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General setup of the newer SCIEX QTRAP® LC/MS/MS systems
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Principle of a Linear lon Trap

)

®

An ion trap is working sequently (MS in time)
while an QgqQ operates continuously (MS in space)

— 1. Trapping

— lons enter the linear ion trap

—

— 0. Dynamic Fill Time determination

— lons are trapped radially by quadrupole fields (RF)
— lons can not leave trap due to Cell Exit Potential (CXP) and Exit

Barrier (EXB)

— 2. Scanning

— New ions can not enter the trap due to high potential applied at IQ3
— Ramp of auxiliary frequence (AF3) and EXB

—

— 1.5. keep the ions happy

Please Note : For all LIT experiments on QTRAP® 3200/4000 the
Collision Gas (CAD) is usually set to “high”. It is used for damping and

cooling of the ions. Not necessary for QTRAP® 5500/4500/6500+
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LIT Calibration — please check from time to time
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IMPORTANT: Updating trap method settings after calibration

of LIT (2) - using the script

w Charge All Methods

Change = methods o He peopect

| KwC_LHW_Birns

Souipe Paameten

r lonS pray Voltage 15) |

r lon Source Gas 1{G51) |

L Irterdace Heater Temperatue IHT) [1'I|

{100

r\. N
A4 \V

. Confirm presence of

LC in active hardware
configuration !!!!

. Go to script menu and

select script

. Select the project to

update

. Select update method

Click on Change All

This script will update
the AF3 and EXB for
all methods in the
selected project
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Manual Setup is easy — use the right mouse button

Acqusition methad MS | Advanced s |
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Add 04 Criteria Level ! & FH 1?’ <0
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|Add IDA Criteria Level
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How is IDA working?

= Acquisition Method
= §F Mass Spec 23.000 min
=@ Period 23.000 mi

S +RM

®

)

Survey Scan:

This experiment runs always

The results of this experiment are
checked by the IDA criterium

IDA Criteria
+EP]

Dependant Scan:

Only performed when
criteria is fulfilled

Return to survey scan

I04, - Pt Lavvw! Crwia | include Eochuds | lscicps Patien
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What does this part of IDA mean?

Acquisthion method

= [ Acquisition Method
= 4 Mass Spec 17.478 min
=& Period 17.478 min
EE +MRM

pos/neg switch working
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Dynamic Exclusion

o at
After an EPI has been
acquired this mass will

not be triggered again
for the entire run

saks (| [V After Dynamic Background

Subtraction of Survey scan.

Exclude former target ions

" Always

C Never  fher 3, ocourencels). After an EPI has been
¢ For |Tg_ fsec) acquired this mass will
be triggered again as
— long as it is the most
satincid ) g abundant. )

7

After an EPI has been \
acquired this mass will
not be triggered again
for the following 15s,
then it can be triggered

again. )

After an EPI has been acquired this mass caﬁ
be triggered again for 2 more times if it is the
most abundant ion; then it is excluded for the
\following 15s; then it can be triggered again.)
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Dynamic background substract (DBS)

N7\ A
o @!/ &

[ E® X|C of +MRM (276 pairs): 184.000/125.000 Da ID: Acephate 1 from Sample 3 (10 ppb STD) of 17012011 Zorbax pesticides.wiff (Turbo Spray) Max. 1800.0 cps.
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(Dynamic) fill time — (D)FT

)

®

* Controls the number of ions entering the trap

* Avoids space charge effects
— (ions influencing each other due to lack of space)

* Space charge effects can cause:
— Disturbed peak shape (often ,fronting“, broadening)
— (Partial) mass shift

°* Min. Fill time:
~ QTRAP® 3200/4000: 1 ms
~ QTRAP® 5500/6500+: 50 us

° Tip: Use the DFT Tracker when running experiments with ,Dynamic Fill
Time*“ to find out what values are used for certain scan situations. Use
this values as start point for determining suitable ,Fixed Fill Times” if
desired

* Tip:  Particular on an QTRAP® 3200 ,Fixed Fill Time“ & QO Trapping
increases sensitivity
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(Dynamic) fill time — (D)FT
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and here is my first nice aquired spectrum...or?

7\
@
"l XIC of +MRM (292 pairs): Exp 1, 195.1/122.9 Da ID: Caffeine from Sampl... Max. 1.6e6 cps.
10.44

1.5€6 -

1.0e6 -

5.0e5-

0 o; : ‘ : : ‘ ‘ e - : : ‘ ‘ : ‘
' 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Time, min

"l +EPI: Exp 2, 10.209 to 10.784 min from Sample 19 (RedBull Pos1) of 040... Max. 5.8e5 cps.

5.805 50.0 03 138.1 C194.0

5.0e5 1233

4.0657’ 68l0 83.2 109.3 1.5

3.0e5 fi

2.0e5- ‘ \ 13513 1437

i qQ 25.0
] ‘/ y 7.0 .
00} ve, - L e,
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(Dynamic) fill time — (D)FT — as it should be

®

Tt EE o N1 R DR L O P . B e 1 SR AN PR Wi S b =y

: Exp 3, 6.954 min from Sample 3 (Urine2_CAF_SPIKE) of Urine.wiff (Turbo Spray), Centroided Max. 3.0e7 cps.

centroid

2.2e7

2.0e7

v

1.8e7

1.6e7

sdo ‘Aysusjul

1.4e7

1.2e7

j— I E E IELT E 1o 195.1
IR A bl B

: (35 FT [50): Exp 3, 6.954n _

123.1
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811821 "“-0 1362 1960
i
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m/z, Da
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CAD and CE in Enhanced Product lon Scan (EPI)

®
)

Period 1 Experiment 1 Parameter Table ril

Pariod 1 Experiment 1 Parameler Table |E|

SourceiGas Ir;-urrﬂuur'-u | SourceiGas  Compound I

lon Source:  Tusho Spray Dechustering Potertial (OF) Wﬂ
Endrance Palential (EF i 100 =

Curtain Gas (CUR} 200 = - e - 3

Colisicn Gas {CAD) Ko ﬂ vacuum/pressure Iilﬂa

BaZaray Vollage (I5) IWE Should be in the range Coll=lon Energy Spread (CES) I 15.0 E

TEmasraiure (TEM) g =l -
’ Hovsi 3.8 to 4.3e Torr
ion Source Gas 1 (GS1) koo =
ion Source Gas 2 {G57) 500 =
Hpply the lolowng parametens to sl othes expetiments of Appdy the Following parametess bo ol clber expenments:
the care polanty
 Socs/Ges rc I [ Sowce/Gay [~ Compotrd

| ox Cancel Help i Cancel Help
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What is the advantage of a LIT over a QqQ

)

* Speed and sensitivity for all experiments is higher

- Q1/Q3 vs. EMS

* LIT collects all lons in a ,mass window" simultanously

and

MS? vs. EPI

®

— Having a fill time of 50ms means that ALL ions are collected for 50 ms
— This compares to a dwell time of 50 ms for EACH ion in QgQ
- QgQ would need 313.000 msec for this experiment

Scantype:  |Enhancad MS (EMS)

Scan rate | 1000 - | Da/s)

Polarty
{* Postive

" MNegative

&

DOptimize Masses |
Start (Da) Stop (Da) Time (zec)
80.000 179 200
174,000 BOO.00

Mass range window

— EPI experiment up to 20.000 da/sec and in addition change CE
while LIT is trapping the ions => CES
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Confirmation by QTRAP® or QgQ (0.5 ng/mL Atrazine)

()

®

)

[ "B XIC of +MRM (10 pairs): Exp 1, 216.1/174.0 amu from Sample 4 (0.5) of Data EPI vs MS2 - EPI dynFT 216.wilf (Turbo Spray) Max. 660.0 cps|

660 7.21

600 MRM

0 7 T T f T T f T T T T T f T
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Time, min
B +EPI (216.10) CE (35): Exp 2, 7.121 to 7.301 min from Sample 4 (0.5) of Data EPI vs MS2 - EPI dynF T 216.wiff (Turbo Spray) Max. 3.5e4 cps|

3504 174.0

«=  Enhanced Product lon scan (QTRAP®|system)

2.5e4+

2.0e4
1.5e4 790 96.1 216.0

1.0e4 104.0 1459
5000.0 1 ‘ |

70 80 9 100 110 120 130 140 150 160 170 180
m/z, amu
B +MS2(216.10) CE (35): Exp 2, 6.628 to 7.861 min from Sample 4 (0.5) of Data EPI vs MS2 - MS2 216.wiff (Turbo Spray) Max. 89.2 cps|

Product lon scan (QqQ)

190 200 210 220 230

8!
80

©

60

40+

20

70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
m/z, amu
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EPI Simazine at 35 eV with CES of +/-15 eV
Simultaneous trapping of fragment ions coming from 3 different CE (20, 35 & 50 eV)

B +EP| (202.10) CE (20): 0.084 to 0.878 min from Sample 5 (MS2 Trap 20V) of Simazine.wiff (Turbo Spray), Smoothed

Max. 4.6e5 cps.

4 665 2021
4.0e5
3.0e5
2.0e5 -
1.0e5 -
1240 1321 1744 202.9
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
m/z, amu
| W +EPI (202.10) CE (30): 0.082 to 0.704 min from Sample 4 (MS2 Trap 30 V) of Simazine.wiff (Turbo Spray), Smoothed Max. 1.2e5 cps.
1.17e5 2021
1.00e5-
8.00e4
6.00e4- 124.0
4.00e4 132.1
96.0 103.9 174.1
2.00e4- 68.0 166.1
1 _71.079.0 138.1  146.0 i
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230
m/z, amu
| M +EPI (202.10) CE (40): 0.103 to 0.577 min from Sample 6 (MS2 Trap 40V) of Simazine.wiff (Turbo Spray), Smoothed Max. 3.2e4 cps.
103.9
3.0e4 68.0
2.0e4 96.0
132.1
1 064 124.0
174.1 202.1
71.0 166.1
61.9 79.0 89.9 110.0 1381 146.0 v L A
50 60 70 80 90 100 110 120 130 140 150 160 170 180 100 200 210 220 230
m/z, amu
| W +EPI (202.10) CE (40) CES (10): 0.060 to 0.577 min from Sample 7 (MS2 Trap 30V CES10) of Simazine.wiff (Turbo Spray), Smoothed Max. 4.4e4 cps.
202.1
4.0e4
3.0e4 1050
68.0 :
2.0e4 9.0 124.0 435 4
1.0e4 1741
61.9 J|71.0 790 90.0 138.1 146.0 16f'1 fL 202.9
50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230

m/z, amu
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35eV with
CES 15eV

Knowledge for Life.”



Fast Screening with Quantitation for various applications

& @ O
|
\\
|
\\ intensity threshold
\ 81 141 ‘ 176 201 e
H J‘ 1?\ " I M M uls nl’\ J
Library Search —_——
BFES
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Screening and Confirmation:

MRM Survey (quantitation)

Collection of MS/MS
(full scan confirmation)

...plus report
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Some more examples for troubleshooting [1]

SCIEX

Noise appearing in the 65 to 90 amu region

Answers for Science.
Knowledge for Life."

What can be done to solve it?

© 2017 AB Sciex

(@) A
@0
B oty s R LR TR B B e G 1 e e 0T A B LR e b e, 6
Tl i L] b
7t |
[T
i
E A s
I 3
] / W . : 1
186 i !
1866 miges 11 wlg ik '“llt-tll 7
! A - P
LR I E
g mr [WPophel st e TR0 A H-l.r.. i - L
1] i 1] e 110 1 1i0 180 M £
Ty 1




Some more examples for troubleshooting [1]

)

®

Cause: EXB is too high so ions are held in the trap too long causing ghost peaks or noise to
appear in the low end (50 — 80 amu) of the spectrum.

Corrective Action: Instrument should be re-tuned in LIT scan mode (appropriate polarity) to
reduce noise in the low mass region while still meeting specifications at all masses. Follow the
steps below.

1. Infuse instrument with appropriate TRAP tuning solution (PPGs or ES-  Tuning Solution
depending on instrument) at 5 = 10 ul/min
2. In Tune Method Editor Window, select:

e ER scan type

e Add mass at 59 Da if tuning 3200 QTRAP with PPGs ——  or 60 Da if tuning
4000 QTRAP with Agilent solution — DP start and stop can be set between 100 - 130

« Scan rate at 4000 Da/s (or appropriate scan rate).

Sc I EX Answers for Science.
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Some more examples for troubleshooting [2]

)

SCIEX

®

T ST T W T T T T o p o - e e =T

Rt EE R R AN FRGT TGN

]

n P PP FRERPiETRRRRRRIRERE

= .I: ) Lﬁ.—.l—r

Lizing the same compound in both spectra, top panel shows expected peak detecticn at
Dia < 140 and bottom panel shows absence of expected peaks in the same low Mass region.

Cause: EXB is oo low 50 ions are not held in the Irap long enough resulting m the absence of
peaks in he low end (Iypically < 140 Da) of the spectrum,

Corrective Actlon: Instrument should be re-tuned in LIT scan mode (appropnate polarity) to

wWHTEAsE peak detechon in the low mass regeon whe still mesting specifications at all masses,

Follow the steps i the previous section (section 1) to adpest EXB intercept until peak detecton js

acceplable in the low mass region

© 2017 AB Sciex

Answers for Science.

Knowledge for Life."



Some more examples for troubleshooting [3]

r\. N
4 A\

@

\/j
Cause: Incorrect AF3 value. Typically, an incorrect AF3 value will manifest itself as tailing on
spectral peaks This is most common when AF3 is too low.

AREER NN AN NN

An EPI scarT‘ with Q1 resolution set to unit resolution. All fragment ions should be

monoisotopic, and free from artifacts. Notice the abundant tailing on the m/z 285 ion in the
left panel. By adjusting the AF3 value, this artifact was eliminated.

Corrective Action: Instrument should be re-tuned in LIT scan mode (appropnate polanty) to

reduce artifacts. If the artifact cannot be reduced by normal tuning procedures, try tuning AF3
using an EPI scan where Q1 is at unit resolution and CE is set to 10. You will likely have to

increase the fill ime to achieve reasonable peak statistics for judging appropnate AF3 values.
See Figure 9 below for example of well tuned AF3.

SCIEX Answers for Science. © 2017 AB Sciex
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Some more examples for troubleshooting [4]

ral
A4

N

Library search filters out relevant ions. If the ion trap is too sensitive such that peak widths of
tuning compounds are below 0.4 at full width half height, then the library search algorithm sees
the peaks as noise and does not integrate them.
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Some more examples for troubleshooting [4]

®

Cause: Peak widths too narrow on LIT at 4000 Da/s scan rate.

Correction Action: Instrument should be re-tuned in LIT ER scan mode (appropriate polarity) at
4000 Da/s to ensure that peaks in the tuning solution have a peak width at half height in the
range of 0.4 and 0.7. Itis recommended to increase EXB to achieve this, however keep in mind
not to increase it too high which could lead to the problem in section 1.

SCIEX Answers for Science. © 2017 AB Sciex
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Things to please keep in mind:

o @ O
Section Potential Issue Corrective Action
1 Low Mass Noise EXB too high, re-tune the instrument.
2 Reduced Low Mass lon EXB too low, re-tune the instrument.
Intensity
3 Peak Tailing Incorrect AF3, re-tune the instrument.
4 Library Search Filters Out Peak widths too narrow on LIT at
Relevant lons 4000 Da/s scan rate, re-tune the
instrument.
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SCIEX

QTRAP® 4500/5500/6500+ systems with
Analyst® advanced sMRM algorithm
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Sensitivity, Selectivity, and new Analyst 1.6.3 software
Quantitation and Identification of ~ 400 agro chemical

®

)
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s SCIEX QTRAP® 6500 system
o Scheduled MRM™ algorithm Pro
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MRM-Triggered MRM + Group MRM-Triggered MS/MS
7\ A

* MRM Triggered MRM can be combined
with Group Triggered MS/MS

* Primary MRM are used to trigger
secondary MRM

* Only when all primary and all secondary
MRM are above the thresholds will IDA
be triggered

* Thresholds can be set individually
— Can be set to zero for weak transitions
— Could be set based on known ion ratios

SC'EX Answers for Science.
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What is this....?
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....that is why!

SCIEX
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...ohh what happens with the 2. MRM?

Intensity, cps
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Answers for Science.
Knowledge for Life.”

[ W XIC of +MRM (36 pairs): Exp 1, 335.200/176.000 amu Expected RT: 9.0 ID: BP 1 from Sample 2 (AS150120_SL3) of AS150120-MRM-S-EPLwiff (T... Max. 7.2e5 cps.
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Watch the settings in the method carefully
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sMRM Advanced Settings to avoid issues

—@ o
U U
i a0 WEW0 290 3 A-elnylenedoxyamphetamns ! J1.00
2 208100 {183,200 {471 3 4 Mettylenedicxyethyamphetam 1 [100
3 194,100 [183.100 [444 3.4 Metrylenedoxymatnamenetam 1 {109
i|4 154,100 {108,100 {444 3 a-Metrylenedicxymethamphstam 1 ono00o0an (.00
GG {wews (000 [E-0-Hansacelyimorphne | i S
[ 328.200 |211.200 {600 |6-0-Moroacetyimorphing 2 1 100000000.00 | 10.00
T 138100 {31 000 (XD | mphetarine 1 1 (100
] 136,100 |£5.000 [4.12 Amphetamine 2 1 100000000.00  |1.00
li 290100 [188.200 |8.58 | Benzoviecaenine 1 1 il ORI -,
i £50.100 [105.100 {458 |Benzoylecgonine 2 1 0000000000  [1.00
M j4se 00 396,300 452 | Buprenarphine | {1.00
12 |304200 | 182 200 5.7 | Cocaine 1 |1.00
13 |m00.200 | 185200 {457 Codene 1 1 [1.00
[ E ¥ |215.200 m. 57 Codene 2 1 1000000G0.00 | 1.00
15 177100 80,000 1348 |Cotnne 1 100
16 |302200 198.200 a7 Dihydrocodene 1 [1.00
1T 200100 [182.200 080 | Ecgoninemetrylester 1 [10.00
18 |278.200 {234.200 E 86 EDOP 1 1 10000.00 [1.00
18 |zre200 186.200 e [EDOPZ 1 16008000000 | 1.00
20 [weeioe 115100 e Ephedrine _ 1 |10
* Do not use groups in acquisition method or primary secondary to avoid what we

Saw

» Set a very high threshold for the second MRM of quantitation compounds so
that we never get IDA EPI on the second MRM

» Threshold set for each ‘primary’ compound to get good MRM ratios and
IDA EPIl when we want it
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Finally
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Questionable ID using only MRM Ratio, MS/MS Confirmation

o@ S,

10 pg/kg Feniramol in Spinach (MRM ratio error = 32.0)
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Processing in MultiQuant™ and MasterView™ Software
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QTRAP® Targeted Screening using MasterView ™
Confirmation and Quantitative Comparison
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|dentification of residues above maximum residue limit (MRL) in multiple samples
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