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Quattro micro™ Course Outline

: Md(ni‘n’g,..‘.. i

Introduction: QM Overview,
API & Quad Theory, MS
Acquisition modes.

Instrument Tuning: Tune
page settings & acquisitions

MassLynx Overview: File
structure and the Editors

MassLynx: Chromatograms,
spectra & SIR/MRM. LC/MS
basics

Mass Calibration: Software
and calibrate our Quattro
micro™.

Hardware Maintenance:
Routine Maintenance

Quantification: Software

Quantification: Practical
example

Course Evaluation

Triple Quadrupole Instruments
é Hex&\)»(e

MS1 Collision Cell MS2

In a triple quadrupole or tandem mass spectrometer,
MS1 and MS2 are mass analyzers that filter ions.

The Collision Cell is filled with Argon and potential is
applied to fragment ions.
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Quattro micro Z-Spray™ Ion Source

Cc’t;(f mantangnce @ Cone .

Schematic Overview of the Quattro micro

Transfer Hexapole
Removable  optics Quadrupole  Collision  Quadrupole
Sample  RF Lens MS1 Cell

Cone..

Conversion
Dynode

%

IR R e

:

Phosphor

Pre Filter
Post Filter
10°1 mbar 10-3 to 104 mbar 10°5 mbar
Rotary Pump Turbo Pump Turbo Pump
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Quattro micro Detector

lons
]

Cylindrical
Conversion
Dynode

............. Electrons

Phosphor
MS 2

Photé)ns PMT

Photomultiplier Tube

Z SPRAY™ Source - Electrospray

Probe
’ \E:'-w} Exhaust
Sample  e— Cieanable »
-n-)'
C(’"’\ / s 4‘ ’c‘ )
Sample” &e[zense o sfuent
! Cone
isolation
Nebuliser Desolvation Vaive
/
T— Cﬁ”\'t I (6N tavd'v“
Source
Enclosure

Rotaty Turbomolecular
Pump Pumps
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Quadrupole Theory

¢ A quadrupole is an assembly of four
parallel rods arranged equidistantly
from a central axis.

¢ Through the application of RF and
DC voltages, ions can be filtered
along the central axis and their
mass measured to yield a mass

spectrum.

¢ Depending upon the exact potential @
applied to the quadrupole, ions with @ @
masses too large or too small will @

not pass through the quadrupole.

These ions will strike the rods and End View

be lost.
Quadrupole Analyzer
Prefilter | Quadrupole Mass Filter
lon with

Rejected lons StabIeTr:ajectory
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RF Voltage Applied to Top/Bottom or Left/Right
Pairs of Quadrupole Rods

+V
[}
©
[e]
o Quadrupole
2 Rod Pair
ke
2 ~— Top/Bot
g — Left/Right
<
(]
(o]
8
°
>

Applied Potential to Quadrupole Rods

The voltage applied to an opposing pair of rods is given by:

¢ = U-VcosoT
-
DC Voltage RF Voltage

The voltage applied to the other pair of opposing rods is:

¢ =-U + VcosoT

Typically: DC Voitages (U) are in the range of 1000 V
RF Voltages (V) range from 1000 to 6000 V
RF frequencies (o) are around 1 mHz
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Applied Potential to Quadrupole Rods

lons are pushed through the quadrupole by using an
applied potential difference between the entrance and
exit to quadrupole assembly.

The trajectories of ions as they pass through the
quadrupole assembly can be calculated.

This calculation is very complicated so a qualitative
description of the calculation will be given.

When a Quadrupole is Used as a Mass Filter.
For an fon with m/z = mg
quadrupole is
operated with U
this region

The my ion will
have Stable
trajectories if the
quadrupole is
operated with U

U = DC Voltage and V values from
V = RF Voltage this region

Quadrupole Theory: Settings for DC and RF Voltages
The mj ion will
/ 7 have Unstable
/ trajectories if the
and V values from
\
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Consider Another lon with m/z = my

mg Stability Line

e

\%
U = DC Voltage
V = RF Voltage

The my ion will
have Stable
trajectories if the
quadrupole is
operated with U
and V values from
this region

Stable Trajectories Through the Quadrupole for Two lons:
m/z = my and m/z = mg

m, Stable

Neither lon Stable

/

U
U = DC Voltage
V = RF Voltage

\Y

/

ms and m, Stable

mg Stable

m/z: ms > my
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My, Mo, My 2t Opaertioeal T

Injector Hole

Quadrupols
Assembly

Exiting
ions

(M)

Quadrople setup so for three ions passing through the
quadrupole, m4 has a stable trajectory and my & mj
have unstable trajectories.

When the a Quadrupole is Operated as a Mass Filter:
U and V are Varied Linerarly (Ratio of U/V is a Constant)

m/z: ma > My > My

my

m4

mg3

Example of a
Bad Quadrupole
Operational Line

|m1. m,
|

my, M, & m, will be
passed through

m, & m, will be
passed through

Only m, will be
passed through
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Quadrupole Operated as a Mass Filter with U/V = Constant:
Example of Better Quadrupole Operational Line

m3 passed

m, passed
my passed | | 1'2P

v

\ Ny

m/z

AN e

m/z: m3 > mz > m1

Quadrupole Operated as a Mass Filter with U/VV = Constant:
Example of Optimum Quadrupole Operational Line

My | My |M; |
!/ / m/z: ms > my > my
j n‘ﬂz s
U
4 m2

my
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RF Lens

End View
Note Voltage
Polarities

RF Lens - Hexapole

Hexapole Assembly

Radio frequency plus
a small bias voltage
transports all masses.

Designed to insure ion
focussing in a
relatively poor
vacuum.

Delivers the ions in a
tightly focussed beam
to the quadrupole
where they can be
analyzed.

Mass Resolution is defined as m/ Am

FWHM = 0.60 Da

1—Peak Center =633.2 Da

Mass Resolution is
633.2/0.60 = 1055

631 632 633 634
m/z

636 637
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Unit Resolution
If you have a single peak that has Unit Resolution:
100
A single peak
.| :‘:i:sured at Am at 5%
resolution will '5,1 amu
have peak e
801  width of 1 K
amu at 5% ’
height !
40 +
20 1
0 T T T r
634 635 636 637 638 639
Unit Resolution
at Unit Resolution:
100
Determining There will be
if Am at 5%
80+ . . a 10% Valley
is 1 amu will
be difficult if betzee" 2
there are 2 peaks .
60 - of equal height
peaks
AN measured at
AN unit resolution
40 AR
20
0 - T ; v
634 635 636 637 638 639
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Unit Resolution
For most compounds, you do not get a single peak or 2 peaks of equal height.
100
Determining For most compounds we
if Am at 5% use FWHM = 0.7 Da as a
801 is1amu test of Unit Resolution
will be ‘
difficult PP
60 1 if there are 4 Determining if is
Y a 10% valley
multiple®
peaks between peaks
40 AN will be difficult
AR if there are
AN multiple peaks of
20 1 uneven height
0 T T T
634 635 636 637 638 639

Waters

Atmospheric Pressure lonization
(API)
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Atmospheric Pressure lonization (API)

Electrospray -

Liquid is sprayed out of a capillary tube to which a high
voltage is applied to form a spray of charged droplets.

Atmospheric Pressure Chemical lonization (APcl) -

Liquid is passed through a heated tube (fused silica
capillary). The liquid is evaporated to produce gas
phase molecules.

A high voltage is applied to a corona pin near the exit of
the tube and the molecules are ionized when they pass
through a cloud of ionized nitrogen atoms produced by
the corona pin.

Electrospray Ionisation

Example of Positive Electrospray ®

2.5-4.0 kV

+ - g{%‘pxonage Power Counter Electrode —|

Quattro micro Training Course
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Z SPRAY™ Source - Electrospray

Probe ;
i %——b Exhaust

Sample {r— Cleanable
v—-—}
Sample * I
. Cone o
isolation
Nebuliser Desolvation Valve
Source
Enclosure
Rotary Turbomolecular
Pump Pumps

Droplet Formation in Positive lon Electrospray

More Negative lons
than Positive lons
+ + +

!
+ -+ + + 7
iaui + T+ + T o+ + P
Liquid - P S s> ‘ g
+++.. + 7+ 4T+ N T2
+ - \ ki
ST it 1t i
- - =T Positively
Charged

Taylor Cone Droplets

More Positive lons
than Negative lons

High Voltage

Electrospray
Probe Tip
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The electrospray droplets carry positive charges
away from the capillary tube.

To balance this flow of positive charges,
electrons flow out of the capillary tube.

These electrons come from negative ions close to the surface
of the capillary wall via an electrochemical oxidation reaction.

Electrospray can be thought of as an electrochemical process.

Example of reaction that can occur at the capillary wall:
20H — Hy0 + O + 2¢”

Electrospray Droplet Undergoing Fission

Solvent )
Evaporation £

Coulombic
Fission

Charge resides on the surface of the droplet.

Solvent evaporates from the droplet and the droplet shrinks until
the charge density on the surface reaches a point where the
repuisive force between charges exceeds the liquid surface
tension that holds the drop together.

At that point, the drop fissions and a set of small droplets are
expelled from the main droplet.

Quattro micro Training Course
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Actual Droplet Undergoing Coulumbic Fission

Rough Sketch of Photo from
P. Kebarle and L. Tang, Analytical Chemistry, 64, 972 A (1993)

It is estimated, that in the fissioning process a charged droplet will

lose on the order of 15% of its charge but as little as 2% of its mass.

Electrospray tends to work best with solutions
that have a high percentage of organic solvents
such as acetonitrile or methanol, though the
solution cannot be totally organic.

The solution must have some aqueous content.

Solutions must have some ions in it for
electrospray to work.

Fortunately most solutions that have an aqueous
component will have some ionic species such as
hydronium/hydroxyl ions and sodium ions.

Quattro micro Training Course
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Models for formation of
Gas Phase lons from Droplets
lon Evaporation Model

Through evaporation and fissioning, droplets reduce
in size to 10-20 nM in Diameter

lons then ‘evaporate’ from the droplet’s surface.
The more ‘Surface Active’ a molecule is, the
more readily it will form ions in electrospray.

Charged Residue Model
Droplets continue to lose solvent molecules through
evaporation till a charged residue remains.

For an analyte of the form MX, the charged residue
will be of the form:

(M) ,(MX),

Electrospray lons
Positive Electrospray Ions are produced by the addition to a
molecule of a positively ion (e.g H+, NH4+, Na+). These
positively charged ions that are added are often referred to
as ‘adducts’.

H
H
! ~ N
T s (Y
+ H+ + 3
YT e= (T
CH;

Lidocaine CHj

Negative Electrospray Ions are most often produced by the
removal of a proton (hydrogen ion) from a molecule.

CH CH
Ibuprofen 3 3
CH, © — ¢, O+ H+
OH 0-
HyC H,C
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Electrospray and lons in Solution

Electrospray is a solution process. Molecules that have
a greater tendency to ionize in solution will tend to have
stronger electrospray signals.

This is why certain additives to mobile phases in
LC/MS analyses can enhance electrospray signals.

An example of this is addition of an acid (e.g. formic
acid) to the mobile phase in positive electrospray
LC/MS analyses. This can often result in a stronger
electrospray signal by aiding in the protonation of
analytes in solution.

B-Cyclodextrin - Electrospray Example
HO
o OH HO
5 OH OH
(o] OH
O7 HO 30

OH
HO

B-Cyclodextrin is
aring of 7
Glucose Units OH

o)
X N 20

Oxygen Linkages

OH are Numbered

Quattro micro Training Course
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Positive Ion Electrospray of B-Cyclodextrin

Quattro micro™

BetaCyDex_5 1 (10.018) 2: Scan ES+
100- 115238 _(M+NH4)+ 6.92¢6
: 1135.37 /
1 (M+H)+
~. | 113644 115339 Cone Voltage=45 V

%1

A A

G L U A L A A T N DL LN LN B L L M ML |
BetaCyDex_5 1 (9.983)
1007 (M+Na)+

\ (M+K)+
1158.37 1173y

" 1:Scan ES+
1157.36 6.36¢6

" %—: Cone Voltage=140 V

0
1120 1130 1140 1150 1160 1170 1180

10 pyg/mL B-Cyclodextrin in 20/80 Acn/20 mM NH4 Acetate pH=4 in
Water infused at 10 pL/min

Negative and Positive Ion Electrospray of B-Cyclodextrin

Quattro micro™

BetaCyDex_6 1 (2.186) Scan ES-
i 1133.36 8.73e6
1007
(M-H)2 Negative Ion Electrospray
n %] \ 1134.37 Cone Voltage = 100 V
1
0 — 1 T T T L L A T
BetaCyDex_5 1 (10.018) 2: Scan ES+
_ 1135.37 5.53¢6
100
] (M+H)+ 1136.44 Positive Ion Electrospray
o) \ ' Cone Voltage = 45V
0 T T T T T S N/Z
1125 1130 1135 1140 1145 1150

10 pg/mL B-Cyclodextrin in 20/80 Acn/20 mM NH4 Acetate pH=4 in
Water infused at 10 pL/min

Quattro micro Training Course
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Samples Analyzed in ES mode

Typical ES Positive lon Samples
Peptides and proteins
Small polar molecules
Drugs and their metabolites
Environmental contaminants
Dye compounds
Some organometallics
Small saccharides

Typical ES Negative lon Samples
Some proteins
Some drug metabolites (e.g. conjugates)
Oligonucleotides
Some saccharides and polysaccharides

Atmospheric Pressure Chemical
lonization (APcl)

Low molecular weight (<1000 Da)
Singly charged species
Fragmentation, even at low cone voltages

Mobile phase can be non-polar
(normal-phase chromatography)

Quattro micro Training Course
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APcl Source

Discharge Pin
Sampla

Nebuliser  Desolention
Gaz Gas

Cleanable Exhiaust
Baffi L

\ (Sample flows through)

L ———

\

Drying APcl Sheath Nebulizing
Gas Gas Gas

Sourcs i
Englosure
Rolary Turbomolecular
Pump Puraps
APCI Probe Design
Stainless Tube Fused Silica Capillary Pla_sma of
lonized Ny

and 02 lons

\

Corona Pin
(Voltage
Applied)
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APCI lonization

# Solvent molecules are in the gas phase.

# lonization takes place in the plasma.

# Goal of the nitrogen is to evaporate solvent
expelled from fused silica.

+ May be more sensitive than electrospray with

some non-polar molecules

# Higher temperature, more aggressive ionization.

APcl lons

In positive ion APcI, ions similar to those formed in
positive ion electrospray are formed.
For example: (M+H)+ or (M+Na)+

In negative ion APcI, the (M-H)- ion formed in
negative ion electrospray is also produced.

Also in negative ion APcl, free electrons are formed.
Certain types of molecules can pick up one of the free
electrons produced by the corona pin and become
negatively charged without a change in mass.

This process is sometimes referred to as “M+e"” or

“M plus dot”.

Quattro micro Training Course
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APCI versus Electrospray
100,000

I

D

()]

<

©

o 1000

L)

O

=

Non Polar Polar
APCI versus Electrospray
100,000

=

D

(O]

<

&

3 1000

o

O

= \ APcl
LN\ O

Non Polar Polar
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APCI versus Electrospray

S =

100,000
€
D
()]
<
&
3 1000
R0
3 El
0
Non Polar

Polar

Ionization

Probe

Potential

Process

APCI versus Electrospray

APcI

Gas Phase Process
Fused Silica Capillary
Applied to Corona Pin

Probe heater vaporizes
the liquid.

All molecules are
now in the gas phase.

Corona pin produces
nitrogen ions.

Molecules are ionized
when they collide
with the nitrogen ions.

Electrospray

Solution Phase Process
Stainless Steel Capillary
Applied to Capillary

Spray of charged droplets
produced.

Liquid is evaporated from
the droplets.

Then droplets split into
smaller droplets.

When the droplets get
small enough, ions enter
the gas phase.

Quattro micro Training Course
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. APcI

APCI versus Electrospray (continued)

Electrospray

Fragments More vigorous ionization.
More fragments produced.

Sample Types Low MW<1000
Can be less polar.

Charges Usually Singly Charged.
Flow Rates 0.2 - 2 mL/min

Temperatures Source ~ 120-140 °C
Probe ~ 450-550 °C

‘Gentler” ionization.
Less fragments produced.

Small & Large Molecules
Tend to be more polar.

May be Multiplied Charged.
0.001 - 1 mL/min

Infusion:Source ~ 80 °C
Desolvation ~ 120°C

HPLC: Source ~ 120 °C
Desolvation ~ 350 °C

Compound Type

Positive or Negative?

Easiest Formed lons

Basic Compounds (-NH,)

Acidic Compounds (-CO,H, -OH)

(M+H)* Pos lons

(M-H) Neglons

Quattro micro Training Course




Waters

Z-Spray Source
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_ RF Transfer Optics
Desolvation Sampling Cleanable  yent  Hexapole Ton Bridge
Gas Manifold Cone Baffle r T 104 mBar

;‘ &
“ \ fon Block
~ 1 mBar
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-

RF Transfer Optics
Desolvation Sampling Cleanable yenr  peyanole Ton Bridge
Gas.Manifold Cone Baffle 4 10 mBar
\ \ 31 T 1 |
\
A :

- \ f

ZSPRAY™

\

\

Ion Block Extraction
~ 1 mBar Cone

Neutral solvent evaporating

{cone-shaped region from initial spray}
W hy Sotution inlet to

Skimmer
- To anaiyzer
elecirospray source —_— i

p Y I 9 : \-s-pgét:rzsvﬁter
Z-S pray . l lon beam

Neutral sobvent evaporating
(cone-shaped region from initial spray)

Saiution inlet to ity 8

electrospray source T —

-~ Extraction cone

To analyzer
of mass
spectrometar

1

Skimmaer oritice

ion beam |

More ions make it into the Z-Spray source
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Z SPRAY™ Source - Electrospray
Probe
. Lf%:’—b Exhaust
Sample e Cieanable' 3
ot o Batfie —
Sample”]
. Cone
isolation
Nebuliser Desolvation Valve
£ S'ource
nclosure § * A
Rotary Turbomolecular
Pump Pumps
Probe Position
Sample Sample

" Capillary

Nebulising
Capillary

0.5mm

Probe
Tip

Quattro micro Training Course

30



Electrospray Probe Tip

Stainless Steel Tube

\ 7ss Steel Capillary
Liquid > > - ‘

Electrospray ‘Plume’

Electrospray Probe Tip

Nebulizer Gas

Liguid > > »

Nebulizer E-Ias Electrospray ‘Plume’
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Electrospray Probe Tip

Desolvation Gas

Nebulizer Gas

v

Liquid =———b ->

Nebulizer éas Electrospray ‘Plume’

Desolvation Gas

Desolvation Gas Flow

Nitrogen=—»

Heater Wires ===,

Heater Wires == 2

Nitrogen——>

Quattro micro Training Course
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Quattro Ultima and Quattro LC:
Sample Cone and Cone Gas Nozzle

ESP or o o . ®e. o o .
APCI Prob ume o
robe &00. :: * &0 foo e
O 0. O . Clusters,
o s, '.g:.'o e 2and Stuff
°

lons with Fewer Clusters

®
°
o
which yields better S/N.
Cone GaS l Less Stuff Collects

on the Orifice Cone
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Cone Gas Example - Dextromethorphan

1 na/mL DextroMTP 20 uL XTerra cs:]
Dextro_1_04 Sb(2,1.00): :m (Mn 2x1) MRM of 2 Channels ES+
1007 3.09

TIC
CT-%d
2560 280 8.53e3

% Cone Gas = 125

¢
Dextro_1_05 Sb (2.1.00 ) Sm (Mn xty LT T MRM of 2 Channels ES+
1001 1 4.09 TIC
8.28e3
3.33
%1 M Cone Gas = 175
0 T T T T T T T T T )l
Dextro_1 06 Sb (2, 1 00 ); Srn (Mn 2x1} MRM of 2 Channels ES+
100+ ¥ 4.09 TC
8.43e3
%] Cone Gas =225
0 /\A,\/\WM /\‘ T T T T y T an!
Dextro_1 07 Sb (2, 1 o0y, Sm (Mn 2x1) MRM of 2 Channels E?*z
4.09 ¥

1009 7.28e3

Cone Gas = 275

» %
0 T T WM T T T T T T T Time
. . X X 5.50

Baseline Noise Magnified by a Factor of 60

Corona
. Discharge Pin‘ i %._) Exhaust
Samplo : [rm—
-»

Cleanable Exhaust
Baffle Liner

Nobuliger Qesolvation
Gas Gas

Source
Enclosure

Rotary Turbomolecular
Pump Pumps

L
i
q
i
i
i
!
APcl Source i
i
!
i
i
i
i
q
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Waters

Mass Spectra
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MS Data Acquisition Modes
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Mass Spectrometer
Data Acquisition Modes

MS Modes MS/MS Modes
« MS1 Scan « Daughter lon Scan

-§LR + Parent lon Scan
+ MRM
A

» Constant Neutral Loss(Gain)

MS1 Scan
B\ch &t
MS1 Collision MS2
Cell (No A
Scanning ell (No Argon) RE

RF (+ DC)

Quattro micro Training Course
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MS Spectra of an Infused Spectra of ‘fens

MIXd_INF2 1 (1.019) Scan ES-
100+ 205.1 5.98¢6
Ibuprofen
(M-H)
24314 2531
%
Flurbiprofen Ketoprofen
(M-H) (M-H)
c‘;I’L.J.AA‘.\.li.,..\.x..m/z
180 185 190 195 200 205 210 215 220 225 230 235 240 245 250 255 260 265 270 275 280

Monoisotopic versus Average Molecular Weight
Monoisotopic Molecular Weight is caiculated using the atomic weight of
the most abundant isotope of each element.

Average Molecular Weight is calculated using the average atomic
weight of each element taking into account the relative abundance of its
isotopes.

For example: Naturally occurring carbon is 98.93% Carbon-12
(At Wt=12.0000) and 1.07% Carbon-13 (At Wt=13.0034).

In calculating a monoisotopic molecular weight, each carbon would add
12.0000 to the molecular weight.

The average atomic weight of carbon is:
(0.9893)(12.0000) + (0.0107)(13.0034) = 12.0107

So in calculating an average molecular weight, each carbon would add
12.0107 to the molecular weight.

The molecular weight listed on reagent bottles is an average molecular
weight.

Quattro micro Training Course
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Toine pagre

HD A

Mass Spectra - Different Isotopic Forms of an Analyte

MIX4_INF3 1 (2.021) Sm (SG, 2x0.50) Scan ES- Thia_Scan_01 79 (3.384; Sm (8G, 2x0.50); Cm (77:84-(3
100+ 243.0 3.33e6 1004 29 4.64e5

Thiamethoxam
(M+H)

Flurbiprofen
(M-H)
% %7

0 T T T T T T T 1 miz 0 T T T T T T T
240 241 242 243 244 245 246 247 248 290 292 294 296

Cq5Hq30,F CgHqg N5 O3 S Cl

=gt Detvuren

- -
_ohrtoauum -

tollectron ;Fe‘y’a'itte glyedvuym

:eb’\’* Vol d

nEm

Mass Spectrometer Acquires Spectra in the
‘Profile’ or ‘Continuum’ Mode

‘Continuum’ Data

ob
o} ° o O
o
a a
o g O UD
o o o
0 @‘ﬂ . . qha;L 0 .
608 609 610 611 608 609 610 611

Example of Profile Data acquired
at 16 points per Dalton

If directly stored by MassLynx,
this is ‘*Continuum’ Data

Example: Suppose you are acquiring spectra from 300 to 700 amu and that you
are taking one complete spectrum every 1 sec. Then 60 separate continuum
spectra with a range of 400 amu will be stored each minute of acquired data.

Quattro micro Training Course
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Converting Continuum Data to Centroid Data

The mass spec can also take each profile or continuum spectrum it has
acquired and convert it ‘on the fly’ to centroid data. In this process,
the center of each spectral peak is determined and only information on
the center of each peak is transmitted to MassLynx.

‘Centroid’ Data

608 609 610 611 608 609 610 611

“tune puge

— Uptren

Data Acquisition Modes _, cet [ng

¢ Continuum - also known as “Profile” data
series of spectra are acquired are stored individually
largest data file size
shows peak shape
can handle signals that vary with time (e.g. LC Peaks)

¢ Centroid - also known as “Stick” data
sees profile data but instantly converts it to stick data,
smaller data file size than continuum data
gives no peak shape information.

¢ MCA - Multi-channel Acquisition
is continuum data summed into one scan
smaller data file size than continuum but preserves the peak profiie.

W mave  Theroals

assumes there is a constant signal (infused sample)

Quattro micro Training Course
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Which Data Acquisition Mode?
Maximum Scan Speed .
Mode At 16pts/Da Typical Use
. GC, OpenLynx,
Centroid 1000 amu/sec FractionLynx, high
concentration samples
1000 amu/sec Multiply charged
MCA (EPCAS) species, non-time
400 amul/sec resolved data
(TDAT) {e.g. Infusion)
1000 amu/sec Multiply charged
Continuum (EPCAS) species, time
500 amu/sec resolved data
(TDAT) (e.g. HPLC)

Mass Spectra of LC Peaks

11000 na/mL Thiamethoxam and Metabolite
[Thia_Scan_01 Sm {Mn, 2x1) Scan ES+
1001 i g
2.86e7|

21 T y T T T T T T T - Time
250 3.00 350 4.00 450 5.00

Full Scan Spectra of LC Analysis of a
Standard Solution of Thiamethoxam
and one of its Metabolites.

Spectra taken using 1 second scans
from 100 to 400 Da.

100

%

hia_Scan_01 79 (3.364) Sm (SG. 2x0.50): Cm (75:85-(43:71+110:1
292 3.76e9
Spectrum of Peak "
i Thiamethoxam
with RT of 3.40 e
From CVF
219
Na Adduct
246 34
. IL A L

1007

m %

\\\\\

Orfeber vy )
[Fhia_Scan_01 101 (3.769) Sm (SG, 2x0.50). Cm (97:104-(43:71+11
260 & 84e5]

Metabolite

CVF = Cone Voltage (M+H)

Fragmentation

Spectrum of Peak
with RT of 3.77

From CVF

..... Avtrvavefarerreeeey pheethoe miz

160 180 0 0

Spectra of two LC Peaks.
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MS Scan - Infused Sample vs LC MS Sample

THIA_INFUS_02 1(0.176) Sm (SG, 2x0.70) Thiamethoxam Scan ES+
100, 1 181 M+N 5.85e6
a
Spectrum from
%- Infusion
: 330 358 3g9 3¢
o ! ity Tl il LA ¥R ERTI TT WP VI o
Thia_1F29_011 79 (3.384) Sm (SG, 2x0.70); Cm (76:84) Scan ES+
100~ 202 4.17e5
CVE M+H Combined Spectra
% o1 M+Na from Peak at 3.4 min
186 197 in LC/MS Analysis
156 J. 1 248 314
c T ] T rlI T AI K] IA T T T T AILI T T T T 1 IL‘ T 1] T T 1 T 1
Thia_1F29_011 79 (3.384) Sm (SG, 2x0.70); Cm (76:83-(45:73+86.96)) Scan ES+
100+ 292 . 4.55e5
M4H Combined Spectra from
CVF + Peak at 3.4 min in
%] 211 M+Na LC/MS Analysis with
M Spectra Subtraction
246 314
0 T T T T 4 ba. m/z

140 | 180 | 180 | 200 220 | 240 | 260 280 = 300 = 320 340 360 380

Cone Voltage Fragmentation

Fragments from

Collisions
along with
‘Unfragmented’
lons Produced lons
by ESP or APCI @ {\9 ) ‘/y
—0 0 o0’ —
® ~

[ 3

.
.
.
.
.

lons which are accelerated

Cone Approx by the cone voltage,
20-100V collide with Nitrogen
molecules
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Example of Cone

. Erythromycin : MW =733 Da
Voltage Fragmentation

Quattro micro™

ERYTHRO_010_MS 1 (1.530) Scan ES+
734 1.34e8
100
Cone Voltage =30 V
" 5
140 6
159 193 537 576 718
0 "|""|"LE"| "'I"”|""I AL SARMLARAR! LARRE ARAAZ RAALE RARMY RAAMY RELLS LALLY LARAS % Prrrtrer IAARRY AARAI RAAM | "'1' "‘|]I T
ERYTHRO_011_MS 1 (1.530) Scan ES+
158 2.20e8
100
Cone Voltage = 50 V 576
%
116 159 53(ksssly7 74%5‘6
G tloaaid, I e L e i;
A ARSALASAS SSARE LABAY BARAS ARARARARME RARAS RARAN RARAY RASH SALAE RAARY ALAL) LEASK MLALS LA LAEAS LAAAS MAALY LAASN RALA) SL200 RALES LADAS Liuss nanat]
ERYTHRO_012_MS 1 (1.530) Scan ES+
158 6.62e8
100
Cone Voltage =75V
%116
159
756
b

G TF 1T 1] T 1 T 1 7T T T T 1 5 LARLAABAL LSRR LM ) T lm/z
150 200 250 300 350 400 450 500 550 600 650 700 750 800

Cone Voltage
Fragmentation
In Erythromycin

Quattro micro Training Course



Recognizing Multiply Charged lons
Mass spectrometers operate on the basis of
mass-to-charge ratio (m/z).

Mass assignments are normally made assuming
a single charge perion (e.g. z=1 so m/z=m)

Single charge m/z = (M+H)
Double charge miz = (M+2H) / 2
n charge m/z = (M+nH) /n

Modified B-Cyclodextrin - Multiplied Charged Example

Modified B-Cyclodextrin.
Added functional groups are
shown in the dashed circles.

Sample from HO
Prof. Paul Smith,
U of Maryland,

Baltimore County "o

B-Cyclodextrin
is a Ring of 7
Glucose Units
HO OH
o]
X o OH Oxygen Linkages

are Numbered

OH
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%] 690.2

Modified B-Cyclodextrin - Multiplied Charged Example

Quattro micro™

SH_263_MS_202 1 (2.091) Scan ES+
o - 1217.5 1.41e7
] Positive Ion Electrospray (M+H)+
Cone Voltage = 100 V 1218.5

O_
SH_263_MS_201 1 (2.091) Scan ES+

_ 609.2 4.29¢8
1007

] 609.7 (M+2H)++ Positive Ion Electrospray
m o Cone Voltage = 55V

G-‘I""I ALBERAAS SR RARASLAULES LS KRS ILLAS BALAS RIUULS IULLE LR SR UL sausanl 11174

600 70 80 900 1000 1100 1200 1300

10 pg/mL Modified B-Cyclodextrin in 20/80 Methanol/0.1% Formic Acid in
Water infused at 10 pyL/min

Modified B-Cyclodextrin - Multiplied Charged Example
Assume Monoisotopic Mass of Analyte is M.
Mass of Isotopic Forms (mostly from C13's) = M, M+1, M+2, , ,
100 121748 Top Spectra
For Singly Charged lons
o/_' (assume addition of H+)
0 S
] m/z of Isotopic Forms=
] M+1, M+2, M+3, , ,
0 _ T f T T T T —— m/z {(Monoiso MW=1216.45)
1216 1218 1220 1222
100+ 609.26 Bottom Spectra
For doubly charged ions,
609.77 (assume addition of 2H+)
% m/z of Isotopic Forms =
] 610.27 (M+2) /2= M2 + 1,
(M+3) /2 =M/2 + 1.5,
(M+4) /2 =M/2 + 2,
T T T T T T T T m/z
607 608 609 610 611 612 613 614 1o
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Multiply Charged lons
Substance P : Arg - Pro - Lys - Pro - GIn - GIn - Phe - Phe - Gly - Leu - Met - NH2
Substance P
SUEPDY 4 O.0148 S Mn, 20608 36 (1.36.00)
. B14F
300
IMa2H]?*
i
guk ¥
& +
I {M+H]
5P R 124¢ 7
i
L6400 S00 £00 i) gnn 500 1008 AR ) 3300

Example of Multiply Charged lon
1004 18
Y Electrospray Spectra of
2 e Horse Myoglobin
20 _m/z and Charge States
Shown
15
131
%1 21
808 14
1212
22
m 13
1305
23 g
24 152 10 9
4 1 O A U (Y S
700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900

m/z
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MS1 Scan (Review)

MS1 Collision MS2
Cell (No Argon)

Rf (+ DC)

Scanning

Y
10 -100V
m,
mZ
m3

MS1 Scans are used to obtain Mass Spectra

SIR (Selected Ion Recording)

MS1 Collision MS2
: Cell (No Argon)
Fixed Rf (+ DC) RF

~
10 -100V

SIR's are used to monitor selected analyte(s)
i T SN D P S e RS et A

Quattro micro Training Course
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SIR Example
Thia 4GO7 007 Sb (2.1.00 ); Sm (Mn, 2x3 SIR of 2 Channels ES+
Thiamethoxam | T ¢07-007 S0 (21.00); Sm (Mn, 2x3) o4 hanes o1 s
MW =291 1~ 1o7es
\ SIR of (M+H)
% m/z = 292
Thi§_1Go7_'oo7 Sb (2,1.00); Sm (Mn, 2x3} " SIR of 2 Channels ES+
1007 126119.3
. Die
Metabolite S B
MW = 250 . o SIR of (M+H)
miz = 251
5 800 ss0 900 em0 | 1odbe

Daughter Ion Scan

MS1 Collision MS2

. Cell (w/Argon) _
Fixed 5-40 eV Scanning
m,
m, v m,
m3

Determines Collision Induced Dissociation (CID) produced daughter ions of
a particular parent ion
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Daughter Ion Scan —
Effect of Changing Collision Energy
MS/MS Spectra of Chlorpheniramine (MW=274)

100 Daughter Ions of m/z=275 275
® %31  Collision Energy = 5 eV M+H
G T T T T T T T T T T T T T M T 1 T L T T T T T T 1 T 1
100
275
%] Collision Energy = 10 eV 230
c‘ T T T T T T T T L T T T T T T T T 1 T T T T T T
100
230
%] Collision Energy = 12 eV 275
G T T T T T T T I T T T T T T 1 T T T T 1 T T T 1 ﬁ T T t
100+
] 230
%) Collision Energy = 17 eV
G. LA AR T LRARAS MARRE AR | LRARAS LAREE LARAL SARMS AN RARAS | LEABGIAMRAL SEA AR Ul s st s 11174
1560 160 170 180 190 200 210 220 230 240 250 260 270 280 280
Daughter Ion Scan —
Effect of Changing Collision Energy (Cont.)
100 MS/MS Spectra of 230
] Chlorpheniramine . _
o (MW=274) Collision Energy = 17 eV
Daughter Ions of m/z=275 M+H
G ] T T T T T ¥ T T T T T T T T T T T T 1 T T T T T 1 T T
1007
] Collision Energy = 30 eV
%7 167 230
0 ﬂ 180 201202 ﬂ
1001
o] 167 Collision Energy = 38 eV
03 180 194 201 230 ;
150 160 170 180 190 | 200 210 | 220 | 230 ' 240 250 ' 260 270 280 200
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Daughter lon Scans — Propranolol Example

MS/MS Spectra of Propranolol (MW=259) Daughter Ions of m/z=260

X_PROPRANOLOL_MSMS 1 (1.015) Daughters of 260ES+
260 1.83e7
100
] 116
183
M+H
N\
%
74
9 157
4 58 86 155
218
Ottt ""J'I""jlj'“'fa"{‘“|"" AR N m MIZ

60 80 100 120 140 160 180 200 220 240 260 280

MS/MS spectra can often be very complicated. Maximum daughter ion
signal obtained using a collision energy of 18 eV. Increasing the collision
energy beyond this level, led to more CID of the parent M+H ion, but also
led to more CID of the daughter ions resulting is lower daughter ion signals.

Daughter lon Scans — Thiamethoxam

”(‘)'OA-'NFUS—OZ 10179 From MS Scan of Infused Sample Scan ES+
1004 1 b
) Thiamethoxam
Metabolite 314
250 292
%- M+H M+Na

AAAAAAAAAAAAAAA

o b 3 ; e SNVl 7 ALY PRI ol VM hepe o
THIA_INFUS_03 1 (1.017 Daughters of 292ES+
100 211 3.90e6

Daughter Ion Scan

%_

Daughter Ions of m/z=292 Thiamethoxam Ion

181
0 e |SAad RAA A sl L |

THIA_INFUS_04 1(1.475) Daughters of 250ES+

1007 169 6.97e6

ok
AR AAAR RAAE) LASA] RALAY SALA) LA AL LAL LAMMS AL SN MAAAF RAAM RAAA) LAAMI MMM LA MMM MMM MAAM RAMM LA

Daughter Ion Scan

= %

Daughter Ions of m/z=250 Metabolite Ion

Ot aad ad s o st L i L s M A s ) sl sl A ) Al L VA LA LS LA Wil LS MM M M M i L i sy 11 74
150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310 320 330
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MS-MS of Multiply Charged lons

The most intense ions are normally used for MS-MS
even if they are multiply charged

Multiply charged ions may require higher collision
gas pressures than singly charged ions

Fragment ions can be larger in apparent mass than
the multiply charged precursor ions

Ha Vancomycin

HO! O,
(M+2H)H+ d -
10015 724.9 HsC o OH

O HC
%-| CHy
14486
726.9
7 (M+H)*
Magnified [14518
274 by 15X 1452.6
727.9 1453.6
4 ’355;15 14185
c lI l‘l‘kl 1 I} T l‘ J T U T § T T “‘L,‘l ul“
600 700 800 900 1000 1100 1200 1300 1400 1500

miz
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; i L . - 2 i - - - - -i‘, 5

MS Spectra of Vancomycin

VANCO_14_MS 1 (0.284) Sm (SG, 2x0.60) Scan ES+
1450.6 6.3%e5

100 1448.6

%

0 T T T T T T T T T 1 m/z
1446 1447 1448 1449 1450 1451 1452 1453 1454 1455 1456
VANCO_15_MS 1 (2.055) Sm (SG, 2x0.60) Scan ES+
100+ 7249 7259 2.34¢e7

(M+2H) T+

%]

o
721 722 723 724 725 726 727 728 729 730 731

Mz

Vancomycin :
Daughter Ions of (M+2H)++ Ion (m/z=725)

Quattro micro™
VANCO_04_MSMS 1 (2.055) Daughters of 725ES+
100, 1447 5 1.28e7

Spectrum Magnified by 5X

Singly Charged v
«— Daughter Ion from m/z = 600 to 1500

% 1307.3

Unfragmented 7256
Doubly Charged
Parent Ion ——

Singly Charged
Daughter Ion —>

u LRI S S I A I R B L I S R m/z
200 400 600 800 1000 1200
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oy

meg
- Qvnafk}/\

Closer Look at Daughter Ions of
(M+2H)* T Ton (m/z=725)

VANCO_05_MSMS 1 (0.890) Sm (SG, 2x0.60) VANCO_05_MSMS 1 (0.890) Sm (SG, 2x0.60)
_ 144.2 5.59e6 _ 1307.3 5.4
100 100
1305.3
1306.3
1308.3
% %
1309.1
145.1
0 T T T T T T T 1 m/z 0 T T T T T T T T
140 142 144 146 148 1304 1306 1308 1310

3e5

Note: LM & HM of MS1 were opened up to pass all isotopic forms of
the m/z=725 ion into the collision cell. ‘Isotope Peaks’ are 1 Da apart.

HO
Possible OH Possible
Fragmentation .
Seo HC OH Fragmentation
Y ~ . o o 1
= ci [}
1
O (0] !
1
—V_ -
oH .-~

Observed Daughter ions of
m/z = 725 Parent ion are
seen at m/z = 1305 and 144
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Example of MS/MS of a Doubly Charge lon

[Glu1]-Fibrinopeptide B Glu-Gly-Vai-Asn-A:

GluFib 5 pmol/uL. in Acn/Wat infused: 4 uL/min
GluFib_Parent 1 (2.191) Sm (SG, 2x0.50)
785.7

100

(M+2H) Tt —

%

200 400 600 800

sp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg

Scan ES+
x100 6.34e7

Magnified by 100

1570.4

1000 1200 1400

Example of Daughter lons From a Doubly Charge lon

A A
11 10
GluFib 5 pmol/uL in Acn/Wat Infused: 4 uL/min

[Glu1]-Fibrinopeptide B Glu-Gly-Val-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg

A
9

GluFib_Parent 1 (2.191) Sm (SG, 2x0.50) Scan ES+
100 785.7 *x100 6.34e7
M+2H)* >
(Ms2H) | MS Scan | Magnfied by 100
% (M+H)* > 15704
333.1
480.1 12211
684.1
b o L L
o 1 T AL 1 T 1 T T T
GluFib_Dau 1 (3.370) Sm {8G, 2x0.50) Daughters of 786ES+
100-186.9 333.0 Y’6684.0 Vv 2.89e6
¥'s ¥
480.0 8129 L Daughter Scan of m/z=786
v
" % , O N
111 240.0 ¥'s 9420 40550 Y10 Y11
] 382.0 627.0 1171.0 1285.0
1 “ I“JAL }h " lj lulll 7??.94 | i l x[
’ 4 o 4 J aly ll s L 3 b 2 |. . e i A m/Z

1
200 400 600 80O

1000 1200 = 1400
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’%@teﬁ pyY® Cl“d’
S |

MRM (Multiple Reaction Monitoring)

MS1 Collision MS2
. Cell (w/Argon)
Fixed 5-40 eV Fixed

MRM's are used to monitor selected analyte(s) via their daughter ions

/Eom aring MRM and SIR - Example 1

lon Chromatograms from SIR’s of m/z=255

Mixlso_1G14_622 SIR of 1 Channel £+
100+ 131 TIC
5.85¢8
From a Sample that is
60 ng/mL Ketoprofen
Fenbufe
n o 60 ng/mL Fenbufen
"
o]
OH Ketoprofen Fenbufen
KetoProfen [ A AN RO SaAs Rt RARLE Rl AR Mased Anaal anar RARSS Rases eans nesax nnananans B8 U 111):]
o 080 080 100 110 120 130 140 150 160 1.70

(0]
Mixlso_1G14_023 SIR of 1 Channel ES+
1001 131 o D;ncé
. .D3e
OH From a Sample that is

60 ng/mL Ketoprofen
Both have a MW of 254 § ng/mL. Fenbufen

%

Ketoprofen Fenbufen ??

L A L VAL ST RALAL RS AARAL ALSAY ASAAL EASALAMARE Rasas b anias nanaranas ) (10111
090 100 110 120 130 140 150 160 170

oc
3
o
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Comparing MRM and SIR - Example 1 (cont.)

lon Chromatograms from
SIR and MRM Analyses
of a Sample that is
60 ng/mL Ketoprofen
6 ng/mL Fenbufen

ixiso_1G14_023 SIR of 1 Channa! ES+
100+ 131 TIG
6.03e8

From SIR of

o] m/ z= 255

L A A S A VAT RS RARRE AN LA Rise it asas ssans aasas nanad nasas anuas nusas NI 1211

0.80 090 100 110 120 130 140 150 160 1.70

Mixiso_1G14_U24 BARNE 0fF 2

100

* %

Chant 5
1.31 258.2
From MRM of
miz= 255 > 209 Ketoprofen

1001

Oty
Mixiso_1G14_024

From MRM of
o miz= 255 > 237

T MALSsCsALAE)
MRM of 2 Channels ES+

1 255.26 > 2372

B.06e4
knbufen

a2
TH00 110 120 | 130 140 | 150 | 180

Tt T T T Time
0.80 0.90 1.70
0 ng/mL Thiamethoxam and Metabolite ‘Quattro micro™|
C . hia_1G07_007 Sb (2,1.00); Sm (Mn, 2x3) SIRof 2 ChannelszEgﬁ#S
omparing 100 1.07¢4
MRM and SIR -
% ¢——| Thiamethoxam
Example 2
ng_mw_oo.T Sb (2.1.00); Sm (Mn, 2x3)

" SIR of Z Channels ES+
249.8

/ 100
1 61e4)
SIR’s of a 10 ng/mL -
Standard Solution - % Metabolite
of Thiamethoxam ‘
& Metabolite A7) .00 850 .00 950 IV
Matrix Spiked with Low Standard Qusttro micro™|
[Thia_1GC7_002 Sb {2.1.00); Sm (Mn, 2x3) SiR of 2 Channeis £S5+
SIR’s of Sample of Impurity. Not

10 ng/mL Thiamethoxam 4
& Metabolite in a

Fruit Matrix

«—| Thiamethoxam

Peak Labeled an impurity in
the fruit matrix sample is
also present in blank
matrix samples.

N' [ *
Irhia_1G07_002 Sb (2.1.00 ); Sm (Mn, 2x3) SIR of 2 Channels ES+
100 248.8]
1.42e4]
Metabolite ?? ~——
%
_? T Time
0 800 8 50 900 9 50 10 00

Quattro micro Training Course

55



Comparing MRM and SIR Example 2 (Continued)

MRM’s of Sample of 10 ng/mL Thiamethoxam
& Metabolite in a Fruit Matrix

Matrix Spiked with Low Standard Quattro micro™

Thia_1G04_313 Sb (2,1.00 ); Sm (Mn, 2x3) MRM of 2 Channels ES+
1004 291.8> 2108
4
o Thiamethoxam
« 0+
0 1 ™ ; r " r < T - ]
Thia_1G04_313 Sb (2,1.00 ); Sm (Mn, 2x3) MRM of 2 Channels ES+
1004 249.8 > 168.8
463
Metabolite
%
P50 soo  ss0 900 sko  1046m¢
50 8.00 8.50 9.00 9.50 10.00

Peaks Labeled as Thiamethoxam and Metabolite
are not present in blank matrix samples.

Parent Ion Scan

Consider a class of compounds that are similar in structure:

Different Compounds Different Same
That Are Somewhat Neutral Charged
Similar In Structure Fragments Fragment

Parent Ion Scans can be used to detect those compounds whose
molecular ions produce the same charge fragment.
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PAR (Parent Ion Scan)

MS1 Collision MS2
) Cell (w/Argon)
Scanning 5-40 eV Fixed
3V
m, = m,
m, -
= -

Find ions that will produce via CID, daughter ions with a particular m/z

Parent lon Scan Example: Lets look at the MS/MS
Daughter lon Scan of a Beta Blocker, Propranolol

X_PROPRANOLOL_MSMS 1 (1.015) Daughters of 260ES+
100~ 260 1.63e7
Major Daughter Ion
1 f/ at m/z=116
183
M+H
N
%_
7274
98
157
58
g 155
218
141 165 A
o- s J

™ AR RSN LARAS RSN LRSS LSS LARRE AASAS LaRAR Lanas Y 11174
60 80 100 120 140 16 180 200 220 240 260 280
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Example of Beta Blockers whose M+H Ion All
Produce a m/z=116 Daughter Ion

Daughter Ion of m/z=116 produced by CID
at spot indicated by ~~~~ line.

+//L\\\ +//L\\\
H2N+J\ HoN HoN

HO HO HO

o] 0 o]

\_/
(0
)

Pindolol

MW=248 ~\_ -~ Metoprolol Propranolol
MW=267 MW=259

Parent lon Scan Example: From a mixture, determine which
components are from this class of beta blockers

MIX_MS 1 2g;‘.5025) For example, this is a MS Scan Scan ES+
1001 from a mixture of components. 15629

268
280

249 20 27
% 295

0 ""I""I'"I""T‘""""I"“I""I"'I‘''/\JI"{L‘L‘\’IYVIT{\T‘l""l""lm/Z
230 235 240 245 250 255 260 265 270 275 280 285 290 295 300
To determine which components belong to this class of beta blockers,

you could perform a daughter ion scan for daughter ions of the m/z=235

parent ion and see if the m/z=235 ion produces a m/z=116 daughter ion,
then another daughter ion scan on m/z=249, then 260, etc.

Alternatively, you could do one parent ion scan for parents of the
m/z=116 daughter ion.
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Parent lon Scan Example:

MIX_MS 1 (1.025) MS Scan of Mixture of Components. Scan ES+
100~ 235 1.56e8

268

280

o

ALl

0_- ...... ‘A-.ﬂ‘_, N

MIX_PAR 1 (2.070) Parents of 118ES+
100- 249 Metoprolol 5.63e7
i Parent Ion Scan of Mixture:
Pindolol Propranolol
" % ~ \éeo Parent Ions of the
268 m/z=116 Daughter Ion
O T T T T e e T T T T e e MYZ
230 240 250 260 270 280 290 300
Parent lon Scan ) 17-a Hydroxyprogesterone
OH MW = 330
17-OHP_DAU_001 1 (0.527) Daughters of 331ES+
100 7.1 2.49¢6
Daughter Scan
for Products 1094 0 3313
of miz= 331 ions
from a %
17-o Hydroxy 3132
Progesterone 25J3<2271.3 l l
Sample o4 bty it ll.' .uL.jj,u im "imi ikl NPT W . v . . iz
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
\_ There is a class of steriods whose molecular ions (M+H) produce
the m/z=97 and m/z=109 daughter ions when they undergo CID
PARENT-MSMS-003 1 (1.103) Parents of 97AP+
100 Progesterone s0a 7 15066
Parent Scan 17-o Hydroxy
for Parents
ofrmlzr= 97lons | % Testosterone ‘ Progesterone
from a Mixture 3315
of Steroids
o T T T T t T L T “L. T T T T \ mfz
50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
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Constant Neutral Loss

Different Compounds Same Different
That Are Somewhat Neutral Charged
Similar In Structure Fragment Fragments

CiD

1

CID

1

Constant Neutral Loss Scans can be used to detect those compounds
whose molecular ions produce the same neutral fragment.

Constant Neutral Loss (CNL) Scan

MS1 Collision MS2
_ Cell (w/Argon)
Scanning 5-40 eV Scanning
m; - offset
m, - offset

———

Q1 and Q2 scan together. m/z of Q2 is m/z of Q1 minus an offset.
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Tricyclic Antidepressants that All Produce a
Daughter Ion After a CID Loss of m/z=195

mav

N Charged Fragment
Neutral Fragment
Desipramine l (MW=195)
CID
0= e
Charged Fragment
Neutral Fragment
Trimipramine I (MW=195)

CNL Example: From a mixture, determine which
components are from this class of antidepressants

MIX_MS 1 (1.025) For example, this is a MS Scan Scan ES+
1004 2 - 1.56€9
From a mixture of components.
] 268
280
] 249 260 267
9% 295

/\Jﬂ/\/\/\,\/\A , miz

230 235 240 245 250 255 260 265 270 275 280 285 290 295 ((‘300

To determine which components belong to this class of tricyclic anti-
depressants, you could perform a daughter ion scan for daughter ions of the
m/z=235 parent ion and see if the m/z=235 produces a daughter ion that is
lighter by m/z=195 (235-195=40), then repeat this with daughter ion scans
of m/z=249, m/z=260, etc.

Alternatively, you could do one Constant Neutral Loss scan for losses of 195.
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MS Scan of Mixture of Components.

Constant Neutral Loss Scan Example

Parent Ions which
produce Daughter Ions

MIX_MS 1 (1.025) Scan ES+
1007 235 1.56e9
260 287

) ﬂ/&

0-be AL A/L‘
MIX CNL 1 2 017 Neutral Loss 195ES+
100+ Constant Neutral Loss Scan of Mixture 295 5.01e7

267

Trimipraming ——

ol Pr
% with a Loss of m/z=195 i i
1 from the Parent Ion <~ Desipramine
O AR R R s S '“I"“I"“I""L,L 1 m/z
230 240 250 260 270 280 290 300

Constant Neutral Loss (CNL) Scan

FENS_03 1 2.017)
100

®

o
%
H

Ibuprofen

163
I}

Neutrat Loss 44E"
o 253 3.34e7

O OH 243

F o
Flurbifen o
OH
Ketoprofen

Juzd

-

t
0

170

180

T
190

T
200

210 220 | 230 240

250

260

210

280

Negative Electrospray Neutral Loss Scan for loss of
m/z = 44 Da from a Mixture of Compounds
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Analysis of Amino Acids by MS/MS — CNL

0O

OH

Phenylalanine

HO

Tyrosine

Analysis of Amino Acids by MS/MS — CNL

o] . (o]
N N NN
OH e 0
Deriv

miz = 222
Phenylalanine

(o} (o}
N N N NN
Deriv
HO HO m/z = 238
Tyrosine
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Analysis of Amino Acids by MS/MS — CNL

Phenylalanine

v

Tyrosine

O TN mp

o 0
N N
OH
Deri
HO HO miz = 238 HO

o}
N O/\/\ N

0
N
OH
Deriv
ml/z = 222

—)p
C.1.D.

m/z =120

C.LD.

mi/z=136

CID Results in the Loss of 102 Da

Analysis of Amino Acids by MS/MS — CNL

Derivitzed Amino Acid Mix Infused 10 uL/min
NeoLynxTestMix_CNL 1 (0.510)
100 188,0 191.1

Leucine

/ Phenylalanine
2.1

Quattro micro™
Neutral Loss 102ES+
4.28e7

/ \22 Tyrosine
%7 Methionine 2272
238.1240.1
208.0
206.1

180 185 190 195 200 205 210 215 220 225

Other peaks are from deuterated forms of

S— '] ) iz
230 235 240 245 250

these amino acids
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Phospholipids — Plant Extracts

1007 MS Scan of

Plant Extract

%

miz
400 500 600 700 800 900 1000
L-Phosphatidylcholine H,COOCR” (R” = H for lyso PC
(PC and lyso PC) [ or lyso PE)

R'COOCH o
L-Phosphatidylethanolamine | I

(PE and lyso PE) +

HyC—0-P-0~CHy-CHy ~N X3

X = CH3 for PC & lyso PC g—

X = H for PE and lyso PE

Phospholipids — Precursor Ion Scan Example

1007 MS Scan of

Plant Extract

%]

m/z
400 500 600 700 800 900 1000

L-Phosphatidyicholine H,COOCR” (R” = H for lyso PC)
(PC and lyso PC) |

L R'COOCH 0
Positive ion electrospray: | I .
When PC and lysoPC ionize CA-DP_A _ _
and fragment at the red HyC -0 |T 0= CHy —CHy =N (CH3)3
arrow, the bottom right o
fragment leaves as a
charged ion with m/z=184.
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Phospholipids — Precursor Ion Scan Example

100

MS Scan of
Plant Extract

0y m/z
400 500 600 700 800 900 1000

1007 MS/MS Precursor Scan
] for Precursors of

m/z=184 to detect

different forms of

PC and lyso PC

'|"'*r'r’h'Jx'J'L‘AL‘lr'"|'*"I""|""|'"'l----l--'-rﬁ'ﬁmlz
400 500 600 700 800 900 1000

I S
pr iy

Samples provided by Dr. Ruth Welti, Kansas State University, Manhattan, KS

Phospholipids — Constant Neutral Loss Example

1007 MS Scan of

Plant Extract

/z

0 m
400 500 600 700 800 900 1000
L-Phosphatidylethanolamine H,COOCR” (R" = H for lyso PE)
(PE and lyso PE) |

R'COOCH 0]
Positive ion electrospray: | I
When PE and lyso PE ionize HyC—-0-P -0~ CHy-CH, - N+H3
and fragment at the red I
arrow, the bottom right o
fragment leaves as a neutral

fragment of mass 141.
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Phospholipids — Constant Neutral Loss Example

100+
1 MS Scan of

Plant Extract MS Scan

m/z
400 500 600 700 800 900 1000

MS/MS CNL Scan for
1 Neutral Losses of
% 141 amu to detect

1 different forms of
PE and lyso PE

O T e e e M2
400 500 600 700 800 900 1000

Samples provided by Dr. Ruth Welti, Kansas State University, Manhattan, KS

Phospholipids — Neutral Loss and Precursor Ion

100~
1 MS Scan of
Plant Extract MS Scan
%_
]
1
0 m/z
400 500 600 700 800 900 1000

<- PC and lyso PC by

1007 Precursor Ion Scan
] (Parent Ion Scan)
%'un - hJ.JL)L l
PE and lyso PE by CNL -> &
O e e R R e ey 2
400 500 600 700 800 900 1000

Samples provided by Dr. Ruth Welti, Kansas State University, Manhattan, KS
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MS Scan of Natural Product Pharmaceutical
MS_Example 1 (1.009)

100~

MS Scan

%_

Quattro micro™
Scan ES-
2.82e8

A4,

200 220 ' 240 260 280 | 300 320 © 340

AR ARG LRAALS ) KA LR LA L
360 380 400 420 440

m/z

Example of a MS Scan of a natural product pharmaceutical.

MS Scan of Natural Product Pharmaceutical

0 e
200 220 240 260 280 @ 300 @ 320 ' 340

Quattro micro™

MS_Example 1 (1.009) Scan ES-
_ 349.1 2.82e8
100
MS Scan
% 3470

m/z

360 380 400 420 440

CNL Scan of Natural Product Pharmaceutical
CNL_Example 1 (2.017)

CNL Scan for loss of m/z=80.
Active ingredients in mixture

o/_‘ would exhibit a loss of 80.

Quattro micro™
Neutral Loss 80ES-

1004 349.1 4.36e7

350.2
365.2
i

200 220 240 | 260 | 280 | 300 | 320 " 340

360 380 400 | 420 | 440
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MS Scan of Natural Product Pharmaceutical Quattro micro™
MS_Example 1 (1.009) Scan ES-
100-*10 297.1 2.82¢8

MS Scan
Magnified

%] 10X

01 miz
200
CNL Scan of Natural Product Pharmaceutical Quattro micro™
CNL_Example 1 (2.017) Neutral Loss 80ES-
100-*1° . 4.36e7
] CNL Scan Magnified 10X.
Only those components in 3451 |
o the CNL Scan are active ‘
7] components.
Jaoto 5544
O-frrrrprrey 'II""I"”I""I' LARA RARAR AN SRALE SAAA LALAE RARMI W P " m/z
200 220 240 260 280 300 320 340 360 380 400 420 440
Quattro Instrument Tune Page
Quattro micro
&P NCRomass
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Access the Instrument Tune Page from the
Main MassLynx Window

Instrument ”“““"”L
Tune Page ~_.
(button with |

eyeglasses)

26 ng/mL Nega-F in NF
A7 28 rg/mt Negaf inNE NegeF

TTaAE T Blank

TEAT 3 ngiml NegaF in i
4A7 125 ng/ml NegeF in Nk
A7 2 gl NegaF in N

Stay with NHaACMP bC
T RAS 2 ngimi Negak MP+ NegaF |

064 GAT T Bng/nl NegaF nNFNegsh |

: A.......'
AL X R ]
. Pl

a 8 w‘nz

e 7102 i Demmen Tt

Inlet Editor [ g . H=U
(HPLC) :
_ "é‘vm&az am
: Aleady p e

Example of Quattro micro Instrument
Tune Page

# Quattro Micro - c:\masslynx\training pro\acqudb\ms_inf_tune. ipr

i Fle: JonMode - Calxation . Gas* Famps . Optione Help

Dls(@le| =k tal[T ol Bla] i[5
Anﬂl‘wl

Yokages

-, Function
i7: % M5 Scan
MS Scan
3 [MSScan

ST 4 PagterSean B
BFlers ) !‘“!o‘z‘—l]: v i ; iR

panl

T,

SexceTawo(T) . i3 _|,,
DesotvetonTemp (] [T88 180

- Gas Flow +
Desalvation L] - Cone L]

= BT ;
o E— 1660 FF—— o et R A
i : {2780 2780
a0 e ’

Ready

Quattro micro Training Course



Tune Page - the brain of the mass spec

¢ lon mode is set

< Instrument parameters are set.

¢ APl and Collision gases are controlled.

¢ Parent compounds are identified and
optimized

¢ Daughter ions are determined and optimized

¢ Mass Resolution is set

¢ Collision Energies are determined

& Acquisitions performed

¢ PMT is adjusted when necessary

Instrument Parameters Can Be ‘Saved’ in a File.

Instrument tune page parameters can be stored in a file for future use. As
with most MS Windows programs that save data in a file, the ‘Open’ (to
load previously saved parameters back into the mass spectrometer), ‘Save’
(store current instrument parameters) and ‘Save As’ (save the parameters
under a different file name) features are available along with 'Print’

capabilities. Iuaro Micro - c:maslntrain

ing.pr\acq..

Use the ‘New’, ‘Open’, ‘Save’ or ‘Print’ buttons or
use the ‘File’ menu for these operations.
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Current lon Mode of the Mass Spectrometer is
Operating is Shown on the Front Tab

In the example shown below, the mass spectrometer
is operating in the positive ion electrospray mode.

The lon Mode
Can be Changed
Using the

‘lon Mode’ Menu

These Gases
Can be
Toggled On
and Off Using

Buttons or
Tune Page

Menu ltems
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Example of Tune Page — Source Controls

(Readbacks in
‘Red’. Voltages.
will be zero if
mass spec is
not in the

@perate’ mode.

Operate
Button

‘Green’ if in
‘Operate’
Mode
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Setting Capillary and Cone Voltages

4 Capillary

Positive ES
2,50 - 3.50

Negative ES
\_ 2.00 - 3.00

Gone Volitage 20 - 100

To adjust a tune page value either:

1) Type in a value and hit “Enter”. Note you must hit “Enter”.
2) Use the slider

3) Click on the slider and use the arrow keys.

Source Settings: Extractor and RF Lens Voltages

Quattro micro
and Quattro L.C
Extractor and

RF Lens Settings

Ions flowing through the sample cone are pulled through the
‘Extractor’ opening, into the single RF Lens and then enter the
analyzer section of the mass spec. |

Quattro LC:  Extractor=0to 50V and RFlens=0to1V.
Quattro micro: Extractor=0t0 400V and RFLens=0to5V |
It is suggested that you start with an Extractor Voltage of 2 to

3 volts and a RF Lens Voltage of 0.7 505 Volts,
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Quattro micro™ Tune Page: Nitrogen Gas Flows

N2 Gas Flows Are Controlled From the Source Page

i)

Use the slider?ér enter values for
the Desolvation & Cone gas flows.

Electrospray - Typical
Source Temperatures
and Gas Flows
Infused Sample ™
(e.g. Flow = 10 pL/min)

Source= 70-100 C
Desolvation = 150-200 C

Cone = 50-100 L/hr
Desolvation = 200-300 L/h_D

LC/MS Sample h
(e.g. Flow = 0.2 mL/min)

Source= 120-130 C
Desolvation = 350-450 C

Cone = 75-150 L/hr
Desolvation = 650-850 L/hD
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Mass Analyzer Part of Tune Page

Select *‘Analyzer’ Tab

MS 1 Settings: Mass filters ions
entering the analyzer saction.

Collision Cell: In MS: Set to optimize
transmission of ions selected by MS1
and through the rest of the analyser
to the detector. In MS/MS: Set to
fragment ions by CID and pass them
to MS2.

MS2 Settings: In MS/MS mass filters
ions coming out of the collision cell.

™ Detector Muitiplier Voltage

‘l Infusion Syringe Speed

| Pressure in Collision Cell (mBar)
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MS Scan

Typical Analyzer Settings - MS Scan
(PMT Multiplier typically run between 500 to 650 V)

MS1: Select LM & HM to get
desired resolution. Adjust IE1
for optimum peak shape.
Typical values for unit
resolution are shown

Collision Cell and MS2: Settings
are chosen to optimize
transmission of ions selected by
MS1 through the rest of the
analyser to the detector.

Use IE2 of 2-4, Adjust
for Maximum Signal

Typical Analyzer Settings - SIR

MS1: Select LM & HM to get
desired resolution. Adjust IE1 for
optimum peak shape. Typically
lower LM & HM settings are used
than those used in MS Scans.

SIR

Collsion Cell and MS2: Same as for
MS Scans: Settings are chosen to
optimize transmission of ions
selected by MS1 through the rest
of the analyser to the detector.

Use IE2 of 2-4, Adjust for
Maximum Signal
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Typical Analyzer Settings - Daughter Scan
{(Note: Collision Energy is Compound Dependent)

MS1: Select LM & HM similar to that
used in SIR (lower than that used in
MS Scans) to get as many ions as
ey . . . . .
possible into the collision cell.

Collision Cell: Set Entrance to -5 to

cell, Setexitto 1 or 2, for best ion
transmission out of the cell. Tune
Collision Energy by compound for
largest daughter ion signal.

slow the ions down as they enter the

Daughter Scan

MS2: Select LM & HM to get desired
resolution. Adjust IE2 for optimum
peak shape. Typical values for unit

resolution are shown.

Typical Analyzer Settings - MRM
(Note: Collision Energy is Compound Dependent)

MS1 and Colision Cell: Use values
similar to those used in daughter ion
scans. Set LM & HM similar to SIR
settings (lower than that used in MS
Scans). Collision Cell: Set Entrance to
-5 to slow the ions down as they enter
the cell. Set exit to 1 or 2, for best ion
transmission out of the cell. Tune
Collision Energy by compound for
largest daughter ion signal.

MS2: Select LM & HM to get desired
resolution. Typically values lower
than that used in daughter ion scans
are used to get as many ions as
possible to the detector. Adjust IE2

for optimum peak shape.
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Parent Scan

Typical Analyzer Settings - Parent Scan
(Note: Collision Energy is Compound Dependent)

MS1: Use settings similar to those
used in MS Scans.

Collision Cell: Set Entrance to 3 and
Exit to 1. Use a collision energy
appropriate for the compound.
Sometimes a slightly higher energy
and a lower collision gas pressure
will help get better results.

1 MS2:
LM and HM should be in the 0-5
range and IE2 to approximately 3.

Typical Analyzer Settings — Constant Neutral Loss
(CNL&CNG) Note: Coll. Eng. is Compound Dependent)

MS1: Use settings similar to those
used in MS Scans. -

Collision Cell: Use values similar to
those used in daughter ion scans
and MRM's.

MS2: Use settings similar to those
used in daughter ion scans.

Best results are obtained using
slower scan rates (~100 amu/sec)
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Quattro micro™ Tune Page: Syringe Operation

Syringe Selection’:

Harriltor 250ul

Hamilton 250l
Hamiltan 2ul.
Hamilon 500ul.
Hamilton S0uL
Hamilton SmL
Hamilton Sul.

Harvard 20cc
Harvard Bcc

Popper & Sons 0.29¢c
Popper & Sons 0.5cc
Puppet % Soig 10ce
Popper & Sons 1ce
Popper & Soms 20t
Popper & Sorns 2ec
Papper & Sons 3ec
Papper & Sons Sco
SGE 108ul.

From the ‘Options” menu on the tune page, select the 'Syringe Type’ menu
item to display a dialog box from which to select your type of syringe.

Quattro micro™ Tune Page: Syringe Operation

Enter the desired flow rate and use the *Syringe’ button to toggle the
syringe pump on and off.
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Peak Display on Instrument Tune Page

T,

Pa

Example of Peak Display Setup for a MS Scan

Mass of the Span or Width Signal Gain
. Center of of the display of the
Display # 1sel  the Display in amu (Da) Display
for MS Scan '

You can ‘Left Click’
and *Drag’ over a

mass range to ‘zoom
in’ on a peak.

Note the Signal Gain
controls only how
the data is
displayed. It does
not effect the mass
spectrometer
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More on Example of Peak Display Setup for a MS Scan

Ion Signal

strength at 100%
(Y axis of display
goes from zero to

this value) \‘[

You can also

‘Double Click” in

the bar above or

below to increase

or decrease the /

gain. ‘Click’ once on X" to go back to
previous range and gain, ‘Click” again
to go back to default settings.

Multiple Spectra Can Be Displayed

Click on
Displays you\.‘

want to show

Above example is set to show two mass ranges, one
centered at 180 Da and one centered at 208. Note that
mass range displays can can have different spans and gains.
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Other Types of Spectra Can Be Displayed

a5

4 Neutral Gain Sean

The peak display can be set to MS1, MS2, Parent,
Daughter, Neutral Loss or Neutral Gain Scans using
the drop down menu for each display.

Example of Peak Display Setup for a
Daughter lon Scan

In the above example, the second window has been set
up to show the Daughters of the Parent with m/z=145.
The Daughter ion scan is centered on 112 Da. The span
is 25 so the scan is from 99.5 to 124.5.
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Scope Parameters - Can be set from the Tune Page

Use the ‘Options / Scope Parameters’ menu Item on
the Tune Page to get the following dialog box.

*‘Scan Time' is the time it will take scan across one of
the peak display mass ranges. ‘Inter Scan Delay’ is
the time between scans.

For example if 3 peak mass ranges are being
displayed, it will take: 3 x (0.8 + 0.1) = 2.7 seconds
to display all three mass ranges, so the scope will be
updated every 2.7 seconds.

Checking the Vacuum in the Mass Spectrometer

To Display the Vacuum
Gauge, ‘Click’ on the
Button with the Red and
Green Bars and the
Collision Cell Vacuum
Gauge Should be
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Checking@¥acuum in the Mass Spectrometer

28
Typical Vacuum Ranges
For MS : For MS/MS (w/Collision Gas)
Collision = 1x18 Collision ~ 1x103 to 4x10-2

(Pressures givelmiliibar) (760 torr = 1013 mbar = 1 atmosphere)
For MS, Collisis@@#Pirani gauge should read 1x10* even though
pressure in theziEmn celf will be less.

To'mck“io Peak Nasses Table:

To Returnfiféne Page Display so that the Peak Masses
Table is Skefrstead of the Vacuum Gauge,
with the Peaks’.

‘Click” on Hhft)
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Acquiring Spectra from the Tune Page

‘Click’ on the
‘Acquire button to
start acquisition of a
spectrum from the
tune page.

Acquiring Spectra via Tune Pagé -

After ‘Clicking’ on the ‘Acquire’ Button on the Tune Page,
the following dialog box should appear.

Enter Run Name, Sample Description and Type of Acquisition

[FEsT_oor )

S ample A Infused 10 pl/mi
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Acquiring Spectra via Tune Page -
Select the Data Acquisition Mode

= A Infused 10 pL/rin

Spectra can be acquired in the Centroid,
Continuum, or MCA modes

Data Acquisition Modes

¢ Continuum - also known as “Profile” data
series of spectra are acquired are stored individually
largest data file size
shows peak shape
can handle signals that vary with time (e.g. LC Peaks)

¢ Centroid - also known as “Stick” data
sees profile data but instantly converts it to stick data,
smaller data file size than continuum data
gives no peak shape information.

¢ MCA - Multi-channel Acquisition
is continuum data summed into one scan
smaller data file size than continuum but preserves the peak profile.
assumes there is a constant signa!l (infused sample)
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Which Data Acquisition Mode?
Maximum Scan Speed .
Mode At 16pts/Da Typical Use
GC, OpenlLynx,
Centroid 1000 amu/sec FractionlLynx,
high concentration
samples
Muiltiply charged
MCA 1000 amu/sec species, non-time
{Quattro micro) resoived data
{e.g. Infusion)
Muitiply charged
Continuum 1000 amu/sec species,
(Quattro micro) time resolved data
{e.g. HPLC)

Acquiring Spectra via Tune Page -
Example of Mass Range and Run Times for a MiS Scan]

TEST_DOM
Sample A infused 10 pl/min

In the above exampie, spectra will be acquired from a m/z of
50 to 500. Total acquisition time will be 1 min. A spectra will
be acquired in 1.5 seconds, the system will take 0.1 seconds
to reset, then another spectra will be acquired.
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Acquiring Spectra via Tune Page - More on Run,
Scan, and Inter Scan Times for a MS Scan

Run Duration: Total time data will be taken. In this |
example spectra will be acquired for 1 minute.

Scan Time: Time for each scan. The system is typically
calibrated to scan between 100 and 1000 amu/sec.
Choose a scan time that results in a scan rate within
your system'’s calibrated range. For the above example
on a system calibrated from 100 to 1000 amu/sec, a
scan time of 0.45 o 4.5 seconds should be used.

Acquiring Spectra via Tune Page - More on Run,
Scan, and Inter Scan Times for a MS Scan {(cont.}

Interscan Scan Time: Time between scans. At the end of
each scan after a specirum has been acquired, the
system needs time to reset the electronics for the next
scan. Typically a value of 0.1 second is used here.

The total time to acquire a spectrum is the Scan Time plus
the Inter Scan Time. In this example itis 1.5+0.1=1.6
seconds. Since the run is 60 seconds long, 60/1.6 =
37.5 or 38 scans will be acquired in this example.
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Acquiring Spectra via Tune Page - Example of
Parent Mass and Mass Range for a Daughter Scan

|

In the above example, spectra will be acquired of the
daughter ions from a parent ion with m/z = 145.
Daughter ions from a m/z of 50 to 200 will be scanned.

Acquiring Spectra via Tune Page —
Starting the Acquisition

‘Click’ on ‘Origin’
to enter info on
the acquisition run
(e.g. Sample 1D.}

‘Click’” on ‘Start’ button to begin the acquisition.
DO NOT hit the ‘Enter’ key as this will just ‘close’
the dialog box and NOT start the acquisition.
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Example of MCA Spectrum Being Acquired
from the Tune Page

‘Click’ on the ‘hand’ button
to halt the data
acquisition.

When acquiring, number
of completed scans is
shown at the bottom of the
I tune page.

Example of MCA Spectrum Being Acquired from
the Tune Page

When an MCA spectrum is acquired, the spectrum will
be displayed on the tune page as it is being acquired.
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For Spectra Acquired by MCA

The acquired spectra are all summed together to form one
‘composite’ spectrum. There is no chromatogram. Test_001 is an
example of a MS scan acquired in the MCA mode.

Sample A Infused 10 pl/min

TEST, 001 Scan ES+
10 CTIC
Chromatogram from TEST_001 3.11011
% (empty chromatogram will be displayed)
O T T T T T T T T —T— 1 Time
0.00 0,20 0.40 0.60 0.80 1.00 1.20
Sample A Infused 10 pl./min Quattro Ultima VC389
TEST_001 1 {1.024) : Scan ES+
10 83.0 1.69e2
Spectrum from TEST_001
* 1240 450 01850
188.0 2793 3694 4475
i haralan L "~
. P T T e e Ty iz
50 100 150 200 250 300 350 400 450 500

For Centroid or Continuum Acquired Spectra

There is a chromatogram formed of the individually stored
spectra. Test_002 is an example of a daughter scan acquired
in the continuum mode.

Sample A Infused 10 pl/min Duaghter Scan

TEST_003 Daughters of 145E5+
0.92 TIC

100 ;
0.040:09 024029 440 048053 o.70 077 0.84 0.97 1.37e7

Chromatogram from TEST_002

| s L e T T T Tr T T T —— Time

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Sample A Infused 10 pL/min Duaghter Scan Quattro Ultima VG389
TEST_003 49 (0.917) Cm (1:54) Daughters of 145ES+
10 1039 1.03e6

Combined Spectra
nO
X of TEST_002

miz
50 &80 70 80 90 100 110 120 130 340 150 160 170 180 190 200
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APcl Tune Page Settings - Corona Pin Current

f APcI Corona \

Current Range
0.5-30 pA

Typically

5-10 A

A.Pcl Tune Page Séttings -
_Cone and RF Lens Voltages

Set Cone Voltage
to values similar
to those use in

T\ Electrospray

\/Set Extractor and
RF Lens to values
similar to those
use in
Electrospray
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APcl Tune Page Settings —
Source and Probe Temperatures

HPLC Liquid Flow=
0.200-2 mLi/min

(typically
~ 1 mL/min)

Source Block
Temperature
120 - 150

APcl Probe

Temperature
\ 400 - 600 /

APcl Tune Page Settings - Gas Flows

Cone Gas
~ 100

Desolvation Gas
100 - 250
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Tune Page Options

The system can be vented
(and later pumped down) T~

Info on the current acquisition N

Communications Status Can be\
Checked and EPCAS Rebooted

Toggle the diagnostics page,
on and off

"l-n...._-.

from the ‘Options’ menu, you
Gl select the ‘Diagnostics’ Tab

-
If the Diagnostics are turned on\

J/

Most of the readings are for use
by the service engineers, but
you can check your turbo pump.
Under normal operations it you

-

run in the 98-100% range.
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Communications Status Can be Checked
and EPCAS Rebooted

System Manager:

if the ‘Communications Status’ menu item is
selected this dialog box should appear. If
everything is okay, just click on ‘Exit’. If the mass
spectrometer needs to be rebooted, close the ‘Tune’
page and click on ‘Reboot’.

Instrument Thresholds — Noise Rejection

Instrument
Threshold can be
set along with other
instrument
parameters.
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Setting Instrument Threshold Parameters

Points per Dalton
Select either 16, 8 or 4 points to
be sampled per amu.

An identical acquisition using 16
peoinis/amu could be 4 times larger
than an acquisition using 4
points/amu.

The number of points/amu also
effects maximum acquisition speeds.

Setting Instrument Threshold Parameters

ument;Threshald Setti B

Itersiys 00 .
To keep little noise peaks
from being Centroided
(cuts down on the
number of extraneous
peaks in centroid
spectra), you can adjust
these parameters.

Minimum Centroid Height: The height below which peaks will
be ignored.

Minimum Points per Peak: The minimum number of points a
continuum peak must have to be centroided.
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Profile Baseline Level
Increasing the baseline level ha%
effect of lowering the baseline to see
more noise. Typically, values less than

5 are used. This value represents
multiples of standard deviation.

SIR Baseline Level
Same as Profile Baseline Levelh\
applied to summed SIR points. No
ahility to apply negative values.

lon Counting
This is the most significant thresholding

parameter as it is applied first.
Recommended values are given lon Counting Threshold is
below. applied to ALL acquisition

: ; des. If and lon Counting
Quattro Ultima 30 (in range of 20 - 30) mo z
Quattro micro 25 (in range of 20 - 30) | | Threshold is used, the Profile

Quattro LC 15 (in range of 10-20) | |2nd SIR Baseline Levels
Quattro 11 . 4-10 should be set to zero.

Baseline Thresholding : for Continuum Spectra

Lifts baseline off of zero. The larger the value entered for
“Profile Data : Baseline Level”, the higher the baseline will be.

+BASES.BASET,BASE

100+ §13.9 K10 [
= o . Baseline = 0.0
_ 514.
0 I 1 1 ) 1 1 T T T ] 1 v 1 ¥ ) I I t 1 I 1 1
100+ 513.9 Wil . [
% Baseline = 1.0
614.9 .
[ e T T ISR AN Bt mt At T T T
100+ 613.8 w310 [l
. Baseline = 5.0
514.8 r—‘———HL...
0‘. T T i i T T T T T T T T T T T T T T T T T T T T T T 1 Dafe
604 G606 B0  B10 812 514 616 618 520 622 624 628 628 630
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lon Counting Thresholding — Suppress Noise
The larger the ICT value, the larger the ion signal must be before it
is recorded. Use the ICT to eliminate ‘little noise’ signals.
ICT = Ion Counting o150 "
. K L
%j Threshold ﬂ%a IcT=20 5202 6257 5778 37
C v D v T Ll [ l T 1 1 ) i i 1 - T A'\ € ‘S_\-_--‘
100 513.8 K24 ]
B ”f‘ﬂ /\_e;is Cr=1 62405506257 gor7
§13.9 w24 W
i /\A ICT = 4
614.9
e 4 1 F T T t i 3 T T L 1 t T ' i
. 8138
I ICT =6
] §14.9
04 I U T ) I T T 1 1 T H k] 3 4 T 1 1 1 T 1 ] i 1
g 613.9
o ﬂ ICT = 25
0 1 Iy T ) B v ¥ v T - T T T T T 7 " T T T T T 1y T T T  Dafe
806 608 §10 852 514 615 618 520 622. oM 626 631_3 630

Warning for MaxEnt Users

Note : The MaxEnt algorithm needs to accurately
measure noise within a data file. For this reason the
Ton Counting Threshold should be set to zero when
acquiring data which will be analysed using MaxEnt.
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Setting Instrument Threshold Parameters

Inistrument Threshold Setting:

‘Spike Rernoval on continuum spectra. For a data point not to be
considered a 'Noise Spike’, the data points taken around it must exceed
the Spike Percentage Ratio. For example: if *Spike % Ratio=10"and a
data point of 100,000 is measured, then the point before it and after it
must be at least 10,000 or it is considered a spike and is not recorded.
To determine the *Min Spike Intens’, use values from the tune page.

The sampling rate for analog data (e.g. UV detector) can be set here,

Cone Ramp and Collision Energy Ramp

Sometimes when spectra are taken over a wide m/z range, it turns out
that the Cone (and/or Collisicn) settings that yield a strong ion signal at
the low end of the m/z range are different than the settings that yield a
strong ion signal at the high end of the m/z range. A Cone or Collision
Energy ramp may help obtain better sensitivity in these situations.
o Mic nx\lrainin =] B3 |

Use to Toggle
Ramps ‘On’ or ‘Off
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Cone Ramp and Collision Energy Ramp Settings

| Collision Ramp

Examples of dialog boxes that can be used to set up a Cone
Voltage ramp and Collision Energy ramp.

For example; The Cone Voltage ramp shown can be used to
take spectra from 1000 to 2000 amu with the Cone Veoltage
starting at 50 V when the quadrupole is set to pass m/z=1000.
As the quadrupole scans towards higher m/z, the Cone Voltage
increases till at m/z=2000, the Cone Voltage is now 100 V.

Quattro MUX

The position of the
MUX system can be
set from the tune page
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Waters

Liquid Chromatography Setup
- for Use in LC/MS

@ MICROMASS

M5 TECHNGLOGILS

LC-MS
: Split
_____ Analytical (Optional)

Column

|

[

I.C Pump and
Injection System

Waste,
DAD or
Fraction
Coliector
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Factors to Consider in
LC/MS Method Development

¢ lonization mode.
¢ Column.
«Diameter and Flow Rate

*Plumbing

¢ Mobile phase. Can effect both the
chromatography and ionization process.

LC-flow into the MS

¢ APCI: 0.2 -2 mL/min -
No need to split the LC-flow.

¢ ESI : 1 - 300 pL/min routinely -
Up to 1 mL/min possible. Flow is usually split
at the higher LC flow rates so that
approximately 250 ul/min is sent to the mass
spectrometer.
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LC Flow Rate

The internal diameter of the analytical
column used depends on the LC flow rate.

Flow Rate Column 0.D.

0.5 - 2 mL/min 3.9-4.6 mm L.D.

0.1 - 0.3 mL/min 2-21 mml.D.
40 - 50 pyL/min 1 mm L.D.
<10 pyl/min Capillary column

Column Selection

¢ A Wide Range of Columns are Available from a
Variety of Vendors. Factors {o consider are:

Separation of Analytes from other Analytes
and Interferring Matrix Components

Resolution of Peaks

¢ For ES|, if possible use a column that does not
require flow splitting.

Quattro micro Training Course 104



Mobile Phase Considerations

¢ pH
¢ Solvents and additives

¢ Composition may be a compromise between
what gives the best ionization and what gives
the best LC separation.

pH Considerations

Positive ion mode -

Analysis of basic compounds
Lower pH with an acid
e.g., Formic or acetic acid

Negative ion mode -

Analysis of acidic compounds
Raise pH with a base
e.g., Ammonium hydroxide/Ammonia solution.
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Commonly Used Solvents and Additives

Solvents Additives
Water Acetic Acid
Acetonitrile Formic Acid
Methanol Ammonium Hydroxide
Isopropanol Ammonium Acetate*

Ammonium Formate*

(* = Can be used as a buffer.
Salt concentrations should
be kept to 10 mM or iess.)

Other Solvents and Additives

IPA, ethanol, 2-methoxyethanol, etc.
Trifluoroacetic acid (TFA) - Proteins and Peptides
Triethylamine (TEA) - Can enhance -ve ion mode,
Tetrahydrofuran {(THF)

Normal phase chromatography

Column Cleanup Solvents (MeCi2, Acetone)
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Solvents & Additives to be Used with Discretion

¢ TFA - Used with Proteins and Peptides

— Will suppress (to some extent) positive ion electrospray at
concentration over 0.1%.

— Will greatly suppress negative ion electrospray.

¢ TEA

— May enhance negative ion electrospray of less basic
compounds.

—~ Readily ionized to give an intense (M + H)* ion at m/z 102.

-~ Will suppress positive ion electrospray of less basic
compounds.

¢ THF
— 100% THF is highly flammable.

— Should not be used with APCI if air is being used as the
nebulizer gas.

Effect of Formic Acid and TFA

100+ 23008
Ketoester Example—
No Additives
Only Water Positive Ion Electrospray
and Acn
Extracted Ion Chromatogram for
o 2o m/z = 365 from MS Full Scan data

Mobile Phase = 30/70 Water/Acn

Since Positive Ion ES,
lowering the pH might help -~->

Ot e Time
800 700 800 900
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Effect of Formic Acid and TFA

1009

Ot

365

2.30e5

No Additives

Only Water
and Acn

7.56

Time

e R ABGAd s
6§00, 700 800 €00

TS5 Jeist
00 2.1908
0.03%
Formic
Acid
%_
5] Tirne
600 700 800 9.00

Addition of
formic acid to the
mobile phase
decreased the pH

of the mobile phase

and increased the
M+H signal in
positive ion ES.

However Addition of TFA, which Results in Mobile
Phase with a Lower pH, does not Yield a Stronger

100+

No Additives
Only Water
and Acn

%] 7.56

Qe T
$00 700 800 800

365
2.30e6|

=]

M+H Signal

7od SB35
100 21965
0.03%
Formic

Acid

%,

8 Time
600 700 800 9.00

1001

0.03%
TFA

367
2.30e6;

c T T ¥
8.00 10.00

Tine
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Unsuitable Solvents and Buffers

Non-volatile salts {(phosphates, borates, citrates, etc.)
Surface active agents/detergents (suppresses ionization) -

Inorganic acids (sulfuric acid, phosphoric acid, etc.)

Solvents to Avoid with PEEK Tubing

Attacks PEEK Swells PEEK

Conc. HNO, DMSO
Conc. H,SO, THF
CH,CI,
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Splitting the LC Flow

UV Detector

T oo

=1 =] Column

LC Solvent
delivery system

Building a Splitter

PEEK Tubing  Z£ero Dead

Volume T-piece
c>\ f Electrospray

Column

Analyti

To Decrease flow to MS, either: PEEK Tubing

Decrease length of waste tube.

Increase diameter of waste
tube.

Waste, DAD or
| Fraction Collector
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Post-Column Splitting?

Concentration dependence of ESI] allows post-column
splitting without reduction in signal intensity.

0.1 mL/min
—~1$0 D i o i 7 Emgp
mbL/min
0.9 mU/min

The major reasons for choosing a split are:
+ Reduces source cleaning requirements
» Optimizes flow rate conditions

» Saves valuable samples

Column Diameter and Signal

¢ Loading 20 ulL. onto a 2 mm 1.D. column will
give 4x the the analyte concentration in the
eluent, than loading 20 uL onto a 4 mm L.D.
column.

¢ As ESI is concentration dependent there will
be an increased response for the 2 mm
column over the 4 mm column.
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Effect of Infusion Flow Rate on Electrospray Signal

PL-Plant-14 - Pl Precursors - Arabidopsis Ext
PLP_14 5 18 (1.531) Sm (SG, 2x0.80); Cm (1:36)
9.6

Parents of

i

1

1

g %] 760.6 Infused at 30 pL/min ;
4 - i

] 761.6 !

G- 1
PLP /

T T T T T T 1 1 T T T T [ T 1 T T T T T T
' 14_8x 21 (1.786) Sm (SG, 2x0.60); Cm (1:36)
oy 759.6

L T

Parents of+G8ES-—

Infused at 10 pL/min

% 760.6

761.6

T T T T T T 1 3 T T T 1 T T T T H T T T i T T 3 T ml’Z

750 752 754 756 758 760 762 764 766 768 770 772 774
Plant Extract Sample from Dr. Ruth Welti, Kansas State University,
Manhattan, KS. Parent Scan for Phospholipids.

Effect of LC Flow Rate on Electrospray Signal
(MRM Analysis of Two Components)

LC Flow Rate = 0.6 mL/min LC Flow Rate = 0.6 mL/min
Split 1:2 (0.3 mL/min to MS) No Split (0.6 mL/min to MS)

572 F1 FlowSplitTest_NoSplit 2 F1
72397, : 5.72 397, :
1001 | 4.73&3] 100 i 5.10e3

o N -
™~ -7

FlowSplitTest_Split

| —

O
FlowSplitTest_Split
4.92

s N D i WU
FlowSplitTest_NoSplit

F1
335, : 2.91 335, .
100 l 1.86:-34] 100, I 1.6804

S
B %

| S—

Ry S S A
e
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lon Suppression

+ Caused by Interfering Components in the LC Flow
that elute at the same time as the analyte of interest.
These Interfering Components can

— Interfere with lonization Process
— Be Preferentially lonized.

¢ These Interfering Components are often present in
matrix samples and can cause problems in analyses
of biological and environmental samples.
Matrix standards are used sometimes to account for
ion suppression.

¢ Changes in LC Methods and Sample Preparation are
often used to minimize ion suppression problems.

- LC Mobile Phase Gradients

¢ Mobile Phase Gradients can be used fo
separate analytes from interfering matrix
components that might cause ion
suppression.

¢ The LC is setup with both organic and
agueous mobile phases.

4 The percentage of organic solvent in the
mobile phase is varied.
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LC Mobile Phase Gradients
Typically, at gradient has 3 parts.
1) Start of a run: Mobile phase -has a low organic

content (high agqueous). The analytes are retained on
the column and salts flow through the column.

2) Middle of run: Mobile phase composition is ramped
from low organic (high agueous) to high organic content
(low aqueous) during which the analytes elute off of the
column and go the MS where they are analyzed.

3) End of the run: Mobile phase has a high organic
content. This washes any hydrophobic matrix
components still on the column off of the column.

LC Mobile Phase Gradients
Analytes stick to column, salts pass
through column and are washed away
100 % /
Anzlytes
Elute Off
Percent of the —
Organic Column Hydrophobic
in Matrix
Mobile Cpmponents Column
Phase still on the Equilibrates
column are for next run
— washed off of -—
the column
0%
Time
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LC Mobile Phase Gradients

If the analytes of interest elute off the column by time ',
then the organic content of the mobile phase can be
‘stepped’ to a high level at time 'f’ to save time.

100 %

Percent
Organic
in
Mobile
Phase

0%

t Time

Divert VéIVe Exampﬁe

Waste I Analytical Waste Analytical
Column

LC-AS = LC Autosampler

MS

MS

‘Load’ Position ‘Inject’ Position

Note: 2=Waste
3=Column
4=MS
will also work

In your MS Method set the solvent delay
for the time periods you want the valve to
be in the ‘Load’ position.
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LC/MS : Sample Prep Considerations

¢ There may be cases in which samples must be
‘cleaned’ up before analysis.

¢ Interfering components in the sample might be
‘plugging’ the column or may elute at same time
as the analytes and through ion suppression are
reducing sensitivity.

4 Liquid-Liquid extraction, SPE, or other sample
prep methods may be needed.

¢ Derivitization may be needed.
o Filters and Guard Columns may help.

Online ‘SPE’ Cleanup of Sample

Trapping «— Trapping

A-Column

A-Column

MS Waste MS Waste

‘Inject’ Position

‘Load’ Position

LC-AS = LC Autosampler
A-Column = Analytical Column

In your MS Method set the solvent delay for the time you want the valve to be in
the ‘Load’ position. Sample is usually loaded onto the Trapping Column using a
high aqueous MP and eluted off using a MP with a higher organic composition.
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LC/MS : More on Samples & Injections

<+ The solubility of the analytes in the samples can effect the
choice of the composition of the liquid in which the samples
are made up in.

The composition of the liquid should be chosen with the
chromatography in mind.

Example: For reverse phase chromatography, it might
help if the sample liquid has a low organic content,
otherwise the sample may not be retained on the column.

4 Injection volumes need to be matched to the flow rate and
column. With large injection volumes and a small column,
the sample injection may not evenly mix with the mobile
phase when i hits the column.

Effect of Sample Solution on Chromatography

Purge_Soln_5_Acidic MR of 1 Channel S+

10
Purge === 0.1% Formic Acid ro7es

Solution ™ *3 \
Used Purgs, Som 4 Nearal T ' MRM of 5 Channels ES+
100~ H
.| Water/MeOH asiod PN’CT(
Acidic  *] (No Addatwes) ea
Shape,

Purgs, Som_ 3 Weakbase R T TMIRM of 1 Chanrel ES+ but
1007 24303
Varying 1 0-01% Conc NH4OH & Carryover

pH "1 2 mM Ammonium Acetate Was
Purgs, Som 2 gase "TMRM of 1 Channel ESe Really

ﬂ 1607 20104 Bad

. . 0.1% Conc NH40H &
Basic %1 2mMamm Acetate

Purme, S Sronatas "TTTHARM of 1 Channel Est

100
i 0.2% Conc NH4CH & . 22303

%1 2 mM Amm Acetate
AiNaaid Mo , Time

T T T T

s T T T 1 4 1 T T T T T T T T
320 3.40 360 380 400 420 440 460 4.80 5.00

Quattro micro Training Course 17




	QM training slides a
	QM training slides b
	QM training slides c
	QM training slides d

