.1021/acs.analchem.3c03070

I: I Read Online




First results of methanesulfonic acid (MSA)

- MO
Q z
HyC—8—0 " 5
5 <
Fragmentation 24 9>
- MO

Intensity

O=Gi')=O
O
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© ° 240k Resolution
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Fragmentation of methanesulfonic acid (MSA)

>
")
~ 1 scan/s o
£
94
>
~ 10 scan/s §
=
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MSA using SO;" Fragment Paper

pubs.acs.org/ac

Triple Oxygen Isotope Analysis of Methanesulfonate Using the SO;~
Fragment in ESI-Orbitrap-MS

Yihang Hong, Longchen Zhu, Daniel R. Crocker, Tengyu Liu, Zhenfei Wang, Zhao Wei, Chen Yu,
Yu Wei, Hao Yan, David T. Johnston, Issaku E. Kohl, Yongbo Peng, Andreas Hilkert, Cajetan Neubauer,
and Shohei Hattori™

Cite This: Anal. Chem. 2025, 97, 14339-14348 I: I Read Online

- HCD Collision Energy ~60% (compared to 50% for PO5")

 Offline purification and separation to remove SO; contribution to
MSA 803_

* Murchison meteorite contains distinctly extraterrestrial isotope
signatures for 613C, 6D and A33S
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Fragment lon Proportion

0 10 20 30 40 50 60 65 70 80 90 100
B In-source Fragment Energy (V)

80%

60% S0,
" SOy
40% " CH,SO5

Fragment lon Proportion

20%

0% .
0 20 40 55 60 65 70 80 100 120 140 160 180 200
HCD Collision Energy(%)

Figure 2. Proportion variations of three ions of SO,~ [*2§'°0,™ (m/z
= 63.96245)], SO;~ [**$'°0;~ (m/z = 79.95736)], and CH,SO;~
[?C'H;%8'°0,~ (m/z = 94.98084)] under the different (A) in-source
fragmentation energy and (B) HCD collision energy conditions.




Acetate Isotopes on the Orbitrap
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Analytical Chemistry

pubs.acs.org/ac
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Simultaneous, High-Precision Measurements of §°H and §'°C in
Nanomole Quantities of Acetate Using Electrospray lonization-
Quadrupole-Orbitrap Mass Spectrometry
Elliott P. Mueller,® Alex L. Sessions, Peter E. Sauer, Gabriella M. Weiss, and John M. Eiler

Cite This: Anal. Chem. 2022, 94, 1092-1100

I: I Read Online
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Acetate Isotopes on the Orbitrap
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2.0
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Acetate lon Current (x108)

-20.5

Acetate 8C (%, VPDE)

21.0

=122

=
g R ———— - ! -------
s
= 152
4!
';j‘ B pubs.acs.org/ac
E 142
e Simultaneous, High-Precision Measurements of §°H and §'°C in
Nanomole Quantities of Acetate Using Electrospray lonization-
Figure 3: Five mixtures of organic acids containing different QuadrUPOIQ'Orbitrap Mass Spectrometry

ti f tat i t d but t ith k . " o ~ - . . .
g:fg:;élogzsl-lz;:s:saw‘zrir:ilz:l.?r:é:;ain:ty;aptelr‘:lacet:::n Elliott P. Mueller,® Alex L. Sessions, Peter E. Sauer, Gabriella M. Weiss, and John M. Eiler

standard. All mixtures had an absolute acetate concentration of . . .
\ . Cite This: Anal. Chem. 2022, 94, 1092-1100 Read Online
50 pM, yet acetate's SIC changed dramatically.
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Glutamic Acid Isotopes

3E+8 Mo o o o’ N
3¢ 180 C4HgNO"
HOJWLOH m/z84
L\_IH3 -H O
2E+8 < 2E+8 2
12~ 13-1, 14516
. c,Bc'H, N0,
£
§ 12¢ 1y, 5N, >
- 13 w
£ 15y 2 1315y c, 12¢ 1y 241N 160, 5] o -H,0 o 0
1E+8 4 Z 1F+8
5 & ® s s E 12¢ 131y 157160 HO i -0 HOJ\/\I/LOH
S & & & $f 4 10 4 NHy NHs
W > » & & & C4HaNO,* CsHigNO4*
124 1y 14p164 18
C;Hyy 'N70,70 m/z 102 m/z 148
2 13~ 1 14516,
II i ! C3 CZ HIG N 04
0E+0 . - . - . i - ] DE+0 I : || . N |
148 149 150 151 80 100 120 140

m/z

m/z

Figure 2. M52 mass spectrum with 70% NCE acquired with glutamic acid.
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2E+8 4
Hc
1&0 12cd1Hﬁ‘JﬂN 150(FIJ]
12 1311y 1dg,16
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A = - 12 131y 155116
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Figure 3. Isotopic pattern of fragment at m/z 84 at 90,000 resolution.

Thermo Fisher Scientific TNO03099
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Glutamic Acid Isotopes
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Alanine Isotopes

Table 1
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Details about different methods of position-specific isotope analysis (PSIA). Strengths and weaknesses of each type of PSIA are presented. It is important to note that
individual analytical goals and available resources are the overall determining factor for which method is best for a given project.

Method Measured Sensitivity Strengths Weaknesses Select References
species (nmaol)
Chemical or Conversion of 1005 Uses established IRMS methods, Many steps, requires derivatization, large sample [2-4]
enzymatic analyte to CO2 ability to constrain all positions size, long analysis times
degradation +
IEMS
Pyrolysis + IRMS Conversion of 100z Uses established IRMS methods, Many steps, requires derivatization, large sample [5-7]; Dias et al.
analyte to CO2 ability to constrain all positions size, long analysis times (2022)
NMER Intact molecule 20,000-300,000 Ability to constrain all positions, large sample size {100z of mmol) [2,10]; Rasmussen
non-destructive, derivatization not and Hoffman
required (2020)
Orbitrap-M5 Molecular ion, 1-10 Measures intact molecule, small Currently no on-line separation for ESl-Orbitrap, [13,14]; this study
fragment ions sample size, short analysis time, need for internationally recognized standards,
derivatization not required cannot access all positions without chemiecal

preparation
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Contents lists available at ScienceDirect
International Journal of Mass Spectrometry

journal homepage: www.elsevier.com/locate/ijms

Analysis of intramolecular carbon isotope distributions in alanine by

electrospray ionization Orbitrap mass spectrometry

Gabriella M. Weiss™> "', Alex L. Sessions *, Maxime Julien ““, Timothy Csernica ®,
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Alanine Isotopes
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Accuracy - Caffeine reference materials
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Position specific labels in reference materials
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Position specific isotope analysis (PSIA)
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PSIA of caffeine reference materials
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Vanillin data
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Methyl Phosphonic Acid
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Methyl Phosphonic Acid
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Carbon stable isotope analysis of PFAS sources

e . .
= Carbon isotope analysis of PFAS, PFOA and = | |
FTOH were acquired from multiple vendors o[&E = || :
and where possible, from multiple lots. — | ‘? | )
I ) I
| -
= There was variation in the carbon isotope | |
values among different compounds, 3 | | .
manufacturers, and batches. 2 : . =
= Ex. PFOA Syn §%C lots differed (-28.9 + | —
0.3%o, and, —=46.1 £ 0.7%o). s ! e
— |
= Variability among mean carbon isotope values =] E:
makes EA-IRMS a potentially powerful ” : %
tracking tool for PFAS contaminants. :é :
- | ot |
PFOA PFOS FTOH

Dombrowski et al (2025). Environmental Science & Technology
Letters https://doi.org/10.1021/acs.estlett.5c00021
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PFOA Carbon Isotope “Fingerprinting”

| RESEARCH ARTICLE

Stable Carbon Isotope Analysis of Perfluorooctanoic
Acid (PFOA) by Microflow-High Pressure Liquid
Chromatography-Orbitrap Mass Spectrometry

Paul K. Wojtal2 @ | Brett Davidheiser-Krol>@ | Chad S. Lane’2 @ | Ralph N. Mead2

ICenter for Marine Science, University of North Carolina Wilmington, Wilmington, North Carolina, USA | *Department of Earth and Ocean Sciences,
University of North Carolina Wilmington, Wilmington, North Carolina, USA | *Thermo Fisher Scientific, Bremen, Germany
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PFOS Fingerprinting
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Stable Carbon Isotope Analysis of PFOA and PFOS Using Orbitrap
Mass Spectrometry

Hiroto Kawashima,* Tomoha lezumi, Momoka Suto, and Sachi Taniyasu

Cite This: Environ. Sci. Technol. Lett. 2026, 13, 574-579 I:I Read Online
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Peak broadening with heart-cut setup

Can be:
Caffeine reference in MeOH + 0.1 % FA - Syringe
— Sample injected onto RPLC column * Additional pump

*  Autosampler
— MeOH + 0.1 % FA flushing the heart-cut loop

Waste

Can be anything with I
the correct volume:
Capillary
Loop
Mixer

N~

DAD

Tested so far:
RPLC
. HILIC

Kuhlbusch et al. ASMS 2023
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Peak broadening with heart-cut setup

» 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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HPLC Isotope Orbitrap Coupling

-
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Coupling Liquid Chromatography to Orbitrap Isotope Ratio Mass
Spectrometry: Overcoming Isotope Effects of Chromatography and
Amount-Dependency by Peak Homogenization

Aocife Canavan, Leonhard Prechtl, Habib Al-Ghoul, Nils Kuhlbusch, Andrea M. Erhardt,
and Martin Elsner®

Cite This: Anal. Chem. 2026, 98, 590-600 I: I Read Online

« Sulfamethoxazole as target compound
* 4 nmol of sample

* Reproducible compared to GC-IRMS within
1.5 and 0.9 of §"3C and 534S, respectively.
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Figure 1. Schematic overview of the coupled HPLC-ESI-Orbitrap-MS$
system for stable isotope analysis.
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Scheme 1. Target Fragments of Sulfamethoxazole after
Positive or Negative Electrospray Ionization Using Source
Fragmentation or HCD Fragmentation in the IRM
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Table 1. Instrument Settings Used for Each Fragment of
SMX

Fe4 Fo2 Fa9
polarity (+) negative negative positive
ion transfer tube temperature 320 320 320

(*C)
nominal Orbitrap resolution 30,000 90,000 90,000
AQT isolation window (m/z) 249.5-254.5 88.5-955  94-104
absolute AGC target (#) L5 x 10° L5 x 10° 15 x 10°
microscans (#) 10 10 10
RE lens (%) 100 100 100
maximum ion injection time 1000 1000 1000
(ms)
source fragmentation (yes/no) no yes yes
source fragmentation energy (V) - 45 40
HCD collison (yes/no) yes” no no

absolute HCD collision energy 40

“m/z 252 was selected as a precursor ion.




PSIA of cellulose and glucose by Orbitrap Mass
Spectrometry

Gluconate:
~5x ionization efficiency vs.
~ OH i CHZOH glucose, clear fragmentation
5 OH OH OH O
OH OH OH
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A PhD Stude
_ o
Thermo Q Exactive 13
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High-resolution MS N
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Independent observation of 81°C of 5 atomic positions in
glucose
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Position-specific 8'3C analysis of C3 and C4 glucose
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0.1 to 0.5%o precision on fragment
measurements of natural glucose

* Average 1.4%o precision on
calculated position-specific values

» Accurate to externally verified
values within precision

« Consumes < 50 ug glucose!

Position-Specific Carbon Isotope Analysis of Glucose at Natural
Isotope Abundance by Electrospray-lonization Orbitrap Mass
Spectrometry

Hannah Dion-Kirschner,” Celia Kong-Johnson, Kimberly R. Sharp, Nathan Dalleska, John M. Eiler,

and Alex L. Sessions

Cite This: Anal. Chem. 2026, 98, 915-926 I: I Read Online



Unique intramolecular 3C patterns in gymnosperm
and angiosperm cellulose
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FAME Analysis

ACS Partner Journal

_l Journal of the American Society for

|_ B Mass Spectrometry
This article is licensed under CC-BY 4.0 @ @
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Advancing Stable Isotope Analysis with Orbitrap-MS for Fatty Acid
Methyl Esters and Complex Lipid Matrices

Gabriel F. dos Santos,™ Giovanni B. Bevilaqua, Alexis Gilbert, Hugo G. Machado, Maxime Julien,
Gesiane S. Lima, Nerilson M. Lima, Julio C. O. Ribeiro, Alexandre A. Ferreira, Ygor S. Rocha,
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‘igure 2. Comparison of §'>C values for stearic acid methyl ester standards obtained using Dual Inlet and HPLC ESI-Orbitrap MS. 5'*C values for
M + H]" and [M + Na]" ions, showing deviations from the GC-C-IRMS measurements. Error bars represent standard deviations across replicates.

taylor.graham@thermofisher.com | 7 June 2026 | ASITA 2026 \dditionally, a summary of MAEs and average deviations for each ionization pathway are shown.
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Lessons Learned in Orbitrap MS-Based Isotope Ratio Analysis of
Organic Acid Mixtures

Hugo G. Machado,* Elliott P. Mueller, Jalio C. O. Ribeiro, Giovanni B. Bevilaqua, Gabriel F. dos Santos,
Alexandre A. Ferreira, Ygor S. Rocha, Surjyendu Bhattacharjee, John M. Eiler, and Boniek Gontijo*

Cite This: Anal. Chem. 2026, 98, 9764-9775 I: I Read Online
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Neonicotinoids Fingerprinting

Journal of the American Society for
Mass Spectrometry

pubs.acs.org/jasms

Toward Molecular Forensics of Agrochemicals with Orbitrap IRMS:
Isotopic Fingerprints of Imidacloprid Sources and Elucidating
Hydrolysis

Felix Niemann, Nils J. Kuhlbusch, Annika (Gruhlke, Sarah P. Rockel, Robert G. H. Marks, Klaus Kerpen,
Milen Nachev, Maik A. Jochmann,* Andreas Hilkert, and Torsten C. Schmidt

I: I Read Online

Cite This: https://doi.org/10.1021/jasms.5c00444

* 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.
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Perchlorate
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Sub-10 Nanomole Perchlorate 6°’Cl, 6’0, and A0 Measurements
by ESI-Orbitrap-MS
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Demo Lab at CU Boulder

Orbitrap 240 with Vanquish Neo UHPLC
* Thermo Fisher: Brett Davidheiser
Pls: Sebastian Kopf and Cajetan Neubauer

Post Doc: Kristyna Kantnerova (now Assistant
Prof at UCT Prague)
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2"d Annual User Meeting July 11th and 12t" at Goldschmidt

geochemical ‘) EAG My Goldschmidt

n .
- Mg society
GOLDSCHMIDT
2026

A Home Second Annual International Orbitrap-IRMS Users Meeting

Program by Day
* U] £ saturday, 11 July 2026

Program Overview o
@ 08:30 -17:00

=]
2 Exhibitors

£ sunday, 12 July 2026
s
f1% Program by Theme @ 08:30 - 17:00

+: Program Highlights o

W Early Career © Theme: Science Workshops

-a- Registration

@ ElEEaas o Description

e 2T The use of Orbitrap-based mass spectrometry for stable isotope analysis ("Orbitrap-IRMS') has grown significantly over the past ~10 years, and we expect that it will only

¢0d Conference Format continue to grow. Following upen the success of our inaugural meeting at Goldschmidt 2025, our second meeting at Goldschmidt 2026 aims to continue the development of a
more formal Community of Practice among Orbitrap-IRMS users (and those interested in adopting the technology). We thus seek participation from individuals at all career

@ General Information o stages and particularly encourage early- and mid-career scientists to attend.

G My Goldschmidt This two-day workshop will consist of a brief introduction to Orbitrap-based mass spectrometry for isotope analysis, followed by oral presentations and posters interleaved with
moderated discussion sessions. These sessions will focus primarily on scientific results but will also include topics like new analytical methods, interlaboratory comparisons,

(= Sign out data processing, etc. The workshop will culminate with a discussion led by the organizers at the end of the second day. In this ‘synthesis discussion’, we will revisit and

9 Technical Support summarize the preceding two days’ events, solicit feedback for improvement and suggestions for next year's follow-on meeting, identify community ‘needs’ and ‘wants’, and
select 1-2 new co-convenors who will work with one of us to organize and plan the following meeting at Goldschmidt 2027. We anticipate that this workshop will lead to new
Click g9 to add an item to "My collaborations among not only the current Orbitrap-IRMS users but also those interested in entering the field. Ultimately, we aim to initiate a self-perpetuating, community-
Schedule’. driven meeting that recurs annually for the first few years before transitioning to a bi-annual cadence.

Click 9y to addfremove an item to "My

Eavorites’ Oral presentations will be by invitation only, but those who wish to present original research are encouraged to bring a poster. We welcome contributions that present scientific
avornes .

results, scientific works-in-progress, novel methodological approaches and/for instrument adaptations, and "lessons learned” that touch on these or any other related Orbitrap-
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Other Things to Watch

ESI-Orbitrap-IRMS Analysis of Free Metabolites for Early Breast Cancer Detection and

Insight into Metabolic Mechanisms
POSTER

Presented by Simon Andren

£ Wednesday, 9 July 2025
@ 10:30-12:30
9 Exhibit and Poster Hall {2nd and 3rd Floors, Prague Congress Cenire)

Subsession: 06i-P1 - Technological innovations and methodological advances in isotope geochemistry and isotope ratio mass spectrometry
Session: 06i - Technological innovations and methodological advances in isotope geochemistry and isotope ratio mass spectrometry

Theme: Theme 06: Frontiers in Analyiical and Computational Technigues

Abstract

Cancer cells rewire their metabolism as they proliferate, altering pathway acfivities and metabolite quantities. Isotopic analysis of metabolites in blood plasma could thus work
as a non-invasive detection method and, in tissue, provide insight into the cancer metabolic network. Studies have shown cancerous cells to be 'N-depleted and "*C-enriched
relative to adjacent non-cancerous cells[1]; however, primary isotopic anomalies occur at atomic sites undergoing bond-breaking and are not fully expressed in molecular
average or bulk isotope analysis. With the advent of Orbitrap-IRMS, site-specific isotope analysis (SSIA) is now possible, which targets the atomic sites in the individual
metabolites that experience the isotopic effect from the metabolically dysregulated reaction.

In this study, we focus on two metabolic hallmarks of breast cancer metabolism: the Warburg effect and glutamine addiction. We aim to determine whether SS1A of 22 in free
metabolites of Lactate and Alanine, and "®N in free metabolites of Glutamine, and Arginine can serve as reliable biomarkers for breast cancer and whether specific isotopic
patterns are unigue for certain subtypes of breast cancer. Our approach involves three distinct stages: sample purification using reverse-phase HPLC and IC fraction collection,
ESl-orbitrap-IRMS measurements, and data processing following the mathematical framework for isotomics. Preliminary quantification from the HPLC of these metabolites in
the tissue samples reveals significant differences in cancerous versus adjacent healthy tissue, with cancerous tissues showing multi-fold higher concentrations, along with
inter-cancer subtype variations. Using ESI-Orbitrap-IRMS, we achieve sub-permille accuracy on the molecular average for glutamine and approximately 1 permille accuracy for
lactate on pure standards, verified by EA measurements. Future work will focus on sample puriiication and verifying the accuracy of SSIA before measuring biological samples.
This study continues the work of SS1A on small quantities of polar organic molecules present in complex matrices. Reliable measurements of the intra-molecular isotopic
fingerprints of these metabolites can provide valuable insight into the metabolic mechanisms that sustain cancer cell survival and can be used as a novel breast cancer
diagnostic tool.

[1] Tea, I. ef al. 13C and 15N natural isotope abundance reflects breast cancer cell metabolism. Sci. Rep. 6, 34251 (2016)
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PFAS
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Chemical Formula: CgHF 50,
Exact Mass: 413.97370

PFOS

1763-23-1
Chemical Formula: CgHF{705S
Exact Mass: 499.93749
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0
F7< F  OH
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F 0 F7HI\OH
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Chemical Formula: C4HF-0,
Exact Mass: 213.98648
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Exact Mass: 113.99286

Exact Mass: 184.98374 E F F F E
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Chemical Formula: F F F
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ThermoFisher

SCIENTIFIC

13252-13-6 Chemical Formula: C;HF,0,°
E FE FO Exact Mass: 144.99127
W\ _OH . .
F%(S\( HFPO-DA in-source fragmentation very common
7 F O ©
PFBS
375-73-5

Chemical Formula: C4HF¢O5S
Exact Mass: 299.95027
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Outlook: Position Specific Isotope Analysis (PSIA)

Vanillin Threonine
« Fragmentation patternl® defines PSIA targets «  Fragmentation pattern [’ defines PSIA targets
* Dual Inlet - Zero Enrichment (35 min) * Dual Inlet - Zero Enrichment (24 min)
_ —+H"*
CHO
- +
OH O 13Cbu|k + 06 %0
OCH;4 13C, 1 = 0.5 %o ch)\)kOH ;5N t 2 %o
- m/Z _ 153_ 2Hbu|k +5 %O | +NH3 ] 1Hbulk +3 %0
8Opyik % 2 %o m/z = 120 "Opui £ 1 %e
'g8o 13Cc_1 + 09 %0 'HZO
13Cc_2,3,4 i 06 %o _CO
-46
- —+H* - -+ S + 2.5%
Op-on e ?Heanen £ 3 %o
. —+ - +
- CH, CH,
-CH,OH . - B
OCH34 -32 HO | -H,0 T
i | i 1 i NHy | -18 L
mlz = 125 m/z = 93 mi/z =74 m/z = 56

[6] ShenY.; et al. J. Dairy Sci., 2014, 97, 679-686.
[7] Zhang P.; et al. Sci. Rep., 2019, 9, 6453.
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Future Frontiers

- PFAS

* Online HPLC methods
 Glucose

Nils Kuhlbusch §
|

&
L

b

;L
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ComprehenSive IRMS Of SUIfates SCIENTIFIC
* Dual Inlet experiment: Reference: S-3477 (Working Standard)
Sample: S-MIF-1, S-MIF-2

« Measured Isotope Data:

40.9 —i— SMIF-1
« Reported isotope data:l’! 10 —8— SMIF-2
S-3477 X [%d  S-MIF1 &% [%g  S-MIF2 &*%X [%d] =
33S  (3.33) 335  14.81 335 2242 &
348 648 34S 1026 34S 2153 % 22.2 21.1
36S (1235) 36S 1947 36S 4073 T 20- o 17.8
170 (8.77) 170 na 170 na g
180 13.02 180 na 180 na S
2 14.4
A33 na(0)  A33 9.54  A33 11.39 < 10.1
A36 na(0)  A36 014  A36 --0.33 &
£17 na(0)  A17 33 A17 3.3 ] 0
o
3
Samples provided by Joel Savarino ©
Institut des Géosciences de 20 -
'Environnement/CNRS -19.5
1 | 1 | 1 | | | | |
33S 34S 36S 170 180 345170 335180 345180 170180 180180

[3] Geng L.; etal. J. Anal. At. Spectrom., 2019, 34, 1263-1271.
tayl8Fgraham@! hermBfishar 63 | #2rdHEer398 3 AARTAA 93 Preliminary results - unpublished data
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Comprehensive IRMS of methanesulfonic acid (MSA)

« Easy access to test new hypotheses

Summary: Oxidation of MSA likely largely impacts A170(S042).

A'O(S0+?) reflects the oxidantion chemistry involved in sulfate formation
—» Those preserved in Antarctic ice cores might tell the past oxidants chemistry? But there is an unexplained gap between ice and air.

OH, H;0;
AVO(SO&) = ~0%.
DMS e — 170 = ~1.5% i
(Dimethyl sulfide; > SO0z e RS S0 V::W s::,c: a,:: : O::SO 2)
y 17 "
CHJSCHS) A"O(SOg:l' ey values in aerosols at inland Antarctica, which o
\\ / coincided with MSA decrease in the atmosphere. | |
AVO(SO* )= ~12%. —> MSA is likely oxidized into sulfate with very —_—
MSA based , = high A"70(SO«*). H3C S OH

(Methanesulfonate /
Methanesulfonic acid;
CH;S0;7)

e e 2o | AT70 = ~3.0%. in ice cores
- MSA -------e-- » SOF ———

MSA is known to be lost in snow. —» possibly explains the gap between
Antarctic ice sheet A0O(SO+) in ice and aerosols.

Ishino et al. 2021 JGkoA Ishino presentation at IGAC2021

[4] Ishino S.; et al. J. Geophys. Res. Atmos., 2021, 126 (6).
[5] Wang K_; et al. Atmos. Chem. Phys., 2021, 21, 8357-8376.
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Analysis of two MSA samples

‘noMO0’ experiments:

- Dual Inlet analysis of two MSA samples vs a working standard (Sigma-Aldrich)
« 3x70 min runs = error bars - st. dev. of the 3 runs

40
20 |_m— msa1
1 L\ —il— MSA2
21.9 30.5
—~ 20 4 i
X 18.3 =
9 I 11.4
2 0-
<)
=
S~
S -19.6
& -20 - =
o
Q.
(@)
g -27.8
© -40 A
60 -54.1
I I I I I I . . .
345 180 170 33S 36S 345180 Samples provided by Shohei Hattori

Tokyo Tech & Nanjing
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Groundwater Sample Table

Table S2. Sample descriptions and isotopic data (non-Orbitrap).

NO3- NO3- NO3- NO3- cl-/ soa=/
Lab ID Sample name Sample type 815N 6180 6170 A170 NO3- NO3- NO3- Sample description
per mil per mil per mil permil mM M/M M/M

Reference materials

USGS32 USGS32 KNO3 ref. 180.0 253 130 -0.2 n/a n/a nf/a Bohlkeetal. (1993)
USGS34 USGS34 KNOS3 ref. -1.8 -27.8 -148 -0.3 n/a nfa nfa Bohlke etal. (2003)
USGS35 USGS35 NaNO3 ref. 27 56.8 511 216 n/a n/a n/a Bohlkeetal. (2003)
N11 N11 KNOS3 ref. 36 263 135 -0.2 nfa n/a n/a

Desert salts

N-14362 Atacama soil leachate 0.0 551 498 212 439 1.87 1.53 Jackson etal. (2010)
N-13315 Death Valley soil leachate 35 242 207 8.1 56.6 n/a nfa Jackson etal. (2010)
N-14685 Death Valley soil leachate -08 343 308 13.0 23.7 139 2.29 Jackson etal. (2010)

N-16854 Namibia brine 9.1 286 210 6.1 35.8 103 2.05 Jackson etal. (2015)
N-17499 Antarctica soil leachate -16.2 825 745 316 864 n/a n/a Jacksonetal. (2015)
N-13825 UAE sabkha brine 106 322 255 8.7 173.0 40.3 0.02 Jackson etal. (2015)
Fresh groundwater

N-13993 New Mexico groundwater 6.8 0.7 0.4 0.1 0.52 33.1 20.1 Jackson etal. (2010)
N-17008 California groundwater 7.7 3.6 33 1.4 1.04 036 0.22 Izbickietal. (2015)
N-13819 New York groundwater 7.3 35 18 0.0 0.50 0.63 0.50 Bohlke etal.(2009)
N-10177 Maryland groundwater 2.7 15 0.8 0.0 1.26 0.30 0.19 Bohlke and Denver (1995)

Reference materials as AgNO3

N-15038-Ag USGS34 AgNO3 ref. 20 -279 -149 -03 n/a n/a n/a Bohlke etal. (2003)
N-15039-Ag USGS35 AgNOS3 ref. 25 56.0 507 216 n/a n/a nf/a Bohlke et al. (2003)
N-15037-Ag N11 AgNO3 ref. 33 256 131 -0.2 nfa n/a n/a

Desert salts as AgNO3

N-14362-Ag Atacama AgNO3 -0.2 543 494 212 n/fa n/a n/a Jackson etal. (2010)
N-13315-Ag Death Valley AgNO3 29 231 201 8.1 n/a n/a n/a Jackson etal.(2010)
N-14685-Ag Death Valley AgNO3 06 330 302 130 nfa n/a n/a Jackson etal. (2010)
N-16854-Ag Namibia AgNO3 88 272 203 6.1 n/a nfa n/a Jackson etal. (2015)
N-17499-Ag  Antarctica AgNO3 -164 808 736 316 n/a n/a nfa Jackson etal. (2015)
N-13825-Ag UAE sabkha AgNO3 103 313 250 8.7 n/a nfa nfa Jackson etal. (2015)
Fresh groundwater as AgNO3

N-13993-Ag New Mexico AgNO3 6.5 0.7 0.5 0.1 n/fa nfa nfa Jackson etal.(2010)
N-17008-Ag California AgNO3 7.6 33 31 14 nfa nfa n/a lzbickietal. (2015)

[2] Hilkert, A.; et al. Anal. Chem. 2021, 93, 9139-9148, S| Table.

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



ThermoFisher
SCIENTIFIC

10 reasons to use Orbitrap Exploris Isotope Solutions

10x less sample
preparation, e.g. by
avoiding time consuming
(and error-inducing) microbial
processing, wet chemistry
and mineral precipitation

Direct
measurements of
individual analytes
in liquid samples
without chemical
derivatization or
conversion

10 reasons to use Orbitrap Exploris Isotope Solutions
Expand your isotope research

Intramolecular isotopic information is important as it can provide a better
understanding of the processes of molecule formation and provide new
geochemical proxies for understanding the world around us. Current
technology for deriving intramolecular isotopic information is restricted
either by large sample sizes, long analysis times or limited applicability
across a range of sample types. The powerful, new Thermo Scientific™
Orbitrap Exploris™ Isotope Solutions for natural abundance isotope ratio
analysis opens new dimensions for deriving intramolecular isotopic
information. Explore why!

10x more
productivity,
faster analysis
by eliminating
several
sample
introduction
systems and
multiple IRMS
systems from
the workflow

Analysis of intact
molecules using soft
electrospray ionization

Reduced sample
sizes due to
increased sensitivity
compared to
classical IRMS
approaches

Simultaneous acquisition of
all major and some minor
isotopologues by high-resolution

Orbitrap Exploris Isotope Solutions accurate mass IRMS

— - ez
= Extraction of accurate
isotopic information
from singly- and multi-
substituted isotopologues
utilizing methodology for
amplifying signals from minor
isotopologues

| |||||i|| T

Utilization of proven Automation of sample

Thermo Scientific™ Orbitrap
Exploris™ 120 MS:
the ultimate workhorse for
isotope ratio analysis of
oxyanions and small
organic molecules
(<100 m/z)

Learn more at

Thermo Scientific™ Orbitrap
Exploris™ 240 MS:
the instrument of choice for
isotope ratio analysis of
oxyanions and medium sized
organic molecules (<200 m/z)

Thermo Scientific™ Orbitrap
Exploris™ 480 MS:

for customers wanting to push

the boundaries of isotope
research of oxyanions and
large organic molecules such
metabolites (<200 myz)

For Research Use Only. Not for use in diagnostic procedures. © 2022 Thermo Fisher Scientific Inc. ANl rights reserved.
All trademarks are the progerty of Thermo Fisher Sclentific and its subsidiaries unless otherwise specified. INOO1436 09225
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Position specific isotope
information from
functional groups through
controlled fragmentation of
molecular ions

Dual Inlet principles
for determination of
accurate isotope ratios
of unknown samples
relative to a reference

introduction by coupling
the Orbitrap Exploris
Isotope Solutions to Thermo
Scientific™ Vanguish™ Neo
UHPLC system

thermo scientific
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