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GCxGC
Options

Plastic-Derived Pyrolysis Oil Samples

Polyethylene/polypropylene pyrolysis oil samples were taken on different dates

from a variety of points along the process stream.

Condenser Line Product Tank Collection Tank

(CL) (LT) (CT)

* Process line * Sample goes e Samples are
from unit to here from put in various
production unit before collection
tank collection tanks after

e Cleanest tanks product tank
sample 5 * Variable

sample type
\_ J \_ J ¢ \_ J

LECO

e Bottom-of-
the-barrel
collection
tank

* Heavy and
full of
particulates
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GCxGC
Options

Features

Modulator
Secondary Ovene
Max Acquisition Rate
Mass Range

Mass Resolution
Chemical lonization

Software Platform

LECO

Choosing a GCxGC system

QuadlJet SD (FID)

Quad-Jet Thermal

Yes

500 spectra/s

ChromaTOF SD

Pegasus BT 4D

Quad-Jet Thermal; FLUX
Yes

500 spectra/s

10-1500 m/z

1000 (better-than-nominal)
No

ChromaTOF 5 BT

Pegasus HRT+ 4D

Quad-Jet Thermal

Yes

200 spectra/s

10-1500 m/z

25,000 HR/ 50,000 UHR

Yes, PCl and ECNI (with MMS)

ChromaTOF 5 HRT
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GCxGC
Options

Features

Modulator
Secondary Ovene
Max Acquisition Rate
Mass Range

Mass Resolution
Chemical lonization

Software Platform

LECO

Choosing a GCxGC system

QuadlJet SD (FID)

Quad-Jet Thermal
Yes

500 spectra/s

ChromaTOF SD

Paradigm Shift (FID+MS)

Reverse Fill-flush Flow
No

500 spectra/s

10-1500 m/z

1000 (better-than-nominal)
No

ChromaTOF 5 BT

Pegasus BT 4D

Quad-Jet Thermal; FLUX
Yes

500 spectra/s

10-1500 m/z

1000 (better-than-nominal)
No

ChromaTOF 5 BT

Pegasus HRT+ 4D

Quad-Jet Thermal

Yes

200 spectra/s

10-1500 m/z

25,000 HR/ 50,000 UHR

Yes, PCl and ECNI (with MMS)

ChromaTOF 5 HRT
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Benefits of the Pegasus BT 4D MS

High-performance MS matches well with commercial spectral libraries for
compound identification

 Quantitative for calibrated components

5
1

Fast acquisition rate pairs perfectly with GCxGC
« Structured chromatogram adds ID

Group-type clusters

Better-than-nominal mass filtering

High sensitivity allows for trace-level discovery

AND pairing for quantitation with FID

LECO
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Benefits of the Paradigm Shift System

e Paradigm GCxGC acquisition |
parameters ensure full fransfer of |
analytes and optimal |
separations |

e Shift splitter maintains constant |
ratio between MS & FID
throughout run for accurate
quantitation

e Simultaneous qualitative and
quantitative information!
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l > Choosing a GCxGC column set...

Column phase selectivity influences the pattern of the GCxGC structured chromatogram

Masses: S(1) A Masses: S(1)

|
4

LECO

M}‘..I\JJIUMJ*JIHFLLUJJJ@Mw__

EMPOWERING RESULTS



GCxGC
Options

Choosing a GCxGC column set...

Column phase selectivity influences the pattern of the GCxGC structured chromatogram

Masses: S(1) Masses: S(1)

Pyro QOil 2

Pyro Oil 2

|
|
" I‘II!“'*”"L

! !'{I"!‘ 0 M AL 11

1000 2000 3000

“Normal” phase: nonpolar-polar

“Reverse” phase: polar-nonpolar

Primary Column: Rxi-1MS 20 m x 0.18 mm x 0.18 um Primary Column: DB-17 20 m x 0.18 mm x 0.30 um
Secondary Column: Rxi-17SilMS 3.35 m x 0.25 mm x 0.25 um Secondary Column: DB-5 3.65 m x 0.25 mm x 0.25 um
« Better separation of polycyclic aromatics region « Beftter separation of paraffinic region
» Clear bands based onring # and clusters by C# « Pulls aromatics away from naphthenes
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Mapping out the GCxGC Space

Masses: XIC(57.07+0.05) Masses: XIC(57.07+0.05)

il

L T b o 11

1000 2000 3000

alkanes

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram

LECO EMPOWERING RESULTS



GCxGC
Options

Mapping out the GCxGC Space

Masses: XIC(55.05+0.05) Masses: XIC(55.05+0.05)

- M‘“””"" ”l AL ""M‘M M‘“\“‘*"“M"’ )

1000 2000 3000

alkenes/cycloparaffing

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram
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GCxGC
Options

Mapping out the GCxGC Space

Masses: XIC(78.05+0.05)+XIC(91.05+0.05)+XIC(105.07+0.05) Masses: XIC(78.05+0.05)+XIC(91.05+0.05)+X1C(105.07+0.05)

i

monocyclic aromatics

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram
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GCxGC
Options

Mapping out the GCxGC Space

Masses: XIC(128.06:0.05)+XIC(142.08+0.05)+X1C(155.0920.05)+XIC(170.11+£0.05)+X1C(184.12+0.05) Masses: XIC(128.06+0.05)+X1C(142.0820.05)}+XIC(155.09+0.05+XIC(170.1120.05)}+XIC(184.12+0.05)

1000 2000 3000 4000 1000 3000 5000

dicyclic aromatics

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram
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GCxGC
Options

Mapping out the GCxGC Space

Masses: XIC(154.08+0.05)+XIC(168.09+0.05)+XIC(182.11+0.05) Masses: XIC(154.08+0.05)+XIC(168.09+0.05)+XIC(182.11+0.05)

2.5-ring aromatics

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram

LECO EMPOWERING RESULTS



GCxGC
Options

Mapping out the GCxGC Space

Masses: XIC(178.08+0.05)+XIC(192.09+0.05)+XIC(206.11+0.05) Masses: XIC(178.08+0.05)+XIC(192.09+0.05)+XIC(206.11+0.05)

tricyclic aromatics

Using characteristic masses from the mass spectrometer makes it easy to lay out the structured chromatogram
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Classification Regions
are drawn around
compounds of interest

Area% values from FID : !
are used for the classified |

regions , )“‘ | '| |
i} M'l"sw' "M lw I ”‘ ?'tlww WIM WMM'WWM UL

1000 3000
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Group-Type
Analysis

Group-Type Analysis of Pyroly5|s Olls

Chromatngram pyro oil 2
|_ I-Eti ABC ||:| Mormalized J_ﬂ" E 5
1.0e7
0.8e7
Classification Regions
are drawn around 0607
compounds of interest
Area% values from FID Cyclopenthnons neer
are used for the classified
regions ’ 0.2¢7
. . v'l't i
This is possible because il
. 0
Of novel allgnment 1st Time (s) 1422[] 14|2[] 14|25 14|25 14|25 14|25 14|25 14|3[J 1-4I3U
. 2nd Time (s) 4000 5000 1000 2000 3000 4000 5000 1000 2000
algorlthm! S(1) XIC(57.070.05)
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Group-Type
Analysis

Group-Type Analysis of Pyroly5|s Olls

Chromatogram pyro oil 2

I I'Eti A B C|[V] normalized o ~ E s
1000
800
Classification Regions
are drawn around .
compounds of interest
400
Area% Values from FID l:.@,:‘l:::Iw:::l[jiler‘ltlif‘mrl'
are used for the classified
regions ’ 200
. . v'l't i
This is possible because il
. ] -
Of novel allgnment 15t Time (s) 14|2[] 14|2[J 14|25 14|25 14|25 14|25 14|25 14|3[] 14|30
H 2nd Time (s 4.000 5000 1.000 2000 3000 4000 5000 1.000  2.000
algorlthml ( }Normalized(s(l)) Normalized(XIC(57.07+0.05))
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Group-Type
Analysis
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Tile-Based
Statistics

ChromaTOF TILE

ChromaTOF TILE uses statistical differences in
GCxGC samples to highlight differences
0 —LI - - -

LECO EMPOWERING RESULTS

02, _ classtoclassvariation 15e:0

Fisher Ratio = = —
O2err within class variation

Se+03




Tile-Based
Statistics

Areas of Interest + PCA

12 3 45

F-ratio hits | Chemical features | Summary
100 200 200 400 500 " Area bars | Arealines | Contours
I pyro oil 1
1200 Py
HT I pyro oil 1.2
200 141 I pyro oil 1_3 -
S — 3 I pyro oil 2 23840
400 I & I pyro oil 2_2
0 ey I pyro oil 2_3
] ! ' I pyrooil 3 5 oo
517 I pyro oil 3.2 '
1 I pyro oil 3_3
800 I pyro oil 4
170 I pyrooil 4.2, . o7
I pyro oil 4_3
I pyro oil 5
100 200 300 400 500 I o oil 5.2
I pyro o!l 5307
N pyro oil 6
I pyro oil 6_2
0 I pyro oil 6_3
3e+06
Feature: Dip... 0
Library Hit: v 82 v | Unassign
| [ad | ~
D Name Formula MW,
1 4 Benzene, 1,1'-(1,3-propanediyl)bis-  CisHas
162 #4  Styrene CeHe
166 # Styrene CeH:
232 4  Diphenyl ether CazHieO
237 44 Diphenyl ether CazHie0
n 4 Bicyclo[4.4.1]undeca-1,3,3,7,9-pent  CaaHag
397 #4  Bicyclo[4.4.1]undeca-1,3,5,7,9-pent  CosHao
496 4  1H-Indene, 1-methylene- CaaHs
512 #4  1H-Indene, 1-methylene- CagHs
614 #4 2-Triflucroacetoxypentadecane CarHzF:0z
628 ¥4 Tritetracontane CasHas

LECO

Sirnilarity

59
a8y
a8y
a2y
828
70
869
233
883
a10
&9

Reverse

an

263
264
803
as2
946
946
224

6 7 & 910111213 14151617 18

Probability (%)
21.m
64.04
64.04
59.62
61.51
33.13
33.10
43.78
48.24

5.88
11.63

A

PCA Results ¥

K-axis: | Component 1 ¥ | Y-axis: | Component 2 o

Scores | Loadings

- e

= -

:r-. ee @

o

=]

P s

=

T

(<]

g

E

=

~ - .

Component 1 (86.71%)

® 80

=

g

g 40

# 9 —

1 6 1 16
Component r

CAS ‘Quant mass R.l. lib F-ratic Med RT1 Med&’
1081-75-0 92 1633 546017.25 2170.0
100-42-5 63 893 205001.20 705.0
100-42-5 04 893 83668.90 705.0
101-84-8 144 1403 131117.82 1750.0
101-24-8 141 1405 57013.11 1750.0
2443-46-1 71 NA 107472.37 1560.0
2443-46-1 141 NA 36288.72 1560.0
2471-84-3 130 | 1097 107436.54 1340.0
2471-84-3 128 1097 54829.35 1340.0

97 NA 98957 FH 2224 :.

7098-21-7 37 4300 12668.42 34830
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Tile-Based
Statistics

Areas of Interest + PCA

Contours

F-ratio hits | Chemical features | Summary
100 200 300 400 500 " Area bars | Area lines
| | | | |
I pyro oil 1
1200 Py
. I pyro oil 1_27e+06
800 —| I pyro oil 1_3
N I pyro oil 2
400 N pyro oil 2_26e+06
o I pyro oil 2_3
0 I pyro oil 3
400 I pyro oil 3_25e+06
I pyro oil 3_3
800 I pyro oil 4
I pyro oil 4_24e+06 |
1200 I pyro oil 4_3
! J ! ! ! I pyro oil 5
100 200 300 400 500 I pyro oil 5_2 305
I pyro oil 5_3
a I pyro oil 6
I pyro oil 6.2, 06 |
I pyro oil 6_3
0 Te+06
Feature: - 4-C. 0 |
Likx Hit: Bl v ) i
ibrary Hi Unassign Lf" 9 |—r’ .
D Mame Formula
25359 # Megastigma-4,6(Z),8(Z)-triene CazHan
25440 #  Feature 25440
25356 ¥ Maphthaleneg, 5-ethyl-1,2 3 4-tetrah = CigHag
25583 @ 4-Chloro-3-n-hexyltetrahydropyrar - CiHzCIO
25670 ¥ 1-Phenyl-2-propanc! CsHq20
25752 4 43,10a-Methanophenanthren-9B-0  CisHerBrQ
25833 # 5,8,11-Eicosatriynoic acid, methyl e CaH:0:
25876 #4  1-Pentacontanol CeHie20
25981 # 1-Oxaspire[2.3]octane, 3,5-dimethy  CaaHzz0
26047 #4  1-Pentacontanol CaoHiez0
76119 1 CazHa=

LECO

Manhthalene 12 3 4-tetrahvdrn-1 ¢

1

MW,

234567 8 9011121314156 1718

176

160
204
136
292
314
718
206
78
174

Similarity

786

783
814
833

755
256
789
279
789

Reverse

243

a18
851
919
792
756
281

902

B
A P
¥ PCA Results o
K-axis | Component 2 ¥ | Y-axis: | Component 3 I
Scores | Loadings
—_ L.
Exd
&
o
2 “ =
n »®
-
W
£
g
E
Q
L=}
-
Component 2 (08.74%)
Y 80
g
g
g 40
s —
1 6 1 16
o
Component (ad
Probability (%) CAS Quant mass R.I. lib F-ratio Med RT1 Medk’
7.99 71186-25-9 119 1288 6213.55 1665.0 -~
155  N.A. 10467.27 2065.0
21.05 42775-75-7 133 1362 18860.43 1625.0
5.58 66555-66-6 95 NA. 5633.38 3520.0
35.28 92 MN.A 9241.57 1630.0
62.68 169 N.A 3933.90 2345.0
22.64 143 2465 18776.22 1930.0
10.00 40710-43-8 55 N.A 13681.65 3765.0
6.23 105 N.A 9528.06 1800.0
14.15 40710-43-8 55 NA. 5351 @Q ElL o n-
17491 21R93-55-0 154 1250 14036.65 18400
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Tile-Based
Statistics

LECO

Comparing Trends of Multiple Features

F-ratio hits | Chemical

features | Summary

100 200 300 400 500 l’

1200 220

800 05

400 128319

0 & uh il L : N

0 o i

800 205

220
100 200 300 400 500
Feature: Phenanthrene, 2,3,3-trimethyl- ~
Library Hit: v T41/794/40.01 Phenanthrene, 2,3,5-t... ~ | Unassign

D Name Formula MW,
3ne 4 Maphthalene, 1,2,3,4-tetrahydro-2,7  CazHae
3804 44 Tritetracontane CaHze
3809 #  Hentrizcontane CaHae
4024 #a  Benzene, 2-ethenyl-1,3,5-trimethyl-  CaHaa
4028 #  Benzene, 2-ethenyl-1,3,5-trimethyl-  CiHae
4109 # 1,2 4-Metheno-1H-cyclobutalbleye  CiuHa:O
4127 4 Maphthalene, 3-ethyl-1,2,3 4-tetrah = CozHae
4207 & 1,23,67 8 Hexahydro-as-indacene  CizHaa
4224 # 1,2,3,67.8-Hexahydro-as-indacene  CizHae
4321 X Phenanthrene, 2,3,5-trimethyl- CarHas
4439 4 Benzene, 1-methyl-4-(1-methylpre  CoiHae

Areabars | Arealines | Contours

160

436
146
146
160
160
158
158
220

Phenanthrene, 2,3,5-trimethyl-

Benzene, 1-ethyl-2,4,5-trimethyl-

a-Methylstyrene

Similarity
824

8%0
831
835
814
842
856
831
™
836

Reverse

Be+07

Se+07

Ae+07

3e+07

2e+07

Te+07

5 6 7

1

Probability (%)

832
889
896

239

836

852

285

852

28.40
10.77
10,52
15.54
16.63
15.25
N7
55.54
51.30
40.01
39.93

34

13065-07-1
7098-21-7
630-04-6
760-25-5
768-25-5
78323-74-7
A2775-75-7
1076-17-1
1076-17-1
3674-73-5
1595-16-0

Quant mass

8

145
56
57
a7

131
65

131

133

141

220

118

9

Rl lib
1304
4300
3100
NLA.
MLA,
MLA.
1362
MLA.
MLA,
2142
1096

0

"

12 13

F-ratic

352401
43148.14
27059.14
43065.56
19638.83
43018.47
12130.50
42696.95
10441.68

.|.|.|
4 15 16 17 18

Med RT1

Med*
1660.0
35100
35100
1545.0
1545.0
1565.0
15700
18000
18000

-*-I;J_r.»a.'@Q @’ B 0 }

4241189

1540.0
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Group-Type Analysis of Pyrolysis Oils

Sample 4

)

1% | ll Il "'I'
|

ML AR L R

1000 2000 3000
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Heteroatomic
Species
Identification

Group-Type Analysis of Pyrolysis Oils

Masses: TIC

Sample 4
6692 peaks!

1000 000 3000 4000
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Heteroatomic
Species
Identification

Group-Type Analysis of Pyrolysis Oils

Masses: AIC

Sample 4
Filtering for S-containing compounds
Library Similarity Score > 800

2-(5-phenylthio-2-thienylmethylene)-

Thiophene, 2-methyl-

1000 2000 3000 4000
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Benefits of the Pegasus HRT+ 4D

e High-resolution spectra

e Confident ID of compounds using complementary El, PCI, and ECNI

 Unigue Encoded Frequent Pushing increases sensitivity along folded
flight path

e Mass accuracies calibrate to low ppm

e Combined with GCxGC separation power

EMPOWERING RESULTS



GCxGC
Options

1) Primary ion formation:

2) Reagent ion formation:

3) Adduct Formation:

LECO

Benefits of the Multi-Mode Source (MMS)

CH, + e® > CH,®® + CH,® + CH,®® + CH® + C®® +H,%® + He

CH,®® + CH, & CH:® + CHy
CHs® + CH, > GH® + H,
CH; + GHs® & CHe® + H,

M + CHs® 3 [MH]® +CH,

M + GHs® & [M+CH,l®

M + CsHs® > [M+CsHsl®

AH + CHs® > A® + CH, + H,

Formation of Thermal Electrons (*e” ):

CH, (buffer gas)+ e = + CH,” + "¢ +e”

No hardware change between El, PCI, and ECNI acquisitions,
makes it easy to correlate peak retention times between modes:

» EI (electron impact ionization) provides universal,
reproducible fragmentation that matches NIST library
spectra with high fidelity

» PCI (positive chemical ionization) provides softer
ijonization than El, allowing selective formation of
molecular ions and adducts that allow for identification
of chemical formula for most hydrocarbon species

« ECNI (electron-capture negative ionization) provides
exceptional sensitivity for electronegative species
(compounds with halogens like F, Cl, I, Br)

CH, (buffergas)+ e & + CHy* + H" + % +e

1) Associative Resonance Capture: M+ * 2> M
2) Dissociative Resonance Capture: M-X + % 2 M + X

3) lon-Pair Formation: M-X + % = M* + X +e

EMPOWERING RESULTS



GCxGC
Options

Acquire doto g

LECO

Peak Find with
HRD®

C

Filter and
Classify Peak(s)

Library Search
Peak True

Spectra

/
/

Generatfe Peak
Classification
Summary

|dentify NS
Specific Peak LH

Pegasus HRT+ 4D Data Processing Workflows
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GCxGC
Options

Acquire doto g

LECO

Peak Find with
HRD®

Composite

Create

Filter and
Classify Peak(s)

Library Search
Peak True
Spectra

Calculate
Mass

Generatfe Peak
Classification
Summary

|dentify
Specific Peak

Generate
Mass Defect
Plot

Generate Van
Krevelen Plot

Generate C#

Spectra

Formula(e)

o

vs RDBE Plot

Generate Mass
Classification
Summary

Pegasus HRT+ 4D Data Processing Workflows
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Heteroatomic
Species
Identification

Masses: TIC

Sample 1

i 0y .0
| § g1 MLt e \
" AL by B2 el
]."‘ 0 'b' ”"“ "O L3 .P )
,;,_}i& 'l{' (e SN0 e RN, L N A

! T
1000 2000

Masses: TIC

High-Resolution, Accurate Mass Data

Masses: TIC

Masses: TIC

{, W
et ndeasd

USRS VG s (I OS] S (S R

Masses: TIC

) T
1000 2000

Masses: TIC
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Heteroatomic
Species
Identification

Mass Defect: Nitrogen-Containing Species

Region - sample "Pyro Oil 1 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5706 s, 8.000 s) Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5706 s, 8.000 s)
0.4 0.4
§ 0.3+ § 0.3
e S
o] 0
QL &
3 3
2 0.2 2 0.2
= =
O o
Q @
3 8
2] wn
0.1+ 0.1
0.0 0.0+
| | | | | T T | T | | T
100 200 300 400 500 600 100 200 300 400 500 600
Nominal Mass (m/z) Nominal Mass (m/z)
N' N ®NO' @NO @ NO2' @ NO2 N' N ®NO' @ NO @ NO2' @ NO2
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Heteroatomic
Species
Identification

Mass Defect: Sulfur-Containing Species

Region - sample "Pyro Oil 1 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5706 s, 8.000 s) Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5706 s, 8.000 s)

0.4+ 0.4+
N ] N ]
T T
S )
B 0.34 £ 0.3
) D
(] (]
o o
7] 7 @ i
(10} (10}
= =
T 0.2 3 0.2
(1o (1o}
& &

0.1+ 0.1

I I I I I I I I I I I I
100 200 300 400 500 600 100 200 300 400 500 600
Nominal Mass (m/z) Nominal Mass (m/z)
) S ®SO' ®SO @ S02 @5S02 So3' SO3 SO4' ) S ®S0O' ®SO @ S02 @ S02 So3' SO3 SO4'
SO4 SO4
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Heteroatomic
Species
Identification

Leveraging High Resolution Mass Accuracy

Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5707.9 s, 8.000 s)

Scaled Mass Defect (CH2)

T T T T T T
100 200 300 400 500 600
Nominal Mass (m/z)

LECO EMPOWERING RESULTS



Heteroatomic
Species
Identification

Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5707.9 s, 8.000 s)

0.20

Scaled Mass Defect (CH2)

0.054

T T T T T T
100 200 300 400 500 600
Nominal Mass (m/z)
S

e e | MU e |t
(ppm)

135.0263
163.0576
175.0576

LECO

C]OHHS
CHHHS

Leveraging High Resolution Mass Accuracy

Masses: CIC(135.0263+0.0003)

Peak True - sample "Pyro Oil 2 GCxGC PCI", Peak 493, at 986 s, 3.960 s, Area (Abundance)

1000
900
800
700
600
500
400
300
200
100

<163.0576

—<175.0576

_[<97.0649
1<143.1066

[M+H]*
[IM+C,H,]*
[M+C3Hs]”
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Heteroatomic
Species
Identification

High-Resolution, Accurate Mass Data

Masses: CIC(135.0263+0.0005) Peak True - sample "Pyro Oil 2 EI GCxGC", Benzo[b]thiophene, at 986 s, 3.910 s, Area (Abun

Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5707.9 s, 8.000 s)

dance)
| © ~ 134.0185
i | m < 8 N oo ~
g "% 800 53 28 88
o J = o2 o o 0 N
5 400 3 ZoS 82 2
& 0157 0 — T T T T
s . Library Hit - Similarity: 912 - Library: replb - Benzo[b]thiophene, Abundance
§ 0.104 | 1\3/4
1 900 4
0.051 600 A
. o} 0
100 200 300 400 500 600 300 1 Y R 5'? L2 =
Nominal Mass (m/z) _I A ¢ Ml \I/ Il I Y I Jl I I I I
2 1000 3000 5000 50 75 100 125 150 175 200 225
Mass Accurac
y Abundance

(ppm)
134.0185 CgH,S -0.08 1000

89.0386 CHs 0.26 11
135.0218 13C,CH,S 0.23 100
90.0464 CH, 0.05 91
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Region - sample "Pyro Oil 2 GCxGC PCI", Deconvoluted, (330 s, 0.000 s) x (5707.9 s, 8.000 ) 2+0.0005) 8.1122+0.0005)

0.20+

Scaled Mass Defect (CH2)

0.05+

Heteroatomic
Species
Identification

0.154

High-Resolution, Accurate Mass Data

76.0646:0.0005)+CIC(190.0810+0.0005)+ CIC(204.0966£0.0005)+ CIC(218.112 (176.0646£0.0005)+CIC(190.0810:0.0005)+CIC(204.0966+0.Q005)¢ Gl (&1

3-Methylbenzothiophene

' Benzo[hjthiophene

T T T T T
100 200 300 400 500 600
Nominal Mass (m/z)

S 1000 3000 5000

Elution band signifies the low-level Plotting back to El tells us where to
presence of clusters of C1-, C2-, C3- look; some were already properly
and possibly C4- benzothiophene identified!

isomers

Combination of high-resolution and GCxGC resolves the mass split!
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Conclusion

e The variety of LECO GCxGC options provides high-quality data for both quantitative
and qualitative characterization of plastics-derived pyrolysis oils

— Group-type bulk composition
— Statistical analysis of differences between samples
— Detailed identification of heteroatomic species
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