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Overview and Function of TOF
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GC TOEMS — Instrument Configuration

TruTOF HT GC-TOFMS

Pegasus® HT GC-TOFMS including Gerstel
Autosampler and other Sample Prep Equipment



Major Benefits of TOFMS

* Full mass spectrum acquired
— Powerful confirmation of compound in sample

« Full mass range sensitivity
— Low pg range for most compounds

e [Fast acquisition rates
— Up to hundreds of spectra/sec
— Defines narrow peaks from fast GC techniques



LECO Time-of-Flight Mass Spectrometer
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Major Benefits of TOFMS

« Automated peak find
— Find compounds in normal or complex matrix
— Locate non-target compounds

« Spectral deconvolution
— Quality mass spectra from coeluting peaks
— Easy Library search with deconvoluted spectra
— Time-compressed chromatography



LECO ChromaTOF®- Software Deconvolution

17 19 20

/

L
foeee
LA
I I | I |
Seconds 89.25 89.75 g0.25 90.75
|—— 78 — 473 — 84 T1x3  ——t0.2 |




Peak True - sample "Naphtha:5", peak 17, at 89.586 (scan 2685)
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Peak Hit - library entry "Benzene", match 888
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Peak True - sample "Naphtha:5", peak 18, at 89.6527 (scan 2687)
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Peak Hit - library entry "Hexane, 2-methyl-", match 863
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2-Methyl-hexane - 863

Coeluting Peaks will be right detected automatically !



Peak True - sample "Naphtha:a”, peak 19, at 90.086 (scan 2700)
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Peak True - sample "Naphtha:a”, peak 20, at 40,5527 (s¢can 2714)
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Peak Hit - library entry "Pentane, 2,3-dimethyl-", match 901
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2,3-Dimethyl-pentane - 901

Also valuable for Compounds with same Masses !



LECO ChromaTOF®-Software Deconvo ution
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TOFMS Spectral Reproducibility

5000 pulsed transients (spectra) per second

— lon packets are formed, extracted, and mass analyzed
almost simultaneously

— “Snapshot” technique

« Concentration changes occurring in the source during GC peak
elution don’t affect spectral quality in TOFMS

— Non-skewed mass spectra
— Makes deconvolution algorithms easier and reliable



Spectral Reproducibility
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Automated Peak Find

« Mass spectrometer requirements
— Acquisition rate sufficient to define peaks
— Reproducible mass spectra across peak

e Software requires:
— Estimated peak width
— Signal-to-noise desired
« “How many peaks do | find?”



Acquisition Rate for Peak Find

Important for closely eluting peaks

Faster rate can improve peak find

Spectral deconvolution may also improve

Example: nine pesticides eluting in 4 sec
— Peak widths =1.5t0 2 sec



Peak Find at 40 Spectra/sec
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Peak Find at 10 Spectra/sec
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2 Spectral/sec

T
157 158 159

Automated peak find is not possible !



TIC of Drinking Water Sample

—

Showing the TIC Chromatogramm !



IEsHion 4 46|ds B G5!

|C of Drinking Water Sample

BHE

RT. (s Name Quant Quant /N Concentration  Match
Masses
6237 “Acensphinylene 152 1615 53 978
6435 *2-Chlorabiphanyl 188 1360 A0 ar7
G789 *Diethyltoluamide 119 540 45 970
B96.4 “Fluorene 165 646 A0 982
7254 *Triallyl isocyanurate 248 191 51 ars
7E5.7 *2 3-Dichlorobighenyl 22 487 &7 940
7E9.9 *Benzene, hexachloro 284 161 40 o1
7871 *Simazine 201 121 hA £A2
7920 *Atrazine 200 281 &1 887
7974 *Trii2-chlooethyl) phosphate 248 gl 45 954
G114 "a-Lindane 181 195 o 935
G36.1 *Phenanthrene 178 a3z 52 il
8d41.8 *Arthracens 178 Tar 55 aro
B66.8 *Galaxolidz 1 243 519 6 988
872.8 "Caffeine 194 197 a1 924
872.8 *1,1-Biphenyl, 23 B-trichlare- 258 473 58 965
893.0 “Galaxolide 23 243 15 39 a4
8976 *Galaxolids 2:2 243 15 43 932
905.1 *Alachlor 188 205 &7 831
9108 *Galaxolide 2 243 31 54 959
922.0 *Heptachlor 272 83 43 944
965.4 *1,1-Biphenyl, 2,2° 4 -tetrachloro- 232 a2 63 il
083.3 *Aldrin =27 129 62 048
1053.1 *Heptachlor epovide %3 ] I 764
1047 4 *1,7Biphenyl, 2,23 4 £-Pentachloro- 3% 2 83 g0
1096.8 *trans-Chlordane 373 128 43 834
11210 "eis-Chlordane 313 118 Ll /ed
122.9 *Pyrene 202 962 50 969
11248.4 *cis-Nonachlor 403 106 Ll 822
1173.4 1,7 Biphenyl, 2234 5 5-hexachloro- 360 et o4 921
11747 *Dieldrin el 93 69 673
1216.2 *Endrin 2m 16 a0 ar7
2419 "trans-Nonachlor 409 9N 43 820
1326 5 *Carbamazeping 193 ar 55 688
14185 *1,1-Biphenyl. 2.2 33 4.4' B-heptachloro- 394 134 A0 q03
14258 *Benz[a]anthracene ) 863 51 ara
14288 *1,1-Biphenyl, 2,2'3.3'4 5' 6 B-octachloro- 438 143 41 626
143409 "Chryseng ] G2y &3 El]
1436.7 *p,p-Methoxychlor 7 644 &1 7o
1443.0 *Diazepam 2B 166 i 862
1803.8 *Benzolblfuoranthene 262 494 B 952
18145 *Benzo[k|fuoranthene 252 482 62 912
16985 *Benzo[a]pyrene 252 567 54 943
2055.4 “Chalesteral 301 1a7 NA o
2109.7 *Indena[1 2 3-cd]pyrene 76 EB3 E4 866
21184 *Dibenz[a hlanthracens 7 A41 Ad 964
2161.2 *Benzo[gh]perylens il 664 ] 912

Showing only specified Target Compound Peaks !



Target Analysis — “Acenaphthylene” (10ppb)

EIC - Chromatogramm Co-eluierender Peaks & EIC - Chromatogramm der Quantifizierungsmassen
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Ratio

Calibration Curve Acenaphthylene (1-1000pq/ul)

350 Caltraton STD tng/ul + 1S 500pgfgtt’
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Concentration
y=+0.00372426x + 0.00383998
r=0.99903




Mass Spectral Comparison of Acenaphthylene

Caliper - sample "Calibration STD 10pg/uL + IS 500pg/uL:1", 0 s to 0 s (Spec # 0 to 0)
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Peak True - sample "Calibration STD 10pg/uL + IS 500pg/uL:1", peak 240, at 623.85 s (Spec # 7077)
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Reference Spectrum - Calibration "IWB - calib f. NWG", Analyte "*Acenaphthylene”
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Target Analysis — “Flourene” (10ppb)

EIC - Chromatogramm Co-eluierender Peaks & EIC - Chromatogramm der Quantifizierungsmassen
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Ratio

Calibration Curve Flourene (1-1000pg/ul)
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Mass Spectral Comparison of Flourene

Caliper - sample "Calibration STD 10pg/uL + IS 500pg/uL:1", 0 sto 0 s (Spec # 0 to 0)
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Peak True - sample "Calibration STD 10pg/uL + IS 500pg/uL:1", peak 336, at 696.5 s (Spec # 8530)
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Reference Spectrum - Calibration "TWB - calib f. NWG", Analyte "*Fluorene"
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Target Analysis — “Triallyl iIsocyanurate” (10ppb)

EIC - Chromatogramm Co-eluierender Peaks & EIC - Chromatogramm der Quantifizierungsmassen
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Calibration Curve Triallyl isocyanurate (1-1000paqg/ul)
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Mass Spectral Comparison of Triallyl isocyanutate

Caliper - sample "Calibration STD 10pg/uL + IS 500pg/uL:1", 0 s to 0 s (Spec # 0 to 0)
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Peak True - sample "Calibration STD 10pg/pL + IS 500pg/uL:1", peak 365, at 725.75 s (Spec # 9115)
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Reference Spectrum - Calibration "TWB - calib f. NWG", Analyte "*Triallyl isocyanurate”
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Detection Limits of Target Components ( calculated on 10 ppb Standard )

. - - Duant

R.T. (<) Name Similarity Masses LOD S/N3 LOO S/MN 10
6232 .85 *Acenaphihylens =gl =} 152 0.1 =
B43.65 *2-Chlarabiphenyl 945 188 oA 0=
BE79.1 "Diethylioluamide 05 119 [ = 0.7
E95.5 *Fluorens =101 155 o 0=
FT25.79 "Trallyl isocyanurate == =49 o6 1.8
YES.75 "2 2-Dichlorobiphernyl =R 222 o2 =
Fr0.05 *Benzene, hexachloro- = C Py =54 a5 1.8
Ta8.2 *Simazine 544 =201 [y | 0.2
FOl0 TAtrazine 957 =00 0.4 1.3
AT 8 *Tr(2-chloroethy ) phosphate o142 =48 1.3 4.5
912.15 *a-Lindane =R 121 = 2.0
d36.05 "FPhenanthreng 251 177G o 0.3
44 .95 “onthracena j=REs] 178 [y | 0.4
Sb6.9 "Galaxalide 1 [= ] =243 .2 0.e
g72.85 *Caffeine FES 194 o.s 1.6
g372.B5 *1 1-Biphenyl, 2.3 B-trichloro- YBS =58 o2 0.8
TSalaxolide 2a 545 =243 P, [l
FSalaxalide 2:2 210 243 P, [
S05.35 “Alachlor 922 155 a6 1.=
910.8 *Galaxolide 2 11 243 2.2 7.ae
922.05 "Heptachlor 9353 =2 1.0 3.4
965.4 *1 1-Hiphenyl, 2,24 4“tetrachloro- 943 =292 .3 0.2
H953.45 “Aldnn 932 BE o 2.4
1053.5 *Heptachlor epoxide =213 53 1.2 4.1
1057 .65 *1 1-Hiphenyl, 2,2' 3" 4 F-Pentackhloro- =1l =26 [ 1.5
1026.65 “trans-Chlordane 245 73 a.S 2.6
1121.1 *cis-Chlordane Q03 =73 o.s 2.8
1122.959 "FPyrene 240 02 (| [ &
1125.55 *cis-MNonachlor 835 409 a9 =29
1173.4 71 1 -Biphenyl, 2.2' 3.4 .55 hexachloro- = I = =18 a.a 1.5
11743 *Dieldrin 255 = 1.0 4.2
12156 *Endrin Q0 =i 23 e
1244.3 “trans-MNonachlor = 09 1.1 .7
1327 .05 *CTarbamazepine 930 193 1.7 =7
1418.6 "1 1-Biphenyl, 2,2°.3.,3' 4 4" G-heptachloro- 535 =94 a.F 2.4
1425 8 *Benz[alanthracene =l b=} =28 [y | 0.5
14293 ™1 1 -Hiphenyl, 2.2' 3 3' 45 B EB-actachloro- =14 A5 ars =4
1434.75 *Thrysene =101 =] == [ = =
1435 6 *p p-haetho=zychlar =534 2T [ e o
1443.15 *Diazepam 9355 256 o5 2.6
1804.2 *Benzo[blluoranthensa SO0 52 0= (=]
1814.9 "Benzo[k]Muoranthene 919 252 a3 1.0
189586 *Ben=zalalpyrens Q32 252 a2 o=
20585.3 "Chalesteral arg = mh| [ELN K
2110.2 Flnderno[1 2 2-cd]pyrene I=RE=] =B o2 o
2118.35 *Dibenzla hlanthracene j= Lo o =78 oz 0.&
0.2 0.5

2161.3 *Benza[ghi]lperylens S5 =76




200 fg DDE in Drinking Water

Peak True - sample "OCP 0.2 pg:1", peak 38, &t 735 , 1,690 sec,sec (Spec # 43669)
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Non Target Screening of Drinking Water Sample
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Showing all Peak Markers = additionally 700 Peaks identified
(288 with similarity > 70 %)



LECO Pegasus® 4D

Agilent 7890 GC
Agilent or Gerstel Autosampler
LECO quad-jet, dual-stage modulator
— Modulates C, to C,,
LECO consumable free modulator
— Modulates Cgto C,
LECO secondary column oven
LECO Pegasus® 4D TOFMS
— Acquisition rates up to 500 spectra/s
— Mass range from 5 to 1000 u
LECO ChromaTOF® software
— GC x GC control and data processing
 Automated peak find
o Spectral Deconvolution
o Classification, Scripting and Compare




Principle of Comprehensive GC

Normal Chromatography
1T 1 T 1T T T T T 71T T T T T T

Heart-cut 2D Chromatography (Multi-Dimensional GC (2DGC))
l ] | | | ] ] | ] ] ] | | ]

Comprehensive GCxGC




Principle of Comprehensive GC

Peak Capacity Normal GC

At, _ : —
SN :((Wl/Z)l—i_(Wl/Z)Zj_l SNt _Z(SN +1) 85 peaks

Peak Capacity Comprehensive GC

B Atr 3 _ \/W tr(Iast) .
i)t X PR = 2550peas



Typical GCxGC Setup

 Primary column (1st dimension)
— Longer, wider bore, thicker film
— Mostly 30 m and Non-polar

e Modulator

— Thermal in nature ( LN2 Cooling ) or Consumable Free
Modulator ( Air Cooling)

— Focuses effluent from primary column
— “Injects” this effluent onto secondary column

e Secondary column (2"d dimension)
— Very short, narrow bore, thinner film
— Mostly 1-3 m and Polar or Selective



GCxGC Schematic Overview
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2D-plot of extract of River water

MWasses: TIC




Non-target analysis example: River Water

Masses: B9

TOF



Non-target analysis example: River Water

TOF



Non-target analysis example: River Water

TOF



Non-target analysis example: River Water

MWasses: 99

TOF



Conclusions

TOFMS is not a new technique

But many innovations have occurred for chromatographic
uses of TOFMS

— Fast acquisition is possible because of improvements in
electronics

Automated data processing routines

— Peak find

— Intergrated Spectral deconvolution
— Library Search

— Qualification and Quantification

— Classification and Statistic Compare



Conclusions

« TOFMS is an excellent MS choice for fast GC techniques that
produce narrow peaks

— Smaller bore capillary columns (0.10 or 0.18mm)
— GCxGC

« TOFMS instrumentation is robust
— Simple, no complicated magnetic or electric fields
— No mass spectrometer source cleaning !



Conclusions

TOFMS has full mass range, pg level sensitivity for trace level
work

— Environmental applications

— Pesticides in food and water

— Allergens or other compounds in fragrances
— Important, but low level compounds in flavors

TOFMS has a wide dynamic range
— Flavors and fragrances
— Metabolomics



Many Thank’s for your Attention !!!

Any Questions ?7?77?

Christian Zuhlke

Product Specialist Separation Science
LECO Instruments Germany

Christian.zuehlke@leco.de



