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Priority and unknown 
compound identification in 
industrial stack particulate 



HRAM for Volatile / Semi-volatile analysis
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Resolution and Mass accuracy:

Why is it important?
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• Selectivity: 

• Matrix interference is greatly reduced

• Avoid interference between ions of the same 

compound (e.g. fine isotopic structure)

Diphenylamine 

C12H11N 

m/z = 169.0886

• Accurate mass

• Narrow mass peak allows more accurate mass 

position on the m/z scale - critical for elemental 

composition determination of a compound

• Resolve ions with similar m/z

Diphenylamine 

R240K

169.08870

0.56 ppm

R120K

169.08879

1.10 ppm

R30K

169.08752

-6.38 ppm

R60K

169.08756

-6.18 ppm

Orbitrap Technology mass error ≤ 1 ppm



Thermo Scientific  Compound Discoverer  Software 
workflow:
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Full-Scan 

acquisition EI

Putative 

identification

Multivariate 

statistical analysis

Molecular ion 

identification

Structural 

elucidation



GC ionization modes
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Chemical Ionization (CI)
Positive (PCI)  

Negative (NCI)

Electron Ionization (EI)

Thermo Scientific  

NeverVent  technology

• Sensitive

• Non-selective

• Hard ionization 

• Reagent gas (CH4) 

used to ionize analyte 

• Soft ionization

• Selective sensitivity

Thermo Scientific  

Extractabrite ion source 



Monitoring of industrial stack particulate
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• Needed for environmental protection

• Regulatory check for industrial operations

• Energy

• Waste management

• Heavy manufacturing

PAHs

PCDD/Fs

???

• Emissions will be industry dependent

• High temp conditions produce several priority 

contaminants 

• Polyaromatic hydrocarbons (PAHs)

• Polychlorinated dibenzodioxins/furans (PCDD/Fs)

• Unknown pollutants will also be formed through chemical 

reactions/transformations under high heat conditions



Identification of Priority pollutants in stack particulate 

7

PAHs

Identification through HRAM libraries 

with < 1 ppm mass error (ΔMass) 

• Phenanthrene

Additional PAHs identified

• Naphthalene (Δmass: 0.19 ppm) 

• Flourene (Δmass: 0.30 ppm) 

• Pyrene (Δmass: 0.36 ppm) 
In

te
n

s
it
y
 [
c
o

u
n

ts
] 
(1

0
^6

)

126.04656

126.04642

63.02299

63.02285

75.02301

75.02294

88.03069

88.03073

151.05449

151.05417

150.04671

150.04636

177.06970

177.06987

152.06218
179.08115

179.08092
152.06200

176.06226

176.06200

178.07776

60 80 100 120 140 160 180

m/z

-100

-50

0

50

100

Sample spectra

GC-Orbitrap HRAM 

Contaminants Library v1.5

Phenanthrene C14 H10 [M-e]+1

178.07761



Identification of chlorinated-PAH analogs
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EI workflow with NIST 2023 library

+ Cl2

Heat

Sample 1

Sample 2 74.01505

149.0000074.00000

149.03854

87.00000

87.02293

215.00000

106.00000

174.00000

106.01915

151.00000
150.00000

151.05417

88.00000

150.04636
213.04213

177.00000

88.03073

213.00000

177.06987

176.00000

214.03587

214.00000

176.06200

212.00000

212.03864

C14 H9 Cl [M-e]+1

50 100 150 200

m/z

-4

-3

-2

-1

0

1

2

3

4

174.04639

In
te

n
s
it
y
 [

c
o
u
n
ts

] 
(1

0
^6

)

In
te

n
s
it
y
 [

c
o
u
n
ts

] 
(1

0
^3

)

Sample spectra

NIST 2023

library spectra

In
te

n
s
it
y
 [

c
o
u
n
ts

] 
(1

0
^3

)

A

9-chlorophenanthrene

Sample 1

Sample 2

Search index (SI): 848

ΔMass: 0.44 ppm

1-chloropyrene and several 

monochlorinated anthracene 

analogues also identified



GC ionization modes - Diazinon
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Chlorinated-PAH isomers
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Structural isomers identified using 

molecular ion in CI workflow

Electron impact 
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Identification of halogenated POPs
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PCDFs

• Incineration byproduct from 

organochlorine compounds.

• Several matches to 2,8-

dichlorodibenzofuran were identified 

from NIST with Δmass = 0.2 ppm

• Indicates several congeners are present 
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Pattern scoring with chemical ionization
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Isotopic pattern matching



Pattern scoring with chemical ionization
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Isotopic pattern matching

240.9811

238.9840

277.0180

[M+C3H5]+1

265.0183

[M+C2H5]+1

236.9868

[M+H]+1

240 250 260 270 280

m/z

0

10

20

30

40

50

60

In
te

n
si

ty
 [

co
u

n
ts

] 
(1

0
^

3
)

Molecular ion

Adduct ions

70

In
te

n
si

ty
 [

co
u

n
ts

] 
1

0
^3

235.9788

[M-e]+1

Cl2 isotope 

pattern

239.9871
237.9904

240.9811

238.9840

236.9868

[M+H]+1

236 237 238 239 240 241

m/z

0

10

20

30

40

50

60

70

Sfit (pattern similarity) score: 92% 

Pattern Coverage (intensity similarity) scores: 100 %



In summary
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• Mass resolution of Orbitrap technology advantageous for identification of volatile and semi-volatile 

compounds

• EI fragmentation provides a unique and reliable fingerprint for identification through spectral libraries

• MS2 in most cases is not needed.

• Identification of several priority pollutants (PAHs, PCDFs) at sub ppm mass accuracy reduces the number of 

potential chemical annotations helping aid compound identification

• NeverVent technology provides rapid switching between complimentary ionization techniques of EI 

and CI for confirmation of molecular ion

• Use of EI and CI data together in CD software and its various nodes provides high accuracy and 

surety in compound identification
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Questions?

Thank you
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