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Anthias Consulting Ltd S)ntmas

* Analytical training & consultancy services focusing on
specialist subject fields of gas chromatography, mass
spectrometry & periphery techniques

— Scheduled and bespoke training from many industries & all
levels of experience in technigues, hardware & software

— Applications support to help choose the best techniques

— Our consulting & instrument business areas to advise &
support from assistance with method development to
application support & technical authoring.

— Teaching theory, hardware, software, method development,
troubleshooting and maintenance and impart our knowledge
and many years of experience in these subject areas

— Customers from UK, to Middle East including PetroChemical
companies like Saudi Aramco

Bndgmg the Gap

© Anthias 2005-15 www.anthias.co.uk 2 of 33



Course Accreditation S)ntmas

Bndglng the Gap
f R?YAL A 20+ training courses formally
OFCH;:::Z approved by Royal Society of
< : \' -
"% ‘training Chemistry

“The objectives of course approval are to highlight good
guality training available to the community & encourage
members’ continuing professional development
(CPD)...The approval process is one of peer review,
Involving assessment against set criteria by members

that are experts in their field”
Dr Andrea McGhee, RSC Accreditation Development Specialist

© Anthias 2005-15 www.anthias.co.uk 30f 33



The Open University ~ AnthiasCon

Bndgmg the Gap

 All practical scheduled courses take place here at
Walton Hall, Milton Keynes, UK

 Tailored training & consultancy services too
» Distance learning and research university

« The Open University ranks in top 3™ of UK universities
for iInnovative research & development

« Planetary & Space Department

— Investigates the origin of the Solar System, evolution of the
planets & the conditions for Life integrating use of
spaceflight instrumentation with laboratory analyses and
simulation

— Instruments developed have been utilised for applications in
health care, such as TB & cancer detection

© Anthias 2005-15 www.anthias.co.uk 4 of 33
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Bridging the Gap
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Approved
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Applied Deconvolution

Theory of Deconvolution

© Anthias 2005-15 www.anthias.co.uk



GC-MS separation methods S)nthlas

Bndglng thé Cap
« Chromatographic resolution

Analytes are physically separated - J }L JL

uuuuuuu

by their selective interaction with -

0000000

stationary phase of analytical - e L
column & elute at different retention
times

« Analytical resolution

Analytes eluting at similar retention
times are separated by their
different (unigue) masses

Those analytes with same retention
time AND all same masses cannot
be separated

© Anthias 2005-15 www.anthias.co.uk 8 of 33



GC-MS = 3D data ),nthias

Bridging the Gap

MS adds another dimension

A of iInformation, enabling both
separation & identification of
2 analyte
g )
s o ik I I
i e '
| |
“J II Il |Il I |
@/7,</~O X I | e
e i\‘,l Wes® S0

TIC
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GC-MS = 3D data S}nthlas

Bndgmg the Gap

Take a single data point on

A a peak in x-axis = a mass

spectrum

>

2 A

E WaS® N

//‘
Spec,\(\)«\

Wes®
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GC-MS = 3D data S}nthlas

Bndgmg the Gap

Extract a single ion from z-

A axis = an extracted ion
chromatogram

Pan)

2

Q

c =~

— \

l?efG/”/. \ T~
Op 5. o
Time ~a
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TIC S}ntmas ing |
Bndglng the Gap

* Abundance of each mass at a particular data ,  chromatogram: Tic
point is summed to produce a total ion
current

« This is plotted for each data point (or scan)
* A 2D total ion chromatogram (TIC) Is

produced of retention time versus total ion

current

« Selecting a single data point will then give a
mass spectrum at that point in time

 If two peaks are co-eluting it will give a mixed
mass spectrum of both peaks plus any
background like column bleed

Mass Spectrum

© Anthias 2005-15 www.anthias.co.uk 12 of 33




EIC 5)\"““35

Chromatogram: TIC

Bndgmg the Gap

00000000
oooooooo

00000000

0000000

] Chromatogram: EIC ion 154

uuuuuuu
uuuuuuu
UUUUUUU
uuuuuuu
ooooooo
uuuuuuu

0000000

ooooooo

ooooooo

« Extracted ion chromatogram of 154 ion
— Only peaks containing 154 ion can be seen

« Useful for looking for a particular known analyte
« Multiple ions can be extracted and summed if required

© Anthias 2005-15 www.anthias.co.uk 13 of 33



Why use deconvolution? S)ntmas

TIC

Mass 105
Mass 94
Mass 176

© Anthias 2005-15

Bndgmg thé Cap
If individual standards analysed — could

get retention time & mass spectrum for
each peak

For target analysis where retention times
& lons are known can identify & quantify
analytes on unique masses

For unknown samples:

— Can you see If there are coelutions?

— Can you get a high quality mass spectrum
for library searching & identification?

For target analytes, scan & SIM:
— Coeluting peaks

— Matrix interferences
www.anthias.co.uk 14 of 33



Analytical resolution S)\nthuas

Bndglng the Gap

|
94 198 176 94 105 176

TIC

Mass 105

Mass 94

Mass 176

94 105 176

© Anthias 2005-15 www.anthias.co.uk 15 of 33



Deconvolution definition AnthiasConsulting Li

Bridging the Gap
“...in the broad sense of extracting one signal from a
complex mixture...” (From AMDIS)

B AMDIS-Chromatogram - Component Mode - SPINACH.D

File  Analyze Mode Wiew Library Options ‘window Help
 C:AMSDCHEMAM ADATAVSPINACH.DADATA M5

100

73

=0

25

- -
"y PP

Time: 15277 15.203 15.309 15325 15.341 15.358 15374 15.390 15.406 15422 15.438 15.454

© Anthias 2005-15 www.anthias.co.uk 16 of 33




Deconvolution example S}nthiasConsulting Ltd

Bridging the Gap

100

Abundance [10.2%] 0 targets (7), 11 components (*) ‘

58
\(\/\ W%O
50 ‘
504 59 —T— cl 50
5 124
250
57
ol ‘ 5354555 | | [ 60 - T 0P 190170194 210205 | 268
50 52 54 5 58 60 62 64 66 68 70 40 60 80 100 120 140 160 180 200 220 240 260 280

Tetramethylammonium chloride Perhydrofarnesyl acetone

© Anthias 2005-15 www.anthias.co.uk 17 of 33



Deconvolution ))nthias
Bridging the Gap

/ Peak True - sample "S27-6 pH2:1", peak 228, at 370,464 seconds (Spec #

Vs /
] 227 228 2=0 221 ] 12
4000 mmz Deconvoluted

500 4
' 248 348 392 454

3000 7] S0 100 1500 200 2300 200 350 400 450 500
Reference Spectrum - Match 764, Reference "Mix", Analyte "Dizainon”
2500 . 137

1000+

179 Library

24z 304

1500 A 50 100 150 200 250 300 350 400 450 500
\ Caliper - sample "s27-6 pH2:1", 370,464 seconds to 270,464 seconds (Spe
1000 -

266
10005 137
e-{f:J 23-% {60 ) Not deconvoluted
500 _ HH:—:—:_:'

| T T T T | I | | 500 -
Time (seconds)  369.75 370.25 37075 371.25 3
137 266 —— 186 172 —— 170

08— 111

304 413

SO 100 1500 2000 2500 300 3500 400 430 500

Courtesy of Leco Instruments

© Anthias 2005-15 www.anthias.co.uk 18 of 33



Deconvolution summary AnthiasCon

Bndgmg the Gap

Detects differences in mass spectra across a peak
which can indicate co-elutions

« Mass spectra across peak should be identical (no
spectral skewing) with ions same apex & shape

« Changes indicate another peak

 Algorithm derives mass spectrum for each peak which
IS high quality & library searchable

© Anthias 2005-15 www.anthias.co.uk 19 of 33



Deconvolution example  nthiasCon

TIC & Spectrum  Deconvoluted Peaks and Spectra

Bndgmg the Gap

TIC
Matrix

Component 1

Component 2 |L‘I

Component 3 l
Interference

Deconvolution
I L

Target

© Anthias 2005-15 www.anthias.co.uk 20 of 33




Deconvolution: Basic Steps S)chlas

Bndgmg the Gap

Exact steps dependent on deconvolution software:
* Noise is defined & compensated for

e Scan skew Is corrected

e True peak maximum found for each ion

 lon profiles are tracked, rate of rise/fall

« lons present in mass spectrum of that peak should have
— Same apex
— Rise up & fall together (have same shape)

« Deconvoluted mass spectrum produced for each peak found
according to settings/integration parameters

« Deconvoluted mass spectra can be library searched
* Retention index can be used as a qualifier to check correct
Isomer identified

© Anthias 2005-15 www.anthias.co.uk 21 of 33



Deconvolution process S}nthlasw ulting Lt

Bndgmg the Gap
Non-deconvoluted apex spectrum149 176 182
A2 94
Y05 207
TIC
Mass 207

A non-deconvoluted
Mass 42

Mass 149 spectrum
Mass 176
Mass 105

Mass 94
Mass 182

© Anthias 2005-15 14.13 min www.anthias.co.uk 22 of 33



Deconvolution process S}nthlasw ulting Lt

Bndgmg the Gap
Non-deconvoluted apex spectrum149 176 182
42 94
105 207
Mass 207

Ty Extracted lon
Mass 149  Chromatograms (EICS)

Mass 176 around apex spectrum
Mass 105 Rt

Mass 94
Mass 182

© Anthias 2005-15 14.13 min www.anthias.co.uk 23 of 33



42

Eliminate ions: different apex anthias(j@:"«;.';'1;~ td

Bridging the Gap

Non-deconvoluted apex spectrum 176

149

207

© Anthias 2005-15

Mass 207
Extracted lon
Mass 42

R 10 Chror_natograms (EICs)
Mass 176 with same apex

14.13 min

www.anthias.co.uk 24 of 33



Eliminate ions: different shape S)nthlas ting Ltd

Bndgmg the Gap

Deconvoluted spectrum
P 149 176

42

Extracted lon
Chromatograms (EICs) that
have same shape & apex

‘Clean-up’ or ‘deconvoluted’

Mass 42 mass spectrum
Mass 149
Mass 176

© Anthias 2005-15 14.13 min www.anthias.co.uk 25 of 33



High quality GC-MS data S}nthlas

Bndgmg the Gap

« Always some chromatographic resolution
— Total co-elution (apex & same shape) can not be deconvoluted
« Always obtain good peak shapes
— Sharp, Gaussian peaks are easier to deconvolute
« Ensure correct mass range is obtained for deconvolution
« Ensure there are enough data points across peak

— Improves peak shape, enables accurate identification of apex,
enables deconvolution of closely co-eluting peaks

e (et good signal to noise

— Any data system will handle large, sharp peaks better than
working in noise region

— Reducing noise & improving signal can be applied throughout GC-
MS system from carrier gas to MS detector & sample prep

© Anthias 2005-15 www.anthias.co.uk 26 of 33
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AMDIS Deconvolution S)nthiasConsulting td

Bridging the Gap

T AMDIS Chromatogram - Manual Made - CARDSP.D B=n F=0 ==
File Analyze Mode View Library Options Window Help

(1} a
Time: 10.56 11.00 11.44 11.87 1232 1275 13.19 13.64 14.07 1451 1405 1539 1583 16.26 16.70 17.15 17.58 18.02 1846 1890 19.34 19.77
Abundance [168] | Scan 603 (15.044 min) and Manually Extracted spectrum

* Chromatogram not deconvoluted

50 60 70 80 90 100 110 120 130 140 150 160 170 180 120 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370

Pesticides in cardamon oil

© Anthias 2005-15 www.anthias.co.uk



AMDIS Deconvolution SynthiasConsulting Ltd

Bridging the Gap

Individual components (peaks) selected component in red

e AMDIS Chromatogram - Compenent Mode -
%FI Analyze Meode View Library  Option: ﬁindow Help

un || Fesoale || o[ ||

16 targets (11), 261 cqulpomnts [\4] 8 8

| Scan 850 (17.079 min) and Extracted spectrum (17.076 min)

Raw mass spectrum

© Anthias 2005-15 www.anthias.co.uk



AMDIS Deconvolution bnthiasConsulting Ltd

Bridging the Gap
Target components (T) found: match against the target library

E AMDIS Chromatogram - Component Mode - CARDSP.D - [CANISTIIVAMDIS32\TUTORIAL\CARDSP . DADATAMS] || ER M
QE File Analyze Mode View Library Options Window Help |T||?”?
I Rescale | Info... I J_I

Abllmhlce 16 targets (T)’ 261 oqulpOIelts(V) .
1) e e e e e e B e e e e e e e

Time: 10.55 10.97 11.40 11. 83 12.26 12.69 13.12 1355 1397 1440 1483 1527 1570 16.12 16.56 16.99 1742 17.85 18.28 1871 19.15 19.58 20.00
Abundance [7.36%] P 7 ctradecanoic acid ~
100 = 1277EG- 2 2.6.10-Dodecatrien-1-ol, 3,7,
- 130070 | ||Caffeine (

13.4545 Spiroxamine
13,6761 - |Hewadecanoic acid, methpl e _
14no0a . 2 L ]
Component: b atch:
Wwidth = 5.9 scans + |Expec. RT =1200 -
Purity = 57% Met = 88

Model = TIC - |wieighted = 83 -

12.013 12.021 12.029 12.038
| Scan 234 (12.005 min) and Extracted spectrum (12.005 min)

Raw vs. deconvoluted mass spectrum

25 50 75 100 125 150 175 200 225 250 275 300 325 350 375
| PESTPLUS(MF=88) 1/2: Tetradecanoic acid and Extracted spectrum

Library hit vs. deconvoluted

mass spectrum

miz= 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375

© Anthias 2005-15 www.anthias.co.uk 30 of 33



ACD/Spectrus Deconvolution »nthiasConsulting td

Bridging the Gap

SVOCs in an Environmental sample

i3 ACD/Spectrus - CAIXCR Results\SYOC 18 10528781 1 Centroid_El+.esp ==
File Edit View Process Analysis Tools Database Options Windows ACD/Labs Help

= 8L B

M § BT PP -

Open Peak Detection Interpret Analysis
_ ) g - - =] g = s i ]| s
&= @ [F-ER-. E il e e
Crganizer... IXCR Options I¥CR Setup Batch IXCR MSSearch IXCR Process 1-1 Compare Options lon Compare Mark Peaks Review Comparison ID Peaks
- H SVOC_18_10528781_1_Centroid_El+  ~
Recent fi = Il_ 'I_ - = -
Al files ‘ l
: |

o &

o=

" Wl

) | M-
Exampl

2

=

© Anthias 2005-15

Fl=

Y

2

D

M
les

m o0

-

Tic {EI+]!I

WS

SVOC_18_10528781_1_CENTROID_EI+.ESP MASS 4411 -

b

www.anthias.co.uk

scans Detector Lag: 0 =
Courtesy of ACD/Labs
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ACD/Spectrus Deconvolution &nthiasConsulting Ltd
Bridging the Gap

[i53 ACO/Spectrus - DADatsiFragrance Dta.for_ Compare\DIR0E AW
gumhmmlnnwwmgcmm

COELE SR ARLITE E Ay e

L wm
d@ 2 qdaq a T-2@-

Orgenzer Matrx s OAD  DCR Opions M5 Search mm WER Revew DR Resnnotaste 101 Compare Optens lon Comparnos Mork Pesks Revew Comparmon € Pesks

et - [ DI & & B8

Cr'p- -

s

)i S
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1Sulting Ltd
Bridging the Gap

ACD/Spectrus Deconvolution &nthiasb‘o

@ ACD/Spectrus - C:\Users\Imran Janmochamed\AppData\Reaming\Advanced Chemistry Development\Spectrus\IXCR\Search Results\911.esp || X
File Edit View Process Analysis Tools Database Options Windows ACD/Labs Help

SRl i AN TR A £ I

Open Interpret Database Report  ChemSketch

& d qg @ 2R . soecra 10 2| ]| G ) [ | 2 v @

Organizer... [XCR Options IXCR Setup Batch IXCR MSSearch [XCR Process [XCR Review [¥CR Reannctate 1-1 Compare Options lon Compare Mark Peaks Review Comparison ID Peaks
Open Data Ch...

Recent flles
225 5 Tetramethyl 4 sthyl 2 imidazoine 1 oxyl 7 3
Al fles —I-i';-e ramethyl4-ethyl-3-mdazoline-1-ox [Phenal, 4.2-(1-methylethyldene)ois- @

£, coos) -
C IEII;LU(IL Mr\ h_Jl P |

= FMIUSE DISK)
C | I | J l
)? R L.. Lol LJ_“J " HJS._ L " A h

8 [AnthiastpplicationM ates [Waerver])
.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.........,.......

L ZN [AnthiasConzulting [Weerver]]
3 4 8 9 10 11 12 13 14 15 16 17 Retention Time (min}

P

*| Documents

e O O o B R

|| Metwark
Examples

, CFOLDER

, CHEMBAS
, CHEMSK

, FORMSMAN
, GC

| HFLC pa 100 Ret. Time: 3.5180 e
e Hit Name: 2,2 5 5-Tetramethyl-4-ethyl-3-imidazoline-1-oxyl

O MF: 588
) RMF: 588

| NaME Quantitated Amount: 0.00
, SCRIPT_SDK

, SPECMAN
ocLments

SWOC_18_10528781_1_Centroid_E|+.es)

2100

o E-8-8-8-8--E-E-E-E-E

88.100
139.100
112,168

154 200
El ||
wll, Al i |

|'"'I""I""I""I""I""I""I""I'"'I""I""I'"'I""I""I""I""I""I""I""I'"'I""I""I""I""I""I""I""I'"'I""I""I'"'I""I""I""I""I""I""I"'IT‘I'"'I""I""I""I""I""I""I""I""I""I""I q DD DD

50 20 100 120 140 160 180 200 220 240 260 280 300 320 340 350 380 400 420 440 450 430 500
911.ESF MASS i $Cans

911.esp

Courtesy of ACD/Labs
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TargetView deconvolution S)nthiasConsulting 10

Bridging the Gap

Deconvolution of co-eluting compounds
« ldentification of 2-Chloroacetophenone (CAP)

e  cm—
Target Livary. O8_OR we> Tevpley
Target Irce veester
rry e ooy rget specTen
cs S s JTC
| Devane /M- " raoe
A
e » Complex diesel TIC
=2 profile
i .. LJ h‘ { - CAP RT =8.814 mins
104
| « CAP match =0.899
..._'A)J--)AMAAJ ‘J'M el KL, J LJ
188 4 s 2
- *__3, ‘ -
(o-g..;...sl-]-on—-'-a—m =18] _E_ﬁ
RESLHABEE -1
qb“ =J (1 Owamstngran: Laniill_40_de cie JOJ ‘L{. g gJ
Red bar target : - Tama THCECRE
100+
compound (CAP) i ' - LA 1t Basashans 4 30cn Cade 08
C ? { e o Omat DEs, Nome
'T v.\";;-, . 14 \ n ;3::‘:':‘:‘2\&?40: T Wt
JTIE [ =[] |27 SpectruZE Sy nu w
Grey bar/profiles v 11" | 2w e o | TS
fi knowns Yo W wm owm T W I TRCE Cho
or un [ Fasd T Yt N TREETR | iusepegsryte) TROECANE !
| IS et tee [CBR BN TR | onvatoss s (VTS
87 &5 &8 885 89 8% Lia Liuna [Rumalons LT iene 5
retention tme (mij 2w X3 %9 MY TROECANE
2 2 ) - m ", ¥ TROECANE
- o B3 TROCCANE g
' _g@ o e e R )
T b tewcn [[Ovwtewh | Neees | Cowes | lbewen | Wem |
dert Jdere

Diesel Oil containing trace CWA agent
compounds
© Anthias 2005-15 www.anthias.co.uk
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Aroma profiling of Cheddar

Cheese
Deconvolution of masked or co- gt}

eluting peaks

100 st
5 106
192
| | ik
il T T T
51 63 65 L 52 103
50
@ b
1004 g
50 60 70 80 90 100 1o
[=TT0708_T2_dbc_20_dbc - 5366 mir] _ Headio Tal PS4 RMF=37% [~ Eanzene, 1.3dmathyl-
Gifference j, Head to Tail “Subtracton 841 8T3R 254
| # [ub | match | R Match| Prob. (%) [ Name
@1 M 873 254 Benzene, 1,3-dimethyl-

/

Abundance (counts)

7.53095E+07

6.08E+07 -

4.56E+07

3.04E+07

L52E+07 -

0.0
0.0

5411

7' B.36B /—1\

et
9.325

T T T
9.35 375 9.4 9.425 9.45
I_ 'i Retention Time {mins)
‘ AT TP ‘ Tl LT Sl
5.0 S 250 30.0 350 39.0071

0 200
Retention Time (mins)

© Anthias 2005-15

43
1004
504
55 61
55 .
| “ ! rt | o i
35‘ ‘ I}
61
55 Q
504 H
70
100 p
40 50 60 70 80 90 100 110
[« TT0708_T2 _dbc _30_dbc - 9.396mirl _Headto lal MF=003 RMF=006 v etic acid, pentyl ester
Gifference 1 Head to Tail Subtraction ‘903 506R 85.6P
| # | Lib. | Match | R.Match | Prob. (%) | Name
‘ @1 M 903 906 856  Acetic acid, pentyl ester

www.anthias.co.uk

\
|

-

'

TargetView deconvolution S’nthias

}

|

\

|

-

‘\
J

100
93
504
33
53 78
77 107 121 136
51|55 81
I" ANE— L1 l ‘I s | |
A I LI LY A S
39 5 ] 107 ) 136
T
50 93
=
1004
40 50 60 70 80 90 100 110 120 130 140
[ TT070%_17_dbc_20_dbe - 5353 mil _Hesdio Tal MF=BEE RWF507 I+ Timonene
Gifference ), Head to Tail Subtraction 888 907R 23.9P
[_# [ Lib. | match | R.Match| Prob. (%) | Name
[m1 ™M 888 907 239  Limonene
100
50 7
.
O
o 3
55
85
50
ul
1004 57
50 60 70 80 90 100 1o 120 130 140 150 160 170
[ATT0708_12_dbc_40_dbc -9. 411 mrl _Head to lal MF=006 RMF=807 ~ Dodecane
Difference A, Head to Tail Sublraction 806 BOTR 15.7F
| # | Lib | Match | R Match | Prob. (%) | Name
=1 M 806 807 19.7  Dodecane

Courtesy of Markes International
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Abundance (counts)

TargetView deconvolution

Fast GCMS analysis of an EPA Pesticide

and PAH mixture

Deconvolution of four pollutants

giiy

8.91944E405

7.2E+05

5.4E+05

3.6E+05

RT 5786
cis-Chlordane

RT 5754

1.8E405 Endesulfan

0.0

Chlordane

Forward match
Reverse match
Probability

RT 5.802
Pyrene

RT 5804
trans-Manachlor

[

T T
5.7727 5.78 5.79

© Anthias 2005-15

T
5.8
Retention Time {mins)

nthiasConsulting Lt

Bridging the Gap

Pyrene

- 202
0 Forward match BG66 OO
Reverse match 925 Og
Probability 42.1%
50H
cl cl 10
BTE Cl [ x|
885 ° k8
48.1% oo cl
50H
Ry 202
a-Endosulfan (Endosulfan 1) cl Cl
Forward match 913 %-
Reverse match 913
Probability 21.4% © '“*no\seu
100+ E 41
trans-Nonachior o (]
“-.T."u
Forward match 842 -
Reverse match 845 oo H
Probability 32.5%
L s Qo

WWw.dllnids.CO. UK

Courtesy of Markes International

ans
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Pros & cons deconvolution S)chlas

Bndglng thé Cap
* Help to identify peaks you don’t know are there!

« Can provide cleaned-up mass spectra that is difficult to get
manually

e Can be used on full scan + SIM/IMRM data

» After peak finding & deconvolution, can search libraries
automatically & use retention time/index as qualifier

« Software dependent, need to optimise settings to pull out
all useful peaks

— Too many ‘noise’ peaks vs. missing peaks of interest
« Cannot be used identify isomers
— Can use retention indices automatically

« Cannot deconvolute peaks of identical retention time &
shape

© Anthias 2005-15 www.anthias.co.uk 37 of 33
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&
Thank you
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