Welcome to Agilent’'s
Lunch & Learn at IMSC 2009

CLEARLY
BETTER

LC/MS - GC/MS - ICP-MS - CE/MS




Agilent Lunch & Learn
Monday 13:00-14:00

_ _ Agilent Hospitality Suite Monday
Introducing the new Agilent 6540 and Time: 18:15-21:00

6538 Ultra High Definition (UHD) Room: Danzig
Accurate-Mass Q-TOF LC/MS Systems

Agilent Elemental Bingo
Starts at 19:00

Great prizes to be won!

Drinks and Snacks will be

1290 Infinity UHPLC provided.
« [Fast, Accurate, High Resolution Q-
TOF Enter & Win
° USing Peak Capacity to |mprOve We will be running daily competitions during IMSC

2009, ask a member of staff for more details!

Screening and Complex Sample

Profiling Hapoy Hour
Daily from 16:00-18:00

at the Agilent booth (B)

Ken Imatani & Pat Perkins, Agilent, CA

Agilent Technologies



Ultra High Definition
Optimizing all Analytical Dimensions

* Sensitivity
* Dynamic Range
Signal Response * Linearity

» Separation Speed

» Peak Capacity

Mass Spectrum

* Mass Accuracy
* Resolving Power
» Acquisition Rate

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Agilent’s New 6540 Ultra High Definition
Accurate Mass Q-TOF

Exceptional accurate mass, sensitivity,
dynamic range and resolution ... perfect
match for 1290 Infinity UHPLC

500 ppb mass accuracy

« femtogram sensitivity

« 5decades dynamic range
* 40,000 resolving power

« 20 Spectra/sec

 Excellent Linearity and Isotopic
Fidelity

 Supports Agilent Jet Stream and
HPLC-Chip

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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lon Beam Compression (IBC)* Technology
Drives Higher Resolution

Compressed and cooled ion beam ensures the best sensitivity
performance in high resolution mode

Exit from collision cell

Into slicer and pulser region

Narrowed beam slit enables mass resolution
of 40K

Up to 10-fold ion beam compression

* Patent pending

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Enhanced lon Flight Tube and Mirror Technology
Stable, Sensitive, High Resolution :

« 1ppm/C Expansion Coefficient for Inner
Flight Tube virtually eliminates calibration
drift due to flight tube elongation.

« 2nd Order Temporal Focusing lon Mirror 6530
uses high transmission Harp Grid for Q-TO
maximum sensitivity

Octopole 2 = = C—
|—|=||—1E'_"_'-_E1I'Lr = [Detector
| JLIL

|_ | I—
|=I lon Pulser

DC Quad
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Next Generation — Ultra High Speed Detector

New Bipolar TOF

Detector |
- New ultra fast and high Single lon Response
efficiency scintillator ~800 psec FWHM

* New ultra fast
response PMT design
continues the tradition
of high dynamic range
and detector lifetime

* Developed by Photonis = .. . .. = ‘"~ _ A,,/ e

with Agilent TOF 2 nsec/div |
Technology

« Specifically enhances
Resolution in 2Ghz
Ext. Dynamic Range
Mode

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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6540 Ultra High Definition QTOF
Maintaining Resolving Power — Across the Mass Range
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m/z 622 and isotopes
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6540 Ultra High Definition QTOF
Mass Accuracy — Repetitive Injections

40pg reserpine on-column, 10 injections

N\

+ESI EIC(609.28066) 5
Scan Frag=240.0V Reserpine_40pgms3.d X1 0 .
1.2 Isotope )/Obs% | Ca% | Obs m/z Calc m/z Diff (ppm)
oo Error < 609.28081
: RIS (ppm) | 1 100 100 609.28081 | 609.28066 0.25
1 0.96 1 | 2 35.87 37.24 610.28425 | 610.28393 0.52
2 -0.17) 3 8.58 8.59 | | 611.28650 | 611.28671 -0.34
3 0.25 >
0.8 | 4 1.41 1.4 612.28987 | 612.28941 0.75
4 0.02
5 0.39 | 5 \0.14 Igél 613.29210 | 613.29203 0.11
6 0.13] 0.6 | N
; g'g; 1 610.28425
: 04 | ]
9 0.04
7%1 ﬂ
Mean 0.25 N\0-2 - 611.28650
Std. | “ 612.28987 613.29210
\\\\\\\\\\\\\\\\\\ Dev 0.32I 0 T T T T T T T T : T T T
0.0 025 05 0.75 609 610 611 612 613 614

Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)

250 ppb mass accuracy calibration and very accurate isotopic ratios
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6540 Ultra High Definition QTOF
Sensitivity — Full Scan MS Mode- 1 picogram

Excelleant sensitivity, accuracy and resolution at 1 pg on column

4 S/N=319RMS x10
x10
(M+H)+
) 609.280347
| Ratio m/z Diff.
Theor.| Expt.| Theor. Expt. (ppm
2 | Resolution ~ 33.000 100.00| 100.00| 609.2807| 609.2803 | -0.51
“‘ ’ 37.24 36.36| 610.2839 610.2832 | -1.25
\ \ 8.59 8.39 611.2867| 611.2878 1.77
h 1.48| 1.45| 612.2894 612.2926 | 5.29
.
|
| ‘\
| \‘ ]
|
] \\‘ | 610.283168
| | (]
|
\
|
.
| | | |
|
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I |
AR o | | 612.292649
o T T T T T T T T T T T 0 mwwfm.‘mrn/wkmmrmml4w"wm‘,m4"f‘w'u—.u‘_m._w-_n)"*n.wa”‘\uw,m“muki n‘\w’”"\‘“ww—‘ ““U' ‘ “"“’mrw‘ J‘ "‘LLN“",m’v‘ mm}m‘ﬂ*w—hfu-_\-m*"ﬂm‘w4“w,~m‘m‘;umm.u‘>".J'L;‘_W'\Wm.‘mmm.r;.n”,M;\A_(W’Wlwﬂ_-ru‘Lw.u.m.hr
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Counts vs. Acquisition Time (min) Counts vs. Mass-to-Charge (m/z)
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Topics

 Example: Pesticides in Foods
« Example: Drug metabolite identification

« Example: Peptide Mapping

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Pesticides Screening in Foods

* Accurate-Mass Databases for Comprehensive Screening of Pesticide Residues in Food by Fast
Liquid Chromatography Time-of-Flight Mass Spectrometry, Milagros Mezcua, Octavio Malato, Juan F.
Garcia-Reyes, Antonio Molina-Diaz, and Amadeo R. Fernandez-Alba, Anal. Chem., 2009, 81 (3), 913-929
DOI: 10.1021/ac801411t

* Method for screening 297 pesticides in foods with Agilent 1100 HPLC, 4.6 x 50 mm XDB-C18, 1.8 um
column, and TOF-MS detection

« Component identification using accurate mass/retention time (AMRT) matching against a database
* 0.6 mL/min flow rate, 12 minute gradient, approximately 23 minutes run time

« Comparable method performance when tested on 60 commercial produce samples (QUEChERS protocol
sample prep) and compared with results from QQQ [note: 45/60 samples tested positive!]

» Identified several pairs of “isobaric coeluting species” (ICS) which have similar retention times and
accurate mass values for their adduct ions or fragments

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Focused AMRT Databases
(Personal Compound Databases—PCD)

» Pesticides, Part # (G6854AA).

« 1600 analyte content (formulae & accurate mass)

e Structures

 CAS Numbers & Links to external website (pubchem)

* Forensic & Toxicology, Part # (G6855AA):

« ~7000 analytes content (formulae & accurate mass)

e Structures

 CAS Numbers & Links to external website (pubchem)

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Starting Conditions for Pesticides Analysis

Configuration

1290 Infinity UHPLC, 6540 QTOF with Agilent jet stream technology
Eclipse Plus C18 column, 2.1 x 50 mm or 100 mm, 1.8 um

Analysis conditions

A = 0.1% formic acid in water, B = 0.1% formic acid in ACN: various flow
rates (1.2, 1.0, 0.5 mL/min); 60 °C column temperature

Gradient = 5% B to 95% B in various times (1.5, 3, 7, 8.5, 17 minutes)
3200 m/z maximum mass, high resolution mode

MS mode: 100-1000 m/z, various acquisition rates (10, 5, 3, 1
scans/second)

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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RRLC->UHPLC

x10 6 0.5 mL/min 2.1 x 100 mm column,
) 60 °C, max pressure 410 bar
x10 ° .
1 1 1.0 mL/min 2.1 x 200 mm column,
60 °C, max pressure 780 bar
2.5
x10 ° .
211 1 1.2 mL/min 2.1 x 100 mm column,
60 °C, max pressure 930 bar
x10 : | 1.2 mL/min 2.1 x 50 mm column,
25 60 °C, max pressure 510 bar

6 7 8 9 10 11 12 13 14 15 16
Counts vs. Acquisition Time (min)

-
N
w
N
ol
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Mass Accuracy and Mass Resolution and Analysis
Speed Simultaneously

x10 5
2,

15, 10 spectra/second
14

0.5

4 5 6 7 8 9 10 11 12 13 14 15 16
Counts vs. Acquisition Time (min)
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Counts vs. Acquisition Time (min)
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12 (o] 1.2
N
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1 3 \O A O/ 3 | | 4
0.9 0.9
o (o] !
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0.6
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0.4 (M+H)+
- H 0.4
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02 406.12997 406.12956
(M+H)+ 401\7/{13230 0.2 (M+H)+ 407.13209  408.13221
01 (M+H) 0.1 M+H)+ (MR
il - . 0 L m
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Counts vs. Mass-to-Charge (m/z) 0 025 403 4035 ODUI“S?lS 5Mas’s:'sto Cf?asrgse (mOZS) 06.5 40 07.5 408
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Mass Accuracy iIs Invariant with Acquisition Rate

2.00
1.50
1.00 X X P9
+ 2 trobin 404 m/
050 azoxystrobin m/z
% A A : - M cyproconazole 292 m/z
= ' X A cyprodinil 226 m/z
© 0.00 4 .
= : - Xdiazinon 305 m/z
0 ¥ PY A
9 ; Xlinuron 249 m/z
©
= 050 ' : ® paclobutrazol 294 m/z
é + +propazine 229 m/z
- =tetraconazole 372 m/z
-1.00 .
=tricyclazole 190 m/z
-1.50
-2.00 . . . . . .
0 1 2 3 4 5 6 7 8 9 10 11 12
Acquisition Rate (scans/second)
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MS Resolution iIs Invariant with Acquisition Rate

Pesticides Example

35000

30000 -

25000

20000

Resolution

15000

=&—_azoxystrobin 404 m/z
== cyproconazole 292 m/z
== cyprodinil 226 m/z
=¥=diazinon 305 m/z
=3%¥=linuron 249 m/z
=®-paclobutrazol 294 m/z
== propazine 229 m/z

10000

5000

0 1 2 3 4 5 6 7 8 9 10 11

Acquisition Rate (scans/second)

12

tetraconazole 372 m/z
==—{tricyclazole 190 m/z
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Methanol Mobile Phase for Pesticides Analysis

Configuration

» 1290 Infinity UHPLC, 6540 QTOF with Agilent jet stream technology
« Eclipse Plus C18 column, 2.1 x 50 mm, 1.8 um

* Analysis conditions

« A =2 mM ammonium formate, 0.01% formic acid in water, B =2 mM
ammonium formate, 0.01% formic acid in methanol; flow rate 0.8 mL/min,
40 °C column temperature

» Gradient = 5% B to 95% B in 3 min, stop time 4 min (standard) or 10 min
(sample with matrix)

« 1700 m/z maximum mass, high resolution mode
« MS mode: 100-1000 m/z, 3 scans/second)

Chamberlain, P, Hall, T., Zavitsanos, P. Agilent Technologies application note 5989-1688EN, January 2005.

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Better Response with Methanol Mobile Phase

® MeOH gradient, 2 mM ammonium formate, 0.01% formic acid ® ACN gradient, 0.1% formic acid
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Chromatographic Observations using Standards
Same Instrument and Column

H
N s

Thiabendazole, pK, 4.73 >_</\ Cyproconazole
¢ N

2.726 3.064
4.5Ae4
|
. 4.4h74 ‘\‘
s‘ |
> mM . I Methanol gradient “ \\
miMammonium 2 mM ammonium | 2 mM ammonium || |
formate + 0.01% ‘ B
formic acid. acetate I formate + 0.01% “ \
H~5.0 formic acid |
pH~3.5 " | H‘
\‘ “ |
| \ |
| i
\ | ‘
2 mM ammonium || ‘ |
acetate + 0.02% | | | “
acetic acid ‘ | |
pH~ 4.0 | |
| | n
\ H
J, If ‘37CI isotopomer
l M
i |
‘ DL
‘ (A
| MW "\lk“‘/\\s“\\
\/ v V| ' A1
v ) [\ \ H \[ 1
: : : : , : : : : : : : : : i YN /ﬁ‘wfw ol \¥
18 2 22 24 26 28 3 32 34 36 38 4 4.2 34 36 38 4 49 4.4 46 48

Acquisition Time (min) Acquisition Time (min)
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Isobaric Co-eluting Species
Example: 63 ppm Mass Difference (18 mDa)

204.13690 Isobaric Co-eluting Pair m/z ppm Differentiate by

Difference
Tricyclazole 190.0433 123 X X
Propazine 190.0667 (1.3 min)
Paclobut | Methiocarb 226.0896 79 X X
oii%pl:nrazo Diethofencarb fragment 226.1074
R=29,600 Diethofencarb fragment 226.1074 117 X X X
Cyproconazo|e-37c| Cyprodlnll 226.1339 (053 mln)
0.66 ppm Cyproconazole -37Cl 294.1182 63 X
R=30,500 294.11840 Paclobutrazol 294.1368
Clofentezine-37Cl 305.0618 300 X
Diazinon 305.1083
Chlorfenvinphos 358.9768 177 X
Triflumuron 359.0405
Tetraconazole 372.0288 186 X X
204.08 204.12 204.16 Azoxystrobin fragment 372.0979
294.10 294.14 294.18

Mass-to-Charge (m/z)

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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ldentify These Pesticides By Isotopic Pattern And
Mass

Best ¥ Farmula (M) lon Formula Calec miz Score Cross Score Diff (ppm) Abund Match = Spacing Match |~ Mass Match
s | | C15H18CIN3O| C15H13CIN3O| 292 12112 9835 | 0.75| 95.37 59,37 9964
x10
292.12091
3.5 (M+H)+
3 cyproconazole
2.5
2,
294.11792
1.5 (M+H)+
293.12384
1 (M+H)+ 295.12140
0.5 (M+H)+
8 | |
289 290 291 292 293 294 29 297 298 299 300 301
Counts vs. Mass-to-Charge (m/z)
Best 3 Formula (M) lon Formula Calc miz Score Cross Score Diff (ppm) Abund Match =~ Spacing Match =~ Mass Match
. | | C15H20CIN3O| C15H21 CIN3O| 294.13677 | 97.15| | 0.63| 914 98.86 9974
x10
294.13659
1.2 (M+H)+
1 4
paclobutrazol
0.8
0.6 296.13354
(M+H)+
0.4 295.13984
(M+H)+ 297.13709
298.13970
0.2 JL m (M+H)* = M)+
ol : : : : : : : L) — : : -
289 290 291 292 293 294 297 298 299 300 301

96
Counts vs. Mass-to-Charge (m/z)
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Pesticides in Pepper Matrix, 10 ppb
3 Scans/sec Acquisition Rate

Imidacloprid Triflumuron
256.05959
(M+H)+ 359.04026
-0.06 ppm (M+H)+ e Ac:uisitisonTiine(rZin) ee
Methomy! R =28,900 Diethofencarb -0.60 ppm
268.15425 R =31,700
163.05348 (M+H)+
(M+H)+ o
M -0.33 ppm L Fl
258.05655 ~ ufenoxuron
o (M+H)+ R =29,100 361.03783
=24, (MH)+ _
257.06237|(|259.05936 860.04448 [362.04095 £f§4p£onc])
(MeH)y+ || (M+H)+ | Mty ||| (M) | :
I 2(?'3'.00128 ‘LW 3?;jj 3)121 -s(;&.oam
o (M+H)+ M uj +H)+
256 257 258 259 260 269.15754 359 360 361 362 363
164.05652 (M4H)+ 270.13975 491.04126
165.04954 . (5
(M+H)+ (V+H)+ i (M+H)+
- ~ 268 5
163 164 165 | aa

489 490 491 492

1.522
3.162

JAN 0

1 11 12 13 14 15 1.6 1.7 18 19 2 21 22 23 24 25 26 27 28 29 3 31 32 33
Acquisition Time (min)
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Metabolite ID
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Experimental Conditions for Verapamil Metabolite
ID Analysis

« Configuration

1290 Infinity UHPLC, 6540 QTOF with Agilent jet stream technology
Eclipse Plus C18 column, 2.1 x 50 mm, 1.8 um

Analysis conditions

A = 0.1% formic acid in water, B = 0.1% formic acid in ACN: 1.2 mL/min;
60 °C column temperature

Gradient = 5% B to 95% B in 1.0 minute, stoprun 1.5 minutes, postrun
0.5 minutes

1700 m/z maximum mass, extended dynamic range mode
MS mode: 100-1000 m/z, 3 scans/second

IMSC 2009 Infinity LC 6540 QTOF lunch and learn
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Verapamil: Major and Minor Metabolites (Phase |)

x10 6

x10 4

2.5

x10 2

TIC

desmethyl

verapamil

monohydroxy

dihydroxy

Isopropyl
dealkylation

A

A

A /\

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95 1 1.05 1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45
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Coeluting Metabolites with Parent Drug: Need
Wide Dynamic Range

Five decades of responsein a

single scan
verapamil dihydroxy metabolite of verapamil
E Best W Faormula [M] lon Farmula Score Best W Forrnula (M) lon Formula Score
we | | Ca7H3BN2O4|  C2THIINZD4| 33.43| we | | C27H38N20B|  C27H3IN20E| 50.18
Calz miz Diff [pprm] Mazz Match | Abund Match | Spacing Match Calc iz Diff [ppnn] Mazs Match | Abund Match | Spacing Match
| 455.290434| n.25| 99.94| 98.2?| 99.a3| | 48?.280253| 1.n3| ae.aa| 84.39| 3771
x10 6 i xo* 487.279822
28] 2.68 million 455.290321 J 400 (et
26/ counts (M+H)+ s, counts
2.4 ¥
29 ] 25 25 counts

2
2- 488.280034
1.5+ (M+H)+
1.8 -

" 489.297044 490.283183
1.6 - YAt
057 JP/\ 486.805825 489.848653 A
14 - 0JM Ao totns -tk MM N»..A s o o Y RV ‘ Mxm] JRUVIOY RPRUOVOY YOI W 1 1 NN ST

486.5 487 4875 488 488.5 489 489.5 490 490.5
1 2 N Counts vs. Mass-to-Charge (m/z)

1/ desmethyl

08 | metabolite

06 - 441.274704 monohydroxy

04. metabolite 87279822

0.2 471.284287 (M+H)+

0. L I

435 440 445 450 455 460 465 470 475 480 485 490 495 500 505
Counts vs. Mass-to-Charge (m/z)
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Metabolite ID Results

N';M: Mass Debact P monphc Patierr Natcheng [ T all
Verregs Neme AT Maxs ™z Conbbez Adecwcs  Uner Qual L Debect Gusbbez Scom Uml Tol Cec?) Cokwrz San Gomded Amiz | Name Colc Mass 2 Mama frOnf | O Mass pped Mot Forsle  Mod M {
¥ N0 0O 4 L ) 1~} o© Pavert Lty L4 o 20000
B3 W0 . 472242 oo hoprogy! Deytiasee 417226 s 0y SN -0
B2 W b3 4 455 2848 a w ”rhuw‘bmmw"uvit} 4828 en 02 02 ara
BT 1o 2 453 2740 ETTTE o0 st O 452 2608 L% 065 2 20057
A tma 15 2
— e <O e
02«0 19308
Calc. Mass | A Mass [m A Mass [ppm] | Mod. Normula | Mod. Mass |~ os caso 14,0520
+ + + 4 | 088 L0 Loks
454 283 -0.52: | 0.0000; 43 L4000 1909
1" Uit ataon wnd Wpdonoyianon i i i H QW <00 g
¢ |sopropyl Dealkylation: 412 2362 0.57: -C3-He -42. 0470 > |
Uentrawe bromser
=T re— Hydroxylation and Ketone Formation: 484 2573 022 -H2+02 2959742 =
e Resdt v 7 1 Hydroxylation and Dehydration: 452 2675 065 -HZ 20157 et AlSE
Hydroxylation: 4702781 -0.33: 40 109949 &
Hydrowylation: 4702781 159949 e "“"""'f"“ “;',
1 Hydrowylation: 470 2781 159949;: ue 1. .
i3 Ethyl Ether to Acid ~ 440.2311 140520
13 Demethylation and Methylene to Ketone ~ 454.2468 -0.0364
Demethylation and Hydroxylation: 4562624 1.9793
o1 3 « p_n Demethylation and Hydroxylation: 4562624 1.9793
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Rapid Peptide Mapping
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6530 vs. 6540: Comparison of Peptide Mass

Spectra

x1: +2 1437.1605 14376615 6530 Q-TOF
2 CCTKPESERMPCTEDYLSLILNR
1 1437.1600  1437.6594 6540 Q_TOF

Counts vs. Mass-to-Charge (m/z)

a0t Lo 6530 Q-TOF ol 4 s riosss 6530 Q-TOF

958.4455 958.7778
4 718.8354 719.5852

1 958.1111 959.1123

719.8354
959.4473 2+ 720.0868

959.7778 720.3361

,| eser077 959.1104 5 719 8351
959.4439
58-/2\354 958.984 /\\ 95947\7 60 ol
- T T T
0= 7188 719 7192 7194 7196 7198 720 7202 7204

720.0853
T T T T T T T
958 958.2 9584 958.6 958.8 959 959.2 959 4 959 6 959 8 Counts vs. Mass-to-Charge (m/z)

4 +3 0584425 0557765 6540 Q-TOF . 7188334 J\‘ j\ o 6540 Q-TOF
A\ DA
Counts vs. Mass-to-Charge (m/z)
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Peptide Mapping: Serotransferrin
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Summary

« Unmatched chromatographic peak capacity and resolving power—can
even resolve diastereomers when parameters are adjusted appropriately

« Superb MS mass accuracy and resolution—invariant with acquisition rate

» Sophisticated identification software and algorithms—handle complex
samples, overlapping isotopic patterns

« Sum (product?) is greater than the parts
» Run faster chromatography for higher throughput
— MS can keep up without sacrificing resolution
— MS can keep up without sacrificing mass accuracy
— MS has the dynamic range to handle coeluting peaks

— Software has the power to identify components of complex
chromatograms and spectra

— Result: more information and results per analysis and per unit time
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