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BenchTOF™

Time-of-flight mass spectrometry

= [Fast acquisition rates over a wide
mass range

» Sensitive detection of targets AND
non-targets

» Confident identification with
reference-quality spectra

Robust, long-term performance

Spectral quality

Sensitivity

Stability

Selectivity
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BenchTOF technology

Differentially pumped source
and analyser chambers

Proprietary design

Multi-stage reflectron

Direct extraction optimises

optimises resolution

sensitivity

Analytical
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BenchTOF technology
Truly NIST compatible spectra
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Mass spectrum for tetracontane (C,oHg,)

Other TOF MS would struggle

/to detect this molecular ion
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“The impressive sensitivity, speed and spectral quality of the BenchTOF has enabled us to address research

questions that literally ‘escaped’ our previous set-up’

Dr Carsten Miller, School of Biosciences, Cardiff University
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What Is mass discrimination?
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Quadrupoles are mass filters

This is wasteful!

Mass
analyser

lon source

Quadrupole rods

» Use SIM mode to improve sensitivity, but this only looks at target compounds




TOF vs. quadrupole MS

TOF technology does not rely on scanning individual masses

1004
Quadrupole MS
50+
~ 0.4 s per full scan
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Spectral quality versus quadrupole MS

gMS experience spectral skewing

TOF MS Scanning MS
(e.g. BenchTOF) GC peak (quadrupole)
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More robust deconvolution is possible with TOF MS due to no spectral
skewing — for confident identification of hidden or masked peaks
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Excellent sensitivity and linearity

EIC m/z 212 + 197
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= |dentification of ‘cork taint’ from 2.,4,6-trichloroanisole
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Confident results every time
Long-term stability

1 Compound %RSD

09 * Dihydromyrcenol | 5.8 = >200 replicate injections of a
k Benzylacetate | 2.0 complex fragrance mix

0,7 *  Neomenthol 5.3
>k

0,8

0,6 B-pinene 2.1

= Stable response over 4 weeks,
with no additional tuning
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= Minimal downtime — ion source
R R T S R St i O SR R S O NS i cleaning iS rarely required outside
0 - - - - of annual maintenance visits

y

“Our two BenchTOF are the ultimate trace gas detectors: highly sensitive, very reliable and convenient to use.’
Peter Boeker, University of Bonn
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What is soft ionisation?

Hard ionisation

Soft ionisation
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What is soft electron ionisation?

Limonene

Hard ionisation

(e.g. 70 eV)

Soft ionisation

(e.g. 10-20 eV)
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Tandem lonisation®

/ 70 eV

(100 Hz)
Tandem ionisation
(70 eV /14 eV)
at 200 Hz
14 eV
(100 Hz)

= Collect NIST- quality 70 eV and soft El data simultaneously
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= Software automatically generates two files from the raw data
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Tandem lonisation

» Acquire hard and soft El simultaneously

= Complementary spectra to confirm
compound identity

» Confident isomer identification
— Not possible based on 70 eV data alone

= Patented technology

= Exclusiveto BenchTOF

12 eV
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Reduced fragmentation

=  Enhanced molecular ion and
other structurally-significant
lons

=  Soft El reduces the dominant
lons associated with
derivatisation

= |Improved confidence in
identification, especially within
complex samples.

Uric acid 4TMS

70 eV
73
100 HR“‘J
|
/"'\O
N A
| TOT
50 T ;/,th& 447 456
‘/{\\O N N\
147 //f\
4 382
100 131 172 205 367
0 |'|""|"’||'||‘ !"'"'|"|'|‘|'|'!""|"I!I"|""|"|"'|""'|‘"'|""|""|""|""|"'I"|'|!|"|‘!:"|""|""| "
40 60 80 00 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 A4t
14 eV
100, 456
50
441
319 382
0 I'"‘I""I""I""I""I""'I""'I""II'I'"I""I""I""I""\""|i'"'I""I""Ill"'\""l""l prrr
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

SepSolve

Analytical



Gaining extra dimensions of information...
...with GCxGC-TOF MS and Tandem lonisation

Abundance




Case studies

Fragrance allergens

Breath and FAME profiling




Allergens

Background information

= Contact allergy following skin contact with a sufficient amount of these ingredients (e.g. in

cosmetics)
— Affects ~5% of population

» Can trigger serious health effects...
— Asthma attacks
— Headaches/migraines
— Respiratory irritation

= Can be found in many fragranced products...

[ LR




Why GCxGC?

Fragrances and essential oils are complex

|n|'|‘

‘H'f wob"v N ‘UH '|. iy "“"M | |

* Chamomile essential oil with > 800 peaks detected
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Analytical system

A

i BenchTOF-Select™
Primary Secondary | time-of-flight MS

column column = |

Data
processor

Injector INSIGHT®flow  Splitter
modulator
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Separation of fragrance allergens
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Confident identification with BenchTOF

. - . 1004 53 .
Confirmation of peak purity Citronellol
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GCxGC-TOF MS linearity

2.0 ’g Compound | R2
1.8 8'. ® Methyl oct-2-ynoate 0.9999
o
6 = a-lsomethylionone 0.9998
: h—
£ ® Lilal 0.9994
1.4 20 . ® Benzyl cinnamate 0.9994
S £ ® 3-Propylidene phthalide 1.0000
c Q
- & . ® Neral 0.9996
@
s10
x e e
D 08 [ | e e o : : .
................................ = Duplicate analysis at six
0.6 e B I — o concentration levels (from
0.4 ................................................................................................... ° 0.37-300 Hg/ml_)
02 e
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ChromSpace software

Simple workflows for EIC quantitation

M Quent Result [254pr2019_Allergensvd]

Curent batch ~ d [0 12 & [

e Cr me | re we P e o femee ot o
fragrance_allergens_6_1 70eV_0.5_se. v 273976E+05 00108 254146407 7425 73834 048 36899.1234 1158 v
fragrance_alergens_6_2 70eV_0.5_se v 2743826-05 00106 258719607 7425 73306 127 36953 7947 1158 v
fragrance_alergens_5_170eV_0.5_se... v 454689E+05 0.0218 2.08216E+07 14.85 14,8321 012 30618.7918 19809 v
fragrance _alergens 5_270eV_05.se.. | o | 493066E-05 00225 2.19852E+07 1435 15.0634 147 33203.0935 15809 4
fragrance_allergens_4_1 70eV_0.5_se. v 9.87633E+05 0.0402 2457E-07 2475 251949 180 359068039 4.2668 v
fragrance_allergens_4_2 70eV_0.5_se v 91705 00378 2414386407 475 242804 190 369175698 42663 v
v 203306E407 255884E-07 2497.1267 686213916 v

Calibration curve : Vanillin

09-
Amount 178.2

Rel. Response 0

072

o
2

Rel. Response
=)
&

)
@

RT =45.0091 (Vanillin)

Equation: y = 0.0027 - 0.0033

R* 0.9988

Analyte: Vanillin
Mass (mfz) 45956
‘E Abundance  1.10961E406
§ L23767E+06
. Spectrum for sub-peak =4 RT=#5;1294
3 e 5 8 5 45179385 45150001 1763076 2
3 5 i 4512 45100001 1765359
g 7.8E405 S 43 5365 81 109
E : M zE 65 13 4507934 45,050001 1760341 24
3 s 5 2 44978383 44,350001 10| 7
60 -
268405 3 & 45029067 45.000001 w2 9
1.4053.2208 340629 75 100 125 150 1922121
Retention Time (secs)
M ” > >
|JSTD'ISTD1

Name Expected RT Source

Dimethybenzylcarbinyl acetate (DMBCA) 266097 | DBC TIC (59 20.5]

alpha-Damascone 271051 | DBC TIC [123 205
beta-Damascane (E) 27.7571 | DBC TIC [192 20.5)
beta-Damascenone (Rose Ketone-4) 27.5032 | DBC TIC [121 20.5)
trans-Anethole 28.0501 | DBC TIC [133 0.5
alpha-tsomethyionane 286305 | DBC TIC (107 20.5)
Gerarvol 287489 DBC TIC [33 0.5
Benzyl aicohol 25,4526 | DBC TIC [5140.5]
Ebanol 1 296014 | DBC TIC [164 0.5
Ebanol 2 30,5086 | DBC TIC [164 20.5)
Hydroxyctronelal 313028 | DBC TIC [71 205
Cirnamaldehyde 33.4421 | DBC TIC (103 20.5)
so E gamma 335702 | DBC TIC [191 £0.5]

Liial 33.6013 | DBC TIC [147 20.5)

Iso Ebeta 338305 DBC TIC [119 0.5
Iso E alpha 34.2632 DBC TIC [19120.5)
Ayl salicylate 34.5497 DEC TIC [138 20.5)
Trimethylbenzenepropanol 35,6678 | DBC TIC [178 20.5]
Eugenol 365441 | DBC TIC [77205]
alpha-Acetyl cedrene 37.8094 DBCTIC [23120.5)
alpha-Amycrnamaldehyde 38.4793 | DBC TIC [202 20.5]
Eugenyl acetate 386154 DBC TIC [14920.5)
Arise alcohol 39,0197 | DBC TIC [121 205
Cinnamyl alcohol 39.1188 DBCTIC[12420.5)

Galaxolide 1 39.72 | DBC TIC [213 £0.5]

Galaxolde 2 395611 | DBC TIC [213 0.5
Isoeugencl 405189 | DBC TIC (149 20.5)
alpha-Santalol 40,5462 | DBC TIC [121 20.5)

alpha-Hexylcinnamaldehyde 40.703 | DBC TIC [145 20.5]
trans. trans - Famesol 40.7726 | DBC TIC [9320.5]

Hexadecanolactone 40.7743 | DBC TIC [83 0.5
3Propylidens phthalde 420272 | DBC TIC [174 20.5)
Isoeugenyl acetate 421712 | DBC TIC [149 20.5)
beta-Santalol 422568 | DBC TIC [7920.5]
Coumarin 425166 | DBC TIC [14 20.5]
Hydroxyisohexyl 3<yclohexene carboxakd 43,0681 | DBC TIC [93205]
Hydroxyisohexyl J-cyclohexene carboxald 433208 | DBC TIC (105 20.5)
alpha-Amylcrnamy dicohol 44,4953 | DBC TIC [105 £0.5)
Vanilin 45,0183 | DBC TIC [15

Benzyl Benzoate 46,1948 | DBC TIC [21220.5)
Benzyl salicylate 49.151 | DBC TIC [228 20.5)
15TD 2 52.4495 | DBC TIC [3120.5]

EIC
EIC
EIC

v

Flagging system shows any
iIssues in identification or
suitability parameters

Export results as a report, to .csv
or to LIMS

Easy EIC quant: Compatible with
various file formats

Simple review of identification
and integration
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Remaining challenges?

And how we can address them...

éj s T
L N S / _ Monoterpenes
(D D m/z 136.1252
S S s
,,,,,,,, § _
N ~
= h f'/ﬂj%"i’"'/\;; ) = “’J/\‘ _
L L/ - Sesquiterpenes
fﬁ miz 204.1878
~F s /
J O g
h _/
4\ —_—
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Reduced fragmentation...

...using soft El

Benzyl cinnamate Lilial
189
106, 91 100, 70 eV
131
192
50+ o7 | 103 204 147
)8 131
1 51 65 ] a1 117 204
115 41 57
L T T WA i A |
0 II"'"'I'lll"“I!HI'I""I"H"!"I"'I'I'|"'I""hi"ll'l""'!""'ll""l 0 ||..'.".'|'!|'.'. .|”|.."!'.l'!|“..!ll'.'“”'.|.|'|'..'i|....|..'..l.l...|
40 60 80 100 120 140 160 180 200 220 240 260 40 60 80 100 120 140 160 180 200 290
192 204
100+ 0 1004
| 2 189 12 eV
s oy T
50+ 504
131 147
130
147 220
0 89 1?4 | -IEEO 1?8 ‘h | 57 19 ‘| ‘| ‘I ‘
R e o L B L B N A IS N B 0 e T L T e
40 60 80 100 120 140 160 180 200 220 240 260 40 60 80 100 120 140 160 180 200 220
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An additional level of confidence

EIC m/z 138

Library Search Results

= é .5. Mass {mfz)

Unknown: 19,3537

141
Abundance {counts)  1.03E+05

1.545E+05 5

Lnknown o ~  |Other DBs: TSCA, RTECS, HODOC, EINECS
RS % Cantributor, RADIAN CORP
4 10 largest peaks:
96000 4 71999 81 84| 95 T9B| BT 405)
4 B2 383| 41 38@| 123 396 B9 325)
- 640004 InChlkesy:
E 4 NOOLISFMEDJSKH-UHFFFADYSA-N
@ 32000 : oH
o
) 0+
P -
2 320004
2 -+
2 64000 4
1 SYnarmTs:
96000 1.Menthol, (£)-
1 95 2.(£)-Menthal
1.28E+05 4 7 3.0L-Menthal
15456105 JLibrary: Cyclohexanol, S-methyl-2-{1-methylethyl)-, (10,28 Sa}-{£)- 4. Menthol, cis-1,3 trans-1 4-(£)-
TTTIIEE 0 érs 78 8RS 100 1125 125 ispdzes  |5-Cyclohexanol, S-methyl-2-(1-methylsthyl)-, (10,2650
Mass (mfz) B.Cyclohexanol, 8-methyl-2-(1-methylethyl)-,
T d-lannrnrl-1-rethdrrlnkheeas 3-nl
< > < >
Hit List
Hit Mo Narne Formula Synon Al CAS M Library A
1 Merthal, (£)- it
2 Cyilohexanal, 1-methyl4-.,, | C10H200 1-Methyl4-,., v 1178 |21129-27-1 156 | mainlib 862 | 888 | 13.28%
3 Cyclohexanal, S-methyl-2-... |C10H200 Menthal ~ | 1169 | 1490-04-6 156 | mainlib 877 879 | 107%
4 Menthol C10Hz00 | 1167 |15356-60-2 | 156 | adams_4th_gh 874 | 874 | 9.45% W
Inlib: 163
Add to library Cancel

Narne’ Cyclahexanol, &-methyl-2-(1-methylethyl)- (T, A
Formula’ GygHagO
MUY 156 Exact Mass: 156 151 4 CASE 15356-T0-4 NI

Library Search Results

SepSolve
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Unkpover: 19,3556

e o
52416,4063 §
42400
31800+
) 21200
£ ]
=) 10600
& ]
g o]
= |
b
B 10600
5 |
< 21200
31800+
42400
|uibrary: Menthol_12ey
52416.4063 - H} 1~ | | 1 1 | | N
380225 S0 e25 75 7.5 100 1125 125 153.9641
Mass {miz)
< >
Hit List
Hit Mo Formula Synon Rl Cas
z Menthol_14ey C10HZ00 ~ 1490-04-6
3 Citronellyl acetate_1zey C12H2202 ~ 150-84-5
4 Citranellel aretate 14ed C12HP?07 ~ 150-R4-5

Mame: Menthal_12eV
Formula: C4pHzn0
MY 166 Exact hass: 156.1514 CASE: 1480-04-6 NIST
Other DBs:
Contributor: Identification from reference compound
10 largest peaks:
81 999| 138 737T| 71 G44| 95 10|
96 483] 123 436] 80 191 108 121
Experimental Rl medianzdeviation #data)

< >
Pl Library MF | RMF | Probability Ll
156 select-ev 891 | 904 | B3.69%
198 select-ev 830 | 896 | 13,47 %
197 celert-pi FAR L TR | 13,47 % &
Inlib: 367
Add ko library Cancel




Tandem lonisation for enhanced QC

Compound Io_n Status
ratios
_ 68:93 1.87 0.33
Limonene 9.4015 | 0.0711 1031 v

93:136 0.43 1.71

108:164 2.12 0.96
Ebanol 1 29.5469 | 2.3986 1280 v
149:164 1.50 0.59

108:164 2.10 1.11
Ebanol 2 30.4589 | 2.3284 1290 v
149:164 1.56 0.71

03:121 1.62 1.11
a-Santalol 40.4967 | 2.1180 1689 v
121:202 8.93 3.28

94:122 2.08 1.04
B-Santalol 42.2505 | 2.0882 1711 v
122:202 15.45 9.47

_ 91:192 2.28 0.17
Benzyl cinnamate 55.7114 | 1.8944 2091 v
192:238 2.84 2.33

= Using four unique qualification criteria (g, “tz, Rl and ion ratios at both 70 eV and 12 eV).
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Confirmation of isomer identification

Difficult or impossible to identify by 70 eV alone

Ebanol 1

E n I 2 107
100- 107 1004 ba O o o 70 eV
149 149
79
i 79 - 164
50 69 164 50 69
135 135
L n ‘ Ll
190 | ‘ ‘ ‘ | 190
0 |'I“| I :'!H“!'!'!.,!Ill':li. ||||”|| !'Mll ‘!':'“I'!Hl! |'.'!|!‘!|'....'i|! |:.,.':‘!.|....l'.'...|..!.| 0 ||I“| !'i.|!.I!|!'I'!.|.I|:':||. ||'I"|| !'::““|.!':'“I'!.I'!'|':':|!!|'....'ih.|..|.':|l.| P UMM o
40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
100 108 164 100 108
164
12 eV
149 149
94
50+ 50+ 94
121 121
135 83 135
83 98 190 175
.5l L T O T O O P O
0 |""|’|!|!|'|""l!'I""I!|!|!!|="|l' I'.ll'!'.ll !-|-|I|!'-|---!|....|.I!!| 0 |....|I'I|.|!|.!'.'!Ii'...'!I'Hl..'|l...|.'|'.'I'I !'..II|.|I.!'|':|H|!'i..':|! |I'I|"||I :.l.'.!'.l...I!'.'...l..lll
40 50 60 70 80 90 100 170 120 130 140 150 160 170 180 190 200 210 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210
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Confirmation of isomer identification Four isomers of farnesol
C,5H,60
Difficult or impossible to identify by 70 eV alone (C15H260)

69
100+ 09 100-
50 o 50
1 M
41
93
55 109 107
122 123
L Ao e
0 |.'.'.'!|." |II 'i.'!'..||'....'|.."..ll...l'....l - 70 eV
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240
69
100 02 1004
81

50+ 50+

41

41 31
93 93
55 109121 137 55 “ 107 123 136
191 161 191
0 I||:. i .Jl‘!ll i ||I I|.|!‘|!.I oot j?j‘ — I|I i I||I e IlI —— 0 I||= .'.l'L|| .".ll. I|.|!||!|I|!|LII II.MllI 'lim l; ."lhl'l g I|I — I|I —ulp e I|I ——
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240
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Confirmation of isomer identification

Distinct fragmentation patterns with Tandem lonisation

81 136
1004 2Z.6Z)-Farnesol §
109 (2Z.62) oy 100 (2E.62)-Farnesol
152 136 g T 109122 s
69 ~ - = -
81 93
16
! 161
50 93 50
191 222
148 204 222
179 179 504
148
41
57 ” 43 =&y
N 1 |V Y T 12 eV
40 60 80 100 120 140 160 180 200 220 240 A0 60 80 100 120 140 160 180 200 220 240
136
100 8l 100
(2Z,6E)-Farnesol (2E,6E)-Farnesol
OH
e e
109 136
69 %9 g1
50+ 122 197 50 123
o3 . 109
161 o 92 o 191
204 179 222
148
148 204
42 57 H “ 43 57 ‘
O |||h|'|- I.|I!|||I I.|I ||!| I||| I||I |I Ihli =| M II!Il!u.I I|II|I : .|'|!'. ’ ||. —— O |”|!|I' -'Ill"| .ll "! ul I r .'l. — I|' ———
40 60 80 100 120 140 160 180 200 220 240 40 60 80 100 120 140 160 180 200 220 240
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Case studies

Fragrance allergens

Breath and FAME profiling




Existing customers

In breath analysis
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Analytical system
Breath VOCs

;xﬁa% «7 sasnss
1. Sampling using 2. Transfer breath to 3. Sample analysis 4. Real-time data
Bio-VOC sorbent tube by TD-GC-TOF MS processing by TOF-DS

» Simple, automated analysis of breath VOCs

» For discovery of biomarkers of disease and precision medicine




Sampling breath for TD analysis
Bio-VOC™ breath sampler

HEALTH & SAFETY
LABORATORY

» Designed by UK Health & Safety Laboratory

= Collects end-tidal air and transfers it to a sorbent tube




Bio-VOC: The headlines

= Easy to use — no need for medically qualified staff
= Volume of sampler = 129 mL
= Constructed of inert materials — PTFE and similar polymers

= No solvent leaching or ad/absorption of analytes on to sampler
from sampler

» Restricted opening prevents sample contamination during
insertion of plunger and transfer of sample to sorbent tube

= Can be used multiple times for one participant within a single
sampling session




bA
Alternative sampling strategies (&;‘w._smne

ReCIVA® breath sampler

» Comfortable sampling mask for direct collection of breath VOCs on
up to 4 sorbent tubes

= Collection of larger sample volumes by extending sampling time

» In use in the world’s largest breath-based clinical trials, at over 100
clinical sites around the world

1 min 10 mins
Sample Capture even low level
whole body VOC biomarkers

=,
. i
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ety
y
N |
N .
L)
L
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Thermal desorption (TD)

Step 1: Tube desorption and optional inlet split

T = Samples are flushed/desorbed
ptional ]
inlet onto the focusing trap
On-line tog o P8 08 e split
samples, ' g3 1
canisters

& bags ot = Efficient operation of the trap and
: E cryogen-free cooling reduces

costs and ensures high sample

Sorbant throughput

sampling

tubes

) = Secure recollection means that

Electrically- \ TD need not be a “one-shot”

cooled .
focusing trap technique.

Re-collection tube




Thermal desorption (TD)
Step 2: Trap desorption and optional outlet split
= Focusing trap rapidly heated (up

to 100 °C/s) in a reverse flow of
carrier gas (‘backflush’ operation)

- : » The analytes are transferred to the
GC (with an optional outlet split)
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Breath analysis by TD-GC-TOF MS

A Acetaldehyde

Ethanol

Isoprene
Acetone
Isopropanol
Dichloromethane
Methyl pivalate
Pyridine

12
" B 14
204 [ l‘J 7 n J\ lMJ Toluene
IR AJiH b nJ 10 Benzaldehyde
10 15 20 25

3 3 11 Limonene
B 4 12 2-Ethylhexan-1-ol
1004 13 Phenol

1 2 14 Menthol

1004

|3
e I
60 g

1
10

OCO~NOGOODWN =

5 » TD-GC-TOF MS chromatograms of
- 9 end-tidal breath from three participants

3.0308 4 10 15 20 25 30 35
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Real-time data processing

Autosampler

Abundance {counts)

Abundance (counts)

GC

BenchTOF

Data file

Background
subtraction

Integration and

deconvolution

7

Library
search

[N

Quant. an
reporting

7.38672E+06

5.92E+06

4.44E+06

2.96E+06

Citronellal

1.48E+06

0.0

Camphor

|socyelocitral

Benzyl acetate

p-Menthan-1-al

B

Ethyl linalool

- T erpineol

Creosol
Myrtenol
Safranal

M

Citranellal

Marol

3-Phenylpropanal

o
i

" d

[B-Citral

u

II'.3EEII"2E+&E'§

5.92E+06

4.44E+06

2.96E+06

1.48E+06

327 160

0.0

1
18.5611

15.8

T
327 16.0

17.0
Retention Time {mins)

1
18.5611

d

= Background subtraction
» [ntegration
= Deconvolution

= Library-searching...

...all while the sample is still acquiring!
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Uncover hidden peaks...
...with deconvolution in TOF-DS

View Processing Qual/Quart Spectral Tools | Peak Detection | Library Idertity Tools Integration Tools @
b RB e &b L2 A S WE & (SRR R A B[ A S S AT e O o S ofh BORE G
Retention Time 13.1758 — 160202_4 sample 281417 _4.0_secs dbelsc [Integrated] | =
Abundance (counts) 2.96814E+06 .
| | - econvolution
g B
nzens =
: | . | m
@ i allowsS masked or
: | i .
@ wn
; 3 co-elutin eaks to
3.68E+06 - 1-Propene, 1-(methylthic)-, (E)- =
[
8 .
3 e confiaent
®
] | £
8 . .
=
- iaentiie
=
2.76E+06 g
— 1 <
= £
§ Hexznal g
= Pyridine ! —°
fi
8 1 ! 5
= [5)
i ‘ =
2 Sulfide, allyl methyl b
2 e s ey 1.4-Digxane | &
184E+06 4 ‘ e
1
' =
| o
1 =
£
4 Propare, 1-{methylthio)- | £
1 Ethanel. 2-ethoxy- 2
Heptare il ] | I S Methyl 2-propeneth &
A ‘ it | | i
9.2E+05 4 | | 2H ene, 5.5-cimathyl- (21 | I ‘ Qctgne
2ethaxy- Trichibtodthylene \ ‘ ‘ i .
Isobutyronitrile 2 ' 1 | Butanenitrile, 2-methyl- i ]
it T-Heptene | | | ] | Il Thiophene, 3-methyl- |
1111 | | ! i-Propene, 1-{methylthic)-, (2)- | ]
Widigiloxane 14Dioxin, 33-dihyd >~ | 2 putmnene ety | i ‘ | Vil | i I !
A \ ' i | nooA | Disulfide, dimethyl ) i ] i N
" \4 I ',k_ Z—HeplenME]— Yoo \ & Rerfane, 23 -imethy- J/k'f | I | ( hemanen. oy ooy
I K \ } i / E ;Y / ¥ \f
004 § . q i (1) N A ! | Im\_mr) L. ‘—//I\ . ezines j \ S \\\. af L | /PL i j \ ™
11.5972 12.0 13.0 140 15.0 16.0 16,9074
Retention Time (mins)
< >
Identified Peak Area Num. Peaks 186
Forward Reverse @
Name Type Match Match Probability RT Mass Actual RT Start End Area Height Width Baseline Group Area % Found Details
Pentane, 2,3,3-rimethyl- Unknown 8538 864 36 14.4428 | DBCTIC 14.4428 143854 14.4937 1.268E+06 |  1.436E+05 0.1083 | X-Axis 0.0287 View
Pyrazine Unknown 871 916 66 147544 DBECTIC 147544 147271 14.8062 6.331E+05|  4.173E+04 0.07917 | X-Ads 0.01433 View
Heptane, 3-methyl- Unknown 801 880 55 14319 DBCTIC 14.819 147687 14.3604 5.188E+05|  7.073E+04 0.00167 | X-Ads 0.01174 View
Disulfide, dimethyl Unknown 857 867 95 14.9205 DBCTIC 14.9205 143521 14.9896 246TE+06 248E+05 0.1375 | X-Axis 0.05534 View
Butanenitrile, 2-methyl- Unknawn 07| [rore 921 91 15.1295 [ DBCTIC 15.1296 15.0729 15.2229 5.194E+06|  5.599E+05 0.15 | X-Ads 0.1176 View v
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Uncover hidden peaks... |
1-Propene, 1-(methylthio)-, (E)-

. . . 1004
with deconvolution in TOF-DS i
-
. 41
100 5 . 504
(2)-5,5-Dimethyl-hex-2-ene -
61
a 1 2 48 55 T
71 |74
& Lusa || Ts0, %0 | %) leesses ool 1| s 75 o2 a5 7%
T T AR NN | T f 1T
55 40|42 44 4345 5|3 b5 59 E|1 69 i 74 & EL a9
- 2.16E+06 72
5 & sl n‘z 454 I
rH wi.iu I T ii “J,\B' RT: 12015 “ ‘
53 | €9 ' 5|’ H‘z 213, 5ol
s
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55
501
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_/ L62E+06 1o 45 73 88
40 50 &0 70 a0 a0
1004 i ) %‘
40 50 60 70 80 50 100 10 120 130 EJ" - 100 g5 150
P .
Trichloroethene
3
*“l 2-Ethyl f | ) v
= y u ran 1.08E+06 - J
504 60
134
50 R'W/QBBD P
95 1 7 62
99
53 RT: 12030 % i I !‘ 65 i Eiz-i | l I| A,
65
52‘ 57 a2 o | &2 | 5.|5.
L e L | s . sae+05 4 47 o
4 51 [ 67 A ) i a
| 134
5 o 504 60 /\/CI
9 yd ] a
50 \ / N 37
H
RT-12:941 RT. 131
0 v ———"" |10 9%
12.3'814 12“9 12.'95 1'3 . 13.'05 13'.1 1.D
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Comparative analysis by ChromCompare®
Step 1: Apply a target library

uuuuuuuuuuu Newuiay s su s L ]

1.9129E+07
Sample A [Integrated]
Acetone
1.6E+07
|soprene  «
1.2E+07 Ethanol
B Limonene  «
=
2
8 A
% Phenol
o
5 I
2 Toluepe
= [
BE+06
-Ethyl-1-hexancl /|
onanal  «
dethylene chloride
s
2E+06 |
idi '
Dichlorodifluckomethane Pyridine
|
| Octanzl .
T n-Hexane Hexanzl v
Methyl vinyl, ll(eﬂme ./ Benzaldx'ihyde 0 | *
i i : TR Sy
! ldehyde o ! . I Hexanal x . | . .
e Flan 3l Ny i i | 6 Y ' ) i BT L Canelle <,
. Dichlorodifiucromethane Isoprene r-Hekane firichlofosthylete), x, | Hexanall x . | Eenzaldehyde | xiPhencls xijf o SN b e, 3 Gafbeifline bt L
13914 2 10 15 25 30 328145

Retention Time (mins)
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Comparative analysis by ChromCompare®

Step 2: Launch file in ChromCompare module

* Chrom Compare

JasmoIg 1N sy

— ] x
Summary Compounds
Match Factors Compounds
i Non-inear factor: | 0.70}% ~
i 145 ﬁ+ on-linearfactor Compound Exclude® S1Area S2Area Area Ratio ;&SD—AHT Weight Order
Sample A Sample B Sample C Sample D 3 i,
Sample 8 942 . 837 970 74 Acetaldehyde O 4 61484E+06 1.54285E+08 0.0299 0.00 1 2
Sample 217 837 B a1 9 Ethanol ] 1.49168E+08 2.34877E+08 0.6351 0.00 1 3
Sample D 929 970 o1 - 84 Isoprene O 1.63573E+08 3.43827E+02 0.4757 0.00 1 4
Sample £ 748 761 280 a59 B Acetone ] 2.23456E+08 3.80132E+08 0.6141 0.00 1 5
Dimethyl sulfide O 3.84851E+06 2.91496E+07 0.132 0.00 1 6
Methylene chloride ] 5.79317E+07 1.10655E+08 05235 0.00 1 7
n-Hexane O 1.72832E+07 1.89487E+07 0.9121 0.00 1 8
Furan, 2-methyl- ] 3.42189E+06 3.42430E+08 0.9993 0.00 1 9
Methyl vinyl ketone O 1.23691E+07 1.37599E+07 0.8989 0.00 1 10
Trichloroethylene ] 3.61979E+08 2.35205E+07 0.1539 0.00 1 "
cis-Methyl propenyl sulfide O 2.56098E+07 2.01041E+07 0.8507 0.00 1 12
Methyl Isobutyl Ketone ] 6.45343E+06 7.3621E+06 0.8766 0.00 1 13
< > Pyridine O 3.23983E+07 2 27905E+07 14216 0.00 1 14 W
1072.82084
Unknown
880
660
@
3
=
o 4
=
£
E
E
440
220
Y @ @ =] @ z o @ @ - @ @ = @ = @ = @ = @ = <) @ = @
] S H 5 5 = = g £ s & E 5 5 g § B H 3 = 5 5 5 B
= £ = a D El =} £ T T =3 = & =S = = = o 5 = T 5 s =
g = w 2 £ = G T E = = = x & = T =] o £ a o = =
E = = = “ L I = ] = = = = B 5 = q
5 g 2 = = - E g g 5 ] - b 2 =
ER E 5 E 2 = & 4 & E & 8
5 a £ = = 2 = o fin
<] @ ] = £ = &
53 = = T =
= = <
8 % 2
5]
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Comparative analysis by ChromCompare®

Step 3: View results in match factor matrix

» Match factor matrix displays results
for pairwise comparison of samples

= Match factor (1-1000) indicates how

Watch Factors similar/different samples are
it 15 2| i Non-linear factor: = 0.70%
Sample A Sample B Sample C Sample D Sample E — The h|gher the match factor, the
b SampleA |- - 817 929 748 greater the similarity
Sample B 942 - 337 ar0 761
Sample C 317 337 - 911 9380 . . ]
SampleD  |929 970 911 - 859 = Fast, simple, robust and objective
SampleE  [748 e 980 859 : comparisons between samples
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What if we add GCxGC?

Analytical system

Injector 1D GC shows a
single peak

200000

Primary column Secondary column
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GCxGC-TOF MS as a screening tool for breath biomarkers

Ethanol

Acetone

Isoprene n-Butanol

TD-GCxGC-TOF MS
surface charts of breath
profiles from two
participants

Enhanced separation for
Increased confidence in
identification of
biomarkers of disease
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Enhanced separation of chemical classes

TD-GCxGC-TOF MS
surface chart of a
complex breath profile
after eating

>800 peaks detected

Impossible to fully
characterise by 1D GC




Enhanced separation of chemical classes

................

6.5995 1 T ' | Alkyl furans A|dehydeS
| | ‘ Unsaturated
y | \ aldehydes
\ \ \ Alcohols
s | ,
Las:tones t
\ \ \ \ ' '
!
| ! ' Carboxylic
'y ' acids
. \

~
L

1.6 1 T
2.6617 5 10

20 35 36.5422
1ty (mins)

» Structured ordering of GCxGC simplifies the identification process

= Enhanced separation provides cleaner spectra for confident identification




What more can we offer?

Tandem lonisation for enhanced confidence in identification

» Acquire hard and soft El simultaneously

= Complementary spectra to confirm compound
identity

= Between-spectra ion ratios as additional
qualifiers

= Confident isomer identification
— Not possible based on 70 eV data alone

» Patented technology

1 12 eV 120133

148 161

148 161




Tandem lonisation in biological monitoring

Derivatised Urine extract

L T
111111

llllllll



Tandem lonisation in biological monitoring

Derivatised compounds

Uric acid 4TMS
: : 70 eV
= Reduces the dominant ions 1001 7 >ji\0
associated with derivatisation \ /
N Si——
N \\ /
50+ >S‘|\\0)\<N> N/ 441 456
: Y
= Enhanced molecular ion and 147 A
other structurally-significant Sl g | s se7 |
. \ i " el [ I, L , L li Jua "
lons A I A F SO A S
100+ 496
14 eV
= |Improved confidence in
identification, especially n
within complex samples.
441
319 382 M
L " N |. Iy I
TTU0 e @ 100 130 A0 160 180 200 230 240 280 280 300 320 540 360 30 400 430 440 460 430
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Tandem lonisation in biological monitoring

Derivatised compounds

= Reduces the dominant ions
associated with derivatisation

= Enhanced molecular ion and
other structurally-significant
lons

= |Improved confidence in
identification, especially
within complex samples.

1004 73 Catechol 2TMS 70 eV
! \
80 s
o
EIIJ: P__}SI\ @
40-
20 45 I 254
. NI‘ j _M’ L 1 |]|[
| ® ? 239 256
20 |_|_
404 255
( 14 eV
60-
E 73
80-
100 )
| 1 I | r
0 50 100 150 200 250

Mass (m/z)
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Tandem lonisation in biological monitoring

Simplified parametric filtering (scripting) with Soft lonisation

= Within the software we can o5 Expression builder — O >
write ‘scripts or fllters to Ordina 254) Easal o E o List
search for specific p—
compounds or compound Hhanesd
classes RT1 | RT2  Ord . Fqual to Mot=
LACTONE
mod Rel Fer abs < > lactones
= Much more powerful than = lactones working
. D — —
extracted ion chromatograms = | [Gear || €[ : ’ mone Naphthenes
(E| CS) 7 a 9 = AND OR
4 5 [ X Intensity | VarMass
1 2 3
0 +
Mame Catechols ion ew
Ordinal(254) Equal ta 1
Save Properties. ..
Add Edit Delete Cancel
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Tandem lonisation in biological monitoring

Simplified parametric filtering (scripting) with Soft lonisation

B D:\Laberca\Laberca GCxGC\170313 run Laberca Meta QC2 70eV_0.2_secs.dbc filter.Isc = X
, Prucesslng Qual/Quant Spectral Tools Library Identity Tools @
T L%m:: Ao N UE S I T O B T 0 [ IB0IR R AR [ [0 Lt B s g
ig, ‘@F i s it ik iz “—‘[70313run Laberca Meta QC2 70eV_0.2_secs.dbe filterlsc |
= = 641
z 1
= - - -
5 | Filtered image searching
£ H ' |
- . ‘ Yy { 15 ' for Catechol base peak
8 : ! - |
- 1R s AU, : ' m/z 73
TR R AR . 1y 7 [ T L R
il
) Jl i \ " ‘,. W " TR R R LR TR L i

o ' ' ' ] ' ' '

14 T T T T T T T T T T

6\35776 15 20 25 30 35 40 45 50 55 59.9999

o

-l

{ KUY TIC 70eV

W
‘ ' '
24
i
14 T T T T T T L T T T T
10.2776 15 20 25 30 35 40 45 50 55 59.9999
Spectra [RT = 20.2231] Catechol, 2TMS derivative [Lib:mainlib; Fwd:889; Rev:963] { ‘_"
Mass (m/z) 693.096 | ~
Abundance 77316.2656 E
) 7.
8 100 3
= -
3 80
% 604
Sana i
2eans ] 77 254
= sosr0i=] 27 45 I |l
0 A il = T T T T T T T T 1
100 200 300 400 500 600 700 800 900 988.7935 Vv
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h_\_ D:\Laberca\Laberca GCxGC\170313 run Laberca Meta QC2 14eV_0.2_secs.dbc filter.lsc

Tandem lonisation in biological monitoring

Simplified parametric filtering (scripting) with Soft lonisation

il
.

6

File Export View
W0l R ee
= it, 37.0624
‘@ 64’_lntac-:nsity 0

Processing

o

AMAW T Al

2, 6.3026

Qual/Quant

IA{?@IJ

Spectral Tools
A5 N K R AR

Library

Identity Tools

# 4 ma
B | /5 wi f7

= X

(&]

P2 9 ¢ |[= 170313 run Laberca Meta QC2 14eV.0.2_secs.

dbc filterlsc v ‘

a . Filtered image searching
for Catechol base peak
now m/z 254

19smoug 3nsay (v,

2ty (secs)

292775 15 20 % 30 35 40 4 50 5 59.9999

TIC 14eV

W
' ' '
N |
14 L
: T T T T T T T T T 1
10.2776 15 20 25 30 35 40 45 50 55 59.9999
< >
Spectra [RT = 20.2229] Catechol 2TMS 14eV [Lib:lc library_1; Fwd:985; Rev:985] {’
Mass (m/z) 284 |
Abundance 29221.8945 =
I 254
13 100
g 80
= ] 73
% 601 |
b 404
Scanset B i7|7 ZES
i 6066912 2] 45 b 233 256
0 h il . il . . . . . i
125 250 375 500 625 750 875 10013087 v
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Tandem lonisation for biological monitoring

FAMEs in blood plasma extracts EAMES standard
(
55 0 @o o
= Expansion in red shows FAMESs of | i @ 0
interest in human blood plasma ] b EM@M%@@M L) ¢ i )
. s b bD e
. . . Horse blood plasma extract
» Green boxes highlight interferences
separated from compounds of interest |
M @ @l | »
| I/=‘ ) @“a@.'@‘@'ﬁ‘“
= |n 1D GC, interferences cause the il .- e ] .
quantified concentration of FAMEs to T — “ ~ Human blood plasma extract
be overestimated I i | |
¥
@ 0 . |
| ﬁm& t;nsle s @%0 ©© A, “.@@‘! by (g
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Tandem lonisation for biological monitoring

FAMES in blood plasma extracts

C18:3 (w—b6) C18:3 (w—-3)
79
1004 &7 100 79
70 eV 70 eV
67
0 - )
501 =N OMe 501 95 TN OMe
107 ] 108
120
135 15‘0 163 194 292 121435 450 292
0 - Y | T | | 0 m 1|I[ Il L . L . .
79 108
100 1 .
_— 150 - 12 eV 100 12 eV
94 194 292 79
55
50 - 50 - 67
136 162 94
120
108 175 122 136, 263 292
164 249 | ‘
0 0 M |...‘|l | .||| || L |1 | L |.

» Enhanced confidence in identification of compounds with similar 70 eV spectra
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What more can we offer?

Centri® sample automation and concentration platform

= Centri is the ideal platform to tackle the diverse
sample matrices involved in biological
monitoring

= Multi-purpose, GC sample-introduction for the
analysis of solid, liquid and gaseous samples

= World-leading trapping technology with secure
sample recollection for added confidence in
any sampling mode

/ >

/ -

Headspace and
headspace-trap

ﬂ HiSorb high-capacity
7\‘~: . .
"/ sorptive extraction

\ y

3 Tube-based thermal
desorption
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Summary

» Flexible, multi-hyphenated systems to solve analytical
challenges

= BenchTOF provides the speed, sensitivity, selectivity,
stability and spectral quality required for confident analysis

= Tandem lonisation and parallel detection provide additional
layers of information on sample composition

= Tandem lonisation provides increased confidence in
identification

= Accurate Deconvolution allows you to find the ‘hidden’
peaks

» ChromSpace software provides streamlined workflows to
unify lab processing
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Contact SepSolve

Email: hello@sepsolve.com
Tel.: +44 (0)1733 669222
Web: WWW.sepsolve.com

Twitter: @SepSolve

LinkedIn: www.linkedin.com/company/sepsolve-analytical
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