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EAD provides more structural information than CID

PERFLUOROBUTANE SULFONAMIDO PROPYL DIMETHYL QUATERNARY AMINE PROPANOATE

EAD KE = 10eV 

CID CE = 35±15V
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Outline

• Aqueous film forming foam (AFFF) is complex mixture of PFAS 

compounds, poorly understood

• SCIEX 7600 ZenoTOF system has alternative fragmentation mechanism, 

electron activated disassociation (EAD) 

• EAD fragmentation is “softer” than traditional CID, provides additional 

structural information

• Application of EAD fragmentation to AFFF sample 
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Early awareness of PFAS in AFFF

RUO-MKT-11-14729-A

Novel 2001 paper from Analytical Chemistry

• PFAS in Etobicoke Creek near Pearson Airport (Toronto, ON)

• 22,000 L spill of AFFF

• Total PFAS measured using 19F NMR

• PFOS, PFHxS, PFOA by LC-MS/MS
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Introduction: characterizing PFAS in AFFF

AFFF is more complex than only 

PFOS & PFOA!

Contains >40 classes of PFAS; some 

classes can degrade to 

perfluorinated carboxylates & 

sulfonates

High-resolution mass spectrometry 

used to identify novel PFAS classes

Mass spectral libraries are built to 

aid compound identification
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Introduction: characterizing PFAS in AFFF

RUO-MKT-11-14729-A

Source: D’Agostino & Mabury. Environ. 
Sci. Technol. 2014, 48(10): 121-129

Unique AFFF-derived PFAS 
contain perfluorinated tail and 
complex alkyl headgroups
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Introduction: characterizing PFAS in AFFF

RUO-MKT-11-14729-ASource: Ruyle et al. Environ. Sci. Technol. Lett. 2021, 8: 59-65

• Targeted LC-MS/MS methods poorly quantify PFAS 

in AFFF

• Majority of “unknown” PFAS are precursors to 

perfluorinated acids
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Unknown PFAS in an AFFF-impacted environment
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Source: Koch et al. Chemosphere 2021, 276: 130179

• AFFF-contaminated pond

• Total fluorine (TF), extractable 

organic fluorine (EOF), targeted 

analysis, suspect screening

• 42-58% of EOF in pond water not 

explained by targeted analysis

• Non-target analysis needed to 

understand PFAS 

environmental burden
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Characterization of environmental samples

Chromatography

RPLC

HILIC

SEC
GC

GCx

GC

LCx

LC

Spectroscopy

IR

UVNMR

Tandem mass 

spectrometry

CID

ECD

EI

Ion mobility 

spectrometry

DMSTIMS

cIM
Analytical tools for 

the 

characterization of 

environmental 

samples

EAD
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• ZenoTOF 7600 system combines the flexibility of 

multiple fragmentation options

• High sensitivity MS/MS with 

the ZenoTOF 7600 system

• SCIEX OS software provides an intuitive 

workflow interface for easy acquisition and data 

processing

QUALITATIVE FLEXIBILITY COMBINED WITH QUANTITATIVE POWER

ZenoTOF 7600 system

RUO-MKT-11-14729-A



11 © 2022 DH Tech. Dev. Pte. Ltd.

HARDWARE ADVANCEMENTS

ZenoTOF 7600 system

Wide dynamic range

• 5GHz, 10bit ADC with 

40GHz TDC timing with 25 

psec detection rate. High 

speed pulse counting to 

maintain resolution and 

mass accuracy >130Hz and 

over 5 orders LDR

Complementary fragmentation with 

increased sensitivity using the 

EAD cell

New

New

New Q0 design for 
improved ion transmission 

and maintenance

New

Zeno trap

Improved MS/MS 

duty cycle gain ≥90%

New
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Step 1: selection of analyte 

ion in Q1 (215 m/z)

Step 2: 

fragmentation in 

EAD cell with 

optimized KE

150 m/z

215 m/z

275 m/z

315 m/z

Exp 1

185 m/z

193 m/z

205 m/z

215 m/z

Exp 2

Step 3: ions enter the TOF 

analyzer and make their 

way to the detector 

Step 2: ions travel 

through Q2

-

-

-

Electrons 
Step 3: Zeno 

trap stores all 

fragment ions

RUO-MKT-11-14729-A
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Electron activated dissociation (EAD)

• Free electrons are captured by ions and form 

a radical state which then fragments

‒ Electrons introduced with different energies will 

induce fragmentation in different molecule types

T. Baba et al. Anal.Chem. 2014
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CID vs EAD 
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Ramping the kinetic energy 

ECD Hot ECD EIEIO

58

414

369
354

414

58
102 336

354

369

414

5:3 FTB
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Ramping the kinetic energy 

ECD Hot ECD EIEIO

5:3 FTB

RUO-MKT-11-14729-A



17 © 2022 DH Tech. Dev. Pte. Ltd.

Where does EAD become useful? 

CE 10-20V CE 30-40V CE 50-60V

Fragments Formula

432.0827 (Parent) C12H14F12NO2
+

58.0651 C3H8N
+

RUO-MKT-11-14729-A

Using CID

5:1:2 FTB
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Where does EAD become useful? 

C3F5
+

(1.7 ppm)

C10H10F12N
+

(4.3 ppm)
KE 12eV

C10H10F12N
+

(2.9 ppm)

C4F7
+

(0.6 ppm)

C3F5
+

(0.3 ppm)

C3HF4
+

(0.2 ppm)

49.9968
CF2

(-0.13 ppm)

KE 16eV

C4HF6
+

(5.4 ppm)

49.9968
CF2

(-0.13 ppm)

CF3
+

(6.2 ppm)

5:1:2 FTB

C3H8N
+

(0.5 ppm) C5HF8
+

(6.7 ppm)

49.9968
CF2

(-0.13 ppm)

49.9967
CF2

(-2.0 ppm)

C6HF10
+

(2.3 ppm)

*summed peaks from KE 25 eV

* *

C2F4
+

(0.8 ppm)

C11H13F12N
+

(1.4 ppm)
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Calculated fragments 

formulas CID EAD

C12H14F12NO2
+ (Parent)

C11H13F12N
+

C10H10F12N
+

C6HF10
+

C5HF8
+

C4F7
+

C4HF6
+

C3F5
+

C3HF4
+

C3H8F12NO+

C2F4
+

CF3
+

C3H8N
+

C3H8N
+

5:1:2 FTB

Where does EAD become useful? 
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Analyzing AFFF with EAD

PERFLUOROBUTANE SULFONAMIDO PROPYL DIMETHYL QUATERNARY AMINE PROPANOATE

EAD KE = 10eV 

CID CE = 35±15V

C11H17F9N2O2S
+

(4.9 ppm)

C12H18F9N2O3S
+

(4.9 ppm)

C8H18N2O3S
+

(5.9 ppm)
C4F7

+

(2.6 ppm)
C4H12N2O2S

+

(5.9 ppm)

Parent 
mass error 

0.8 ppm

Parent 
mass error 

0.9 ppm
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Querying EAD MS/MS spectra

1

2

3
4

5

6

7

8
9

Each feature must contain 
two fragments that differ by 

49.9968 m/z
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Future work 

Next steps:

• Negative mode

• Structural elucidation 
workflows

• Identify fragments unique to 
PFAS compounds/classes  

RUO-MKT-11-14729-A
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Conclusions

• EAD fragmentation is an alternative to traditional CID

• EAD forms additional, diagnostic fragments that can be useful for 

structural elucidation of AFFF-derived PFAS

• Emerging technology with significant application in unknown screening of 

many environmental contaminants 
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Trademarks/licensing

The SCIEX clinical diagnostic portfolio is For In Vitro Diagnostic Use. Rx 

Only. Product(s) not available in all countries. For information on 

availability, please contact your local sales representative or refer to 

www.sciex.com/diagnostics. All other products are For Research Use Only. 

Not for use in Diagnostic Procedures.

Trademarks and/or registered trademarks mentioned herein, including 

associated logos, are the property of AB Sciex Pte. Ltd. or their respective 

owners in the United States and/or certain other countries (see 

www.sciex.com/trademarks).
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