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Introduction and History
LC/MS(/MS)
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THE SCIENCE OF WHAT'S POSSIBLE."

What is a mass spectrometer (MS)?

An instrument that measures masses of particles
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Forensic Labs

— City, County, State, FBI
Hospitals

— Neonatal Testing

— Anti-Rejection Therapy
Universities

Government Agencies

— EPA, FDA, USDA, USGS

— CDC

— ATF, TSA

— State Labs, e.g., Agriculture
— US Army, NASA

Private Industry
— Contract Labs

Who Uses It?



THE SCIENCE OF WHAT'S POSSIBLE."

What specifically does an MS measure and
display?

A particle’s mass to charge ratio (m/z)

e The m in m/z is the molecular or atomic mass.

 The z represents the charge(s) carried by the ion.

A molecule of mass 1000 carrying 2 charges will be
observed at 1000/2 or 500 m/z or m/z 500.
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What unit is used for mass here?

(historically)

Atomic Weight is a relative scale without explicit units.

»1803 John Dalton tH = 1.00

»1906 Wilhelm Ostwald H =1/16 O

»1929 Oxygen Isotope is discovered 150 became amu
where amu is atomic mass unit

»1961 12C was the relative u “unified atomic mass unit”

»1993 IUPAC tentative approval of the dalton (da)

»2005 IUPAC endorses the dalton

»2006 International System of Units (Sl) called dalton a
non-SIl unit.

»2009 ISO didn’t help

»2010 Oxford University Press style guide — Dalton, Da or kDa



Waters

THE SCIENCE OF WHAT'S POSSIBLE."

What must happen for m/z to be measured?

» Sample must be loaded into an MS somehow.

» There Is some type of vaporization step.

» The components of the sample must then be ionized.
» The ions must be separated by their m/z ratio.

» The ions then must be detected, often quantitatively.

» The ion signal must be processed into mass spectra.



-.ﬁl:.{
a

R R .
= =|I-iaii: X

“e the basl_c;__com @ne‘nts ot-a

Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Data System

Detector

h 4 ) 4
LC, GC etc. Mass Spectrometer



Sample Introduction and lonization
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In 1969, LC eluate at 1 uL/min was put into a jet separator.

Jet Separator
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ElectroSpray lonization

ESI
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= |t was the interface of ESI to MS that
allowed widespread use in clinical
laboratories

= John Fenn and Koichi Tanaka
— Nobel Prize in Chemistry 2002

— "for the development of methods for
identification and structure analyses of
biological macromolecules*

— "for their development of soft desorption
ionization methods for mass
spectrometric analyses of biological
macromolecules™
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Cone Voltage

a .' f Charge& DrOPIétS:—-{--

i B

Electrons
+ L
<I> Electrons
High voltage
power Supply © Andreas Dahlin 2008
www.adorgraphics.com

After formation the ions are drawn through an electric field or potential
gradient through a drying gas to the counter plate.
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Positive Electrospray lons

Lidocaine |‘|| |

N\"/\N/\CH3 N\n/\ /\CH

+ H+ + 3

I O S
CH3

Negative Electrospray lons

CH3 CH3
Ibuprofen
O O + H+
CHy ) M
OH 0 —
H,C H,C
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Isolation VValve

e Tool Free
e |solates vacuum for
easy removal of
Sample Cone

Cone Gas
e Reduces influx of

non-ionic species
= Keeps components

cleaner for longer

————

kN
-'-,- Sample Cone

. = Tool Free removal

e easy to clean when
| necessary
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Electrospray process:

— lonization of analyte in solution

— Droplet fission and desolvation

— Production of gaseous ions
“Soft lonization”

— Little fragmentation produced by the ESI process
Adducting and multiply charging is common
Sensitivity is compound and matrix dependant
Types of analyte amenable to ESI

— Must be able to ionize in solution

— Wide range of masses (<100Da - >30,000Da)

— Small molecules tend to produce singly charged ions

— Larger molecules tend to produce multiply charged ions



APCI — Atmospheric Pressure
Chemical lonization
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In 2000, Atmospheric Pressure Chemical lonization (APCI, APCI)

| From Nebulizer

To MS

High Voltage
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Corona Discharge
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= APCI process:
— Flash vaporization of solvent and analyte
— Gas phase chemical ionization

= More harsh ionization than ESI

— Fragmentation is more likely than with ESI due to high temperatures
and corona discharge involved

= Adducting is common, but multiply charging of compounds is rare
= Sensitivity iIs compound and matrix dependant
= Types of analyte amenable to APCI

— Must be volatile to some degree
— Smaller range of masses than ESI(<1000Da)

= Additives used have less effect on the ionization than in ESI
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ESI APCI
— Polar compounds — Non-polar compounds
— Multiple-charging occurs — Mostly single charging
— Proteins/peptides/nucleic — Non-polar small molecules
acids
— Molecular We|ght — Molecular Welght
determination determination
— Appropriate for both volatile — Accommodates LC flow rates
and non-volatile solutes up to 2.0 mL/min

— Good sensitivity
— Especially Na* K* and NH,*
adducts are common

— Good sensitivity

— Solvent adducts common



APPI1 — Atmospheric Pressure
Photo lonization
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Direct APPI

— M+ hy > M+ + e-
Analyte molecule is ionized to a molecular radical ion if ionization potential is
below the energy of the photon

— M* + Solvent > MH* + [Solvent-H]-
In the presence of protic solvents, M* may abstract a hydrogen atom to form
MH*

Dopant APPI

—D + hv 2> D* + e-
A photoionizable dopant is delivered in large concentration to yield many D*
ions.

—D*+ M 2> MH* + [D-H]-
D*+ M > M* + D
Dopant ions ionize the analyte by either proton or electron transfer
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100 Progesterone

ESI i Can be very useful for:

C—CH,
C‘-H:_!'
% . CH*J-._"' _J _
| H I H  PolyNuclear Aromatics
o T 1 « Steroids
100 [V H* ] ) ) ]
31517 * Bio-oils/Biodiesel

APPI

o  Plasticizers
 Polymers
R e ey e
kan mass

APPI is complementary to ESI| and
APCI by detecting compounds
missed by these sources
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lonSaber Vaporizer

Enabled

Gas Cone APPI lamp
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= APPI process:

— Flash vaporization of solvent and analyte

— Gas phase photoionization (or Pl induced CI...)
= Soft ionization technique

— Fragmentation less common than APPI due to lack of a corona
discharge area

= Mainly singly charged parent ions produced
= Sensitivity iIs compound and matrix dependant
= Dopants often used to enhance sensitivity
= Types of analyte amenable to APPI
— Must be volatile to some degree

— Smaller range of masses than ESI(<1000Da)

— Can ionize some very non-polar compounds not amenable to either
ESI or APCI
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= _ow vacuum

» Change oil 6 — 12 months

* Vent off-gasses
» Rebuildable

» Somewhat Noisy
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= . Ow vacuum

" Large footprint

* Oil-less

» Seal Change annually

» Seal Change requires
care

= Quiet

» 2-3X Price of Rotary
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= High Vacuum

= Oil-less

= Air cooled

* Quiet - usually

» Fairly Expensive

» Potential MS Damages

when they rail
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Quadrupoles Time-of-Flight (TOF)

— Common identification of — Unknown identifications by

unknowns, especially by GC empirical formulas

electron impact library — High resolution
— Quantitation o Exact or Accurate Mass
— Single and Tandem (triple) — No limit on mass range
— High sensitivity — High resolution fragments

o Nominal Mass (only first (after CID)
decimal place significant — Incorporate quadrupoles for

— Limited on mass range precursor selections
— High selectivity — Simultaneous Quantitation

with Qualitative now possible
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Introduced in 1897 by J. J. Thompson

on brajectory
In regisker
b

i tr'f‘fljlil'.it'i."'r'_-' A
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In 1989, Wolfgang Paul received the Nobel Prize.

= Jon traps are ion trapping —
devices that make use of a 3-D 108 ST
quadrupole field to trap and iusied o
mass-analyze ions TAid-cap sleckode
; gy
| I I ;
Nominal mass resolution SRV : +V_cos(w 44
g
- . . r
= 1/3 rule limitation Resonance
: )k AC voltage
= Challenging gquantitation i
Aperture { | e LR
s = g
m  Space charge effects
RF voltage
W cos( LU+ i)

Detector



Detectors
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> Electron Multiplier — EM
» Cascading Dynode
» Continuous Dynode
» Photomultiplier — PM or PMD

» Microchannel Plate - MCP
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Cascading Dynode EM

Detector Entrance

e Detector Exit
[!l.':l.'i-Ttl'l.'E %]y

/

Conversion Dynode 12 — 20 Dynodes
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CONTINUOUS DYNODE EM

+ HVY CONVERSION DYNODE
NEGATIVE IONS

ELECTAON MULTIPLIER
WITH CONTINUOUS

L ¥ v,  DTHODE
AY ¢
o

o N

c
4

QUADRUPOLE
- HV CONVERSION DYNCODE

] POSITIVE IONS
=
AMPLIFIED CURRENT
TOWARD ELECTROMETER

Constant Autogain
12 — 18 months lifetime
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10 Year Warranty

+9KV

+9K

-4.5KV

+8KV

Negative ions r’

)

+8KV

PHOSPHOR

-4.5K
FOCUS

RING

CONVERSION
DYNODE
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; SmIeuad Mb‘de‘s of Acmc“:iuisition

Single Ion Recording
Full Scan Single Ion Monitoring
(MS mode) (SIR or SIM Mode)

»
L

[
»
»
»

Scanning Static

LOQ ~ 500 pg (quantity injected)* LOQ ~ 5 pg (quantity injected)*

*Very compound dependent”
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Q1 T-wave Collision Cell Q3
Static — Single lon Gas on Scanning

g ) C—

=
—’. —"
— —_—

— Selected ions are transmitted through Q1

— Fragmented in the collision cell
— Q3 is then scanned over a defined mass range

= A mass spectrum of the product ions generated by fragmentation is
acquired at each time point throughout the acquisition.

" The most common MRM experiment
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100 100

[Low] i [High]
Selected lon |
Recording (SIR)

Selected lon
Monitoring (SIM)

® 0 m 0p

1S A R 0=
100 100+
Multiple Reaction f
Monitoring (MRM) % %1
Ot A Y A ~ Time 0O- \ ! Time
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| MRM

1004

327

300 4

500 700 800  9.00

Full Scan, Total lon Current (TIC)

5.50

400 500 600  7.00

. . . 1 [ime
6.00 7.00 8.00 9.00
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ES+
142 m/z
142
/’143
(]I T T T 1T Z
150 160
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080 METHAMIDOPHOS 41 (0.752) Daughters of 142ES+
04 6.37e5
100
eeereeeneenemesesmseeeemseseseseseaeeeeeaseee s seee st e eee e sere s ee e et mesene s eeeeseeeeere e S Quantitation
125
eeeereeeseeeeseeeeseeeeseeeeseeeen , Confirmation 1
%,
112 . .
eeeeeeeeeeeeeeseeenen] R > Confirmation 2
142
143
OLm/Z
80 90 100 110 120 130 140 150 160

Daughter or Product Masses
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Q1 T-wave Collision Cell Q3
Static — Single lon Gas on Scanning

- ) c—

=
—’. —"
— —_—

— Selected ions are transmitted through Q1

— Fragmented in the collision cell
— Q3 is then scanned over a defined mass range

= A mass spectrum of the product ions generated by fragmentation is
acquired at each time point throughout the acquisition.

= This is the most common MRM experiment
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T-wave Collision Cell Q3
Gas on Static — Single Fragment lon

— Q1 is scanned over a specified mass range and

— All ions are sequentially passed through to the collision cell where they
are fragmented

— Q3 is set to transmit only the mass of a specific fragment ion and does
not scan

= No mass spectra are generated by this MRM experiment
= Monitoring a chemical series e.g., barbituates, sulfonamides
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T-wave Collision Cell Q3
Scanning with mass offset

— Q1 is scanned over a specified mass range and
— All ions are fragmented in the collision

— Q3 is scanned in sync with Q1 over the same mass range minus an
offset

= A response is only seen if a precursor ion loses a neutral fragment in the
collision cell of the same mass to charge ratio as the offset between Q1
and Q3, e.g., 35 m/z (chlorine)
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Chromatography is to separate out mixtures by retention time.

Mass spectrometry is to separate out mixtures by mass.

Good analytical chemistry is to use both.
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Remember —

Just because a mixture of chemicals have the same
elution chromatographically, doesn’t mean that they
cannot be totally separated by mass.
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>500 pesticide residues

o | | One MRM/compound
One 10 minute run
|
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Atmospheric Pressure Solids Analysis Probe

ASAP

Waters

THE SCIENCE OF WHAT'S POSSIBLE."



THE SCIENCE OF WHAT'S POSSIBLE."

Outer
Assembly

Inner
Probe

Inner Probe Inserted

Glass Capillary Tube :
into Outer Assembly
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= A solids analysis probe for atmospheric pressure ionization (API)
sources

— Fast

— No sample preparation

— No chromatographic separation

— Simple Construction

— Low cost analysis
= Suitable for volatile and semi-volatile solid and liquid samples
= Data from non-polar samples normally not seen using API
= Good alternative to GC solids probe (no vacuum lock)

= Enclosed source (safety)
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ASAP probe

~

Heated gas

" 1YY/

L¢*_

Corona discharge

MS inlet Sample loaded onto

Licensed from M&M Mass Spec Consulting melting point capillary
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Corona Pin
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= Forensics
— Analysis of unknown tablets / counterfeits
— Analysis of inks
= Pharmaceuticals
— Molecular weight confirmation in drug discovery
— Formulated products
— Metabolites in urine
= Fine Chemicals
— Impurity profiling
= Food Safety
— Adulteration of food
= Environmental
— Polynuclear aromatic hydrocarbon contaminants
= Petrochemical
— Analysis of complex samples including polymers and polymer additives (in conjunction with
Synapt G2-S HDMS)

"= Synthesis

® Raw Material Assays
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Corona discharge
needle

M.+

= “Dry” source conditions
= Favoured by relatively non-polar compounds
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Proton Transfer

Corona discharge iH 20 M H +

needle N2+°

H.O

= Modified source conditions for example with water or methanol present
=  Favoured by relatively polar compounds
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1: TOF MS AP+
314.2247 1.7/5e4

100
Caleulated cor radical cati Charge transfer
alculated mass 10r radical cation
M* = 314.2241 dry source
315.2311
OQ,
272.2143 316.2354
169.0892 ‘ | (
o+ HH“H“1““‘\“‘“““H"“_H‘ ““”\““”‘M\““‘“”“\'”‘“‘w"“““““wm/Z
50 100 150 200 250 300 350
progesterone
1: TOF MS AP+
100~ 315.2334 7.61e4
Proton transfer
Calculated mass for protonated molecule solvent in source
[M+H]* = 315.2324
e
316.2373
0 ‘H‘\‘H‘\"H\"H\"‘w""\H"\‘H‘\“H“\“H\“\L‘\““\m/z
50 75 100 125 150 175 200 225 250 275 300 325 350
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Urine sample from patient after dosing with paracetamol (1000mg) and dihydrocodeine (30mg)

paracetamol
100, dihydrocodeine
OmDa, Oppm o
100 302.1756
{ demethylation
-| dihydromorphine
creatinine &7 0.9mDa, 3.1ppm
dimer |
° 288.1609
> 227.1236 303.1795
creatinine ] 208.0987
1140654 O"n‘“‘\‘\“J}“\‘“‘x“‘l"H“‘L““A‘l“‘\“mlz
280 285, 2900 295 300 305 310
157.0710
110.0609 228.1272 302.1756
0 R ‘! Ll ‘H\‘M‘l. ﬂ‘\ Ll . \’A. Ll.ul J“H“\“J‘\ “..Jm " }J‘ ‘l“ ‘I‘M - ‘\ il e “\‘ . ‘J“ : “\‘ R m/Z
50 100 150 200 250 300 350 400 450 500

Sample capillary loaded with 1L neat urine
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Red ball point ink

100- ¥ 4432328 100- 443.2338
On paper ] Spotted on
O* 8 354.3000 Capi"ary
X X
444.2367
| 354.3011 1 444.2372
| 219.0484 a45.2441 | 446.2520
O J.\‘HK.KLJJL\\ R 0 e H‘H“uh T
N Red marker
100+ ' 443.2335
7 o 1001 Spotted on
N paper capillary
| 443.2328 |
N8 170.0963 NE
1 145,195 391.2846 7 44,2365
1 279.1595 444.2368 1 Rhodamine 6G
?82-2213 | CygH3N,0;5 = 443.2335 445.2410
OHH‘\‘\u‘\h‘u“\l‘\‘MJ \.\‘\wh‘\‘\‘\‘1\“\‘\“\"\‘“\‘H‘.“\”\H‘HH‘HH‘HH‘HH‘HH“m/ZOHH‘H‘“‘H"HH‘HH“‘\"‘HH‘_H“H‘“HH‘HH‘HH‘HH‘m/Z
100 200 300 400 500 600 700 100 200 300 400 500 600 700

Glass capillary rubbed across dry ink on surface of
paper before introducing into source
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100+ _ 278.1085 4.17e4
indeno pyrene __,

secs

50 SO

dibenzanthracene

x| benzopyrene
252.0939 279.1150
chrysene
C‘O 228.0940
| pyrene
anthracene 202.0782 253.0996
229.0993
| 1r8.0777 203.0843 280.1204
O‘l“i“llllx“l“lll bt LH ““A‘M‘AH‘L‘H bttt “‘U e gl L‘.‘ " -m/z

180 190 200 210 220 230 240 250 260 270 280 290
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Extra virgin olive oil

1: TOF MS AP+
100+ 283.2632 3.37e5
Oleic acid
| Squalene
| 411.3994
<! Palmitic
acid
257.2479
] 84,2662 412.4031
1 85,2764 Diglycerides
| 247.2425 413.4051
\ | ‘ | | 603.5335
g IR ‘\“\“‘\\‘\‘\l‘u“u\‘\ ‘\“‘\\J\\“JU\‘\ Ll ‘h‘\\\““‘\\\“ “\‘HH‘H‘“H\H‘\\HH‘HH‘HH e M/Z
100 200 300 400 500 600 700 800 900 1000
Rapeseed oil
1: TOF MS AP+
100+ 397.3815 8.84e4
383.3660
Oleic acid
283.2633
2
Linolenic 417.3710
acid \ 381.3509
Diglycerides
279.1589 4183739 gly
[ R — e ‘{‘\H“‘m‘ ‘ \‘H\‘HLH‘\\‘M“\“““ ‘U“‘\L‘ ‘\\1\‘\\“‘\1‘ | ‘H‘ LUWL\.‘L‘H‘ o - iﬁ‘\“w T T B m/z
100 200 300 400 500 600 700 800 900 1000
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Extra virgin olive oil

1 00- 603.54
Diglycerides
=l 604.54
377,52 Triglyceride Triolein
505.55
] 575.50| ||606.55 S
I:Illllllf' "'u-'l""I""I""I""I.u'.'-i'l""l""l
Rapeseed oil
1 00- 603.54
] 601.52
S Glyceryl Dilinoleoyl Oleoyl
] 281,77
I:I'I"'I"'Iil""l""l "'|""|""|""|""'|""|""|me
00 400 J00 500 Q00 1000
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1: TOF MS AP+

100 311.2939. 1.33e3

301.2892 /O

HO |
Oleacanthal [M+H]* C,;H,,05
Calculated mass 305.1389

305.1389 311.1646
309.3511

%

305.2465

302.2917  303.1227

303.2923

ll L m/z

O wm‘m”m\\u“ \\‘mhm\“\HmuhmiH\H\‘\‘\\ummmwnhmm MR AT \\u“m‘mm\ TRSSTSTNVIE L ST, T A SN iy
304 305 306 307 308 309 310 311

301 302 303
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CHj
O\N/ CF;
H3CO\N/ OCH,
o]

Trifloxystrobin

CHg
)
H3CO\N P OCH;,4

© Kresoxim-Methyl

o N
=\ cl
N

Pyraclostrobin

EU MRLs = 0.02 -

POET STrobIuring
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0 N CF,
= ‘
HsCO =~ OCH; X\

© Picoxystrobin

N|/\N
PN

The Food and Environment
Research Agency

HCO -~ OCH,4 CN
o]
Azoxystrobin
CHy
o)
HCo  _~ NH
N CH,
0 CHs
Dimoxystrobin

0.3mg/kg In wheat
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ASAP | | 1: TOF MS AP+
. 465.4827
100- . oM 1.59e5
H.C. 1: TOF MS AP+
y . 100- 404.125 0.05Da
rN\ ] 6.38e3
E,lej’ﬂ 481.4602 |
= Cﬁ;
C22H17N305 |
E’ 463.4499 T o0 200
© : TOF MS AP+
| 506.4915 L TORMS AT
K> ] 1.19e5
-1.0mDa, -2.5ppm ]
404.1236 c07.4978 5
181.F378 [J oo Time
DI""I" ...'.|..l IIIII .IIII..II.LI.iILILLI.LIlI. 1...‘. P II"I'L"!'I""'I""Im/Z

100 200 300 400 500 600 /00 800
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Compound name: Verapamil

Correlation coefficient: r =0.992187, r"2 = 0.984435
Calibration curve: 0.570819 * x + -10.6168

Response type: External Std, Area

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

1: TOF MS AP+
455.291 0.05Da

100, 127

Response

10pg standard

%

T T : — Time
0.50 1.00 1.50

L B L B S B I LA S B IR L UL I IULILLE I USRS ey s mnas B0 UL

0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
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301.0740

100+
1 Temazepam 10mg C16H14CINO,
8 -0.4mDa, -1.3ppm
o\°j 303.0714
Q- e e MYZ
50 100 150 200 250 300 350 400 450
100 369.2333
] C26H29N2
Stugeron 15mg 0.2mDa, 0.5ppm
<
] 370.2374
100- 315.1496 ]
CysH05N,05S ]
0.5mDa, 1.6ppm 1 |
O e MYZ
100 200 300 400 500
Zantac 75m
J 100- 296.0244 C14H;,CILNO,
< ] Diclofenac 75mg -0.1mbDa, -0.3ppm
1 298.0220
o] 278.0143
316.1534 <)
215.0508 334.0402
O \\\\‘\\\\ \\‘\\‘\\‘\\‘\!‘\\“\\‘\\ \\\\‘\\\\ \\\\‘\\\\ T 1T m/z 0 llJ lm/Z
100 200 300 400 500 50 100 150 200 250 300 350 400
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Sildenafil

synthetic phosphodiesterase
4 type-5 (PDE-5) inhibitors

5. used in the treatment of
y, erectile dysfunction
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R s h; C . ; BLE | 3
e e ﬁ.ﬁi/ arde.n'ahl/Tadalaftl " d THE SCIENCE OF WHAT'S POSSIBLE.
13 Tablet Samples with no sample extraction or
chromatographic separation 11
8 5 18a TOF MS AP+
100, 15.90:489 BPI
Sample profiles 257es
1) Genuine Brand Sildenafil
2) Internet Pharmacy “Brand” Sildenafil
3) Internet Pharmacy A “Brand” Sildenafil 3 g
4) Internet Pharmacy A “Brand” Vardenafil - 13
5) Internet Pharmacy A “Brand” Tadalafil w0 B g e 1884
6) “Generic” Sildenafil 1 s 266 35A’0
7) Genuine Brand Tadalafil H 5 810 475 “
8) Genuine Brand Vardenafil sa | " 12 |
9) “Generic” Sildenafil | o 6o |
10)“Generic” Tadalafil 1 | a5
11)“Generic” Vardenafil | \ f\ \
12)“Generic” Sildenafil o2 | .
13)“Generic” Tadalafil \ 243 | 7 (-
10 |
U‘ \ RTEY: \ \
U | \ IRrEA k
\ \ \ U ‘
0 U Ud \J U \“j D — Time
5,00 10,00 15.00

6 OfTablet Sa

sﬁ ng"ASAP .
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1 0(} 4752128 1 O(f 475.2126

1 Legitimate Brand ] Imitation Brand

| sildenafi | 3 Sildenafil
410.2482 410.2469
: C22H30N604S : C22H30N604S
: 0.0 mDa, 0.0 PPM 1 0.2 mDa, 0.4PPM
OHHHH‘HH\“H“‘\HHHHHH\HHHH 0““HH‘HH\“H‘w‘H‘\HH\HH\HH\HH\

%
%

1 W 390.1449 1 0& 4752125

Legitimate Brand ] Imitation Brand

i 7 Tadalafil : Tadalafil
= 410.2457
: C22H20N30,4 ] 4 C2oH3oN60,4S
: 0.5 mDa, -1.3 PPM f 0.3 mDa, -0.6 PPM
O- b bpamppopbyig o b o A PO FUTUY S P

%

1 W 489.2289 1 O(x 4752128

Legitimate Brand ] Imitation Brand

.8 Vardenafil f Vardenafi
= "= 5 410.2467
1 C23H33N604S b C22HSONGC)4S

0.5 mDa, 1.0 PPM 0.0 mDa, 0.0 PPM

0HH\HHHH‘\“H“\‘HH\HHHH\HH‘me/Z Qg gl g s 1 miz

200 400 600 800 1000 200 400 600 800 1000

%

Genuine Medicine Counterfeit Medicine
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6 Water soluble

6 Fat soluble

10.00
100 Vitamin K1
E:_;q Fhylloguinone

500 10.00

6.41
Yitamin D3

Cholecalciferal

&
l:.l TTA[ T fer [T rer—r
5.00 10.00
G.16
a0 j'\n"itamin D2
Ergocalcifarol
62 LR __.-.'l"-'.. Ml .-.11'- Py
rH———r—rr—rr
5.00 10,00
6.02
100 . )
Vitamin E
= fi-Tocopheral
N N S
500 10.00
5.38
100 Vitamin K2
] FEnaguinone
0 T —
3.00 10,00
/2.‘32
R Vitamin A
£ Retinol

Time
5.00 10,00

477
1007 vitamin B2
@3 Riboflavin l
0 2

4.76
1003 vitamin B7
3?»- Biotin
)& F——
2.00 4.00
4 36

1003 vitamin B12
@ Cyanocobalarmin
1
2

4.13

1003 vitamin B3
2] hicotinamide
0
2

00 4.00

4.07
Vitamin B&

Pyndoxing

100+

00 400

;.15
Yitamin B1

o] | Thiamine

0 ——— T == Time

2.00 4.00
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101 x ,’_,-f

a4, & 1- 4 CPA
2- MOPA
& j 3- MOpP
o d- 24D
" ‘-EI 5- 2.4 D
G- 245 T
*- Tndapyr
B-245 TR
G- uclafop
Ca 10- Halaxyfop
11- Acfluorfen

[

B

MEM deromatagram af
LA L g]'"“ phenaxyacetic agds standards in
Ml water at 100 ppt.

200
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PE, Pl, PS, PG
A

5.09

FA

2.24

5'415.51

435 6.05

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
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1.67 2. MRM of 2 channels ES+ 2.40 Z. MRM of 2 channels ES+
iy - - - —y - - "y - - -
13716 3632 > 3273 (C I10403 315.3 = 109.1 (Progesterone)
1.33a7
AlEo AT
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1 14 il " " T 4 4 | - - - - Eey av ] an - aw | anm im am akr - am - = - - -
Z. MRM of 2 2.40
i L
363.2 ; 3603595
B
T T T ™7 T T Timg
18 | 18 (L] I8 5 W Ll ] A W Ly (L] ] A e L I A & i | i . L B Tl T il E b Pl M e 5 - [ |
thro e far il el fee PR R
paTe b coesficant 1= 0 SRS, ST = NI ANST . e s coefieent 1= 0 ARERLS, T = DF3NIED
vl brabian cor: BIEEH av TH 534 C | valbrabian cor: 1137167245 P
Vi B e Esluin gl Sl Aea DrtlSO Ve RE e EstRiea S Aiea ngeEterO ne
s e LInear Orig i Eacide Wesiphaepr |k Aa s rans Bone e e Linear Crig i Eacipde s praep Hall, Ass ksns Rions
E]
£l
A i
=] |
Fal ]
2=0.999 R2 = >0.999
o
R = . | = =),
¥2511
T2
ol ‘
AN
B 1mam H
: ' § i
= {5000 n
i ERRE
pol] | PN
1ooan 10nan
[T A0
e SN ’
, .
w500 : ] :
a0 o
1, e — - e ———— - — e S ———Y
o ino ar an 1o ELR ] oo 150 400 43 ki) oo 1o ma 1\ oo A0 = L0 | 4o 30 o




Waters

THE SCIENCE OF WHAT'S POSSIBLE."

Cortisol Progesterone

Sample code Area pg/pl Area pg/pL
4975 244 3429 5.4 36408 5.6
4975 245 3348 5.3 35529 55
4975 246 3332 5.3 35025 5.4
4975 247 3354 5.3 35474 55
4975 248 3290 5.2 35758 55
%RSD 1.5 %RSD 1.4

Table 3. Repeatability data for cortisol and progesterone at 5 pg/ul.

Cortisol I § Progesterone

Lowest calibration
standard (0.5 pg/uL)

standard (0.5 pg/uL) 1 | ‘
|||ilil |||i h| ‘ | ” Grwisnrrnnnsd ||II|II.|..

Cortisol and progesterone levels in the whale blow samples.

Lowest calibration

Concentration { pg/pL)
Concentration [pg'pL)




Exact Mass
Accurate Mass
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O g y | THE SEIE\NXQU.!:S!ESSIBLET

1 , 18

1 |—Atﬂmlc number ]
1| H = ClmMetal He
100z | 2 C — Symbol Osamimetal 13 W% 15 1w 17 |ios

s fi ﬁe 12.01 CINonmetal ﬁ E: 1.':- 6 1'_5'.'.. I:ID
6941 | 9012 I_J‘E"ttﬂmiﬂ weight 10.51 [ 12.01 | 14.01 |16.00 [ 19.00 en.?a

11 | 1= 1= 14 [ 15 16 17 15
3| Na (Mg Al | Si| P | S |Cl|Ar

spoaloast] 3 4 5 6 7 8 9 10 M 12 | seos]|e500 | soer | seor | s5as | s

19 20 21 22 23 24 25 26 27 25 29 30 31 32 33 34 35 36

4| K|[Ca|Sc|Ti| V |Cr|(Mn|Fe|Co|Ni |Cu|Zn|Ga|Ge|As |Se | Br | Kr

S9.10 ) 40065 (| 44.96 | 4765 | 5094 | 5200 | 54,94 ) 5585 | 5593 | 5669 | BE55 | 6559 | 6AF2 | V261 | F4.92 | VE96 | 7990 | §3.60
37 35 39 40 41 42 43 44 45 45 47 45 49 =0 =31 =) =3

5\ Rb|Sr|| Y | Zr |Nb|(Mo|Tc |Ru(Rh|Pd |Ag(Cd|In |[Sn|Sh|Te| I |Xe

8547 |&762 || 8591 | 9122 ) 9291 | 9594 | 9591 | 1011 | 10249 | 1064 ) 1079 | 1124 | 1145 | 1157 | 1218 | 1276 | 1269 | 1313
55 == 71 Ta T3 T4 =] TE T = ¥4 S0 Sl [=37] 83 &4 =13 =13

o/Cs|Ba|/Lu|Hf | Ta|W |Re|Os | Ir |Pt |Au|(Hg| T1 | Pb| Bi | Po| At |[Rn

1329 [ 1573 [[IPS.0 ] 17565 | 1809 | 18535 |1S56.2] 1902 | 1922 | 195.1 | 197.0 | 2006 | 204.4 | 2072 | 200.0 | 2090 | 210.0 | 2220
ST [=3] 103 104 | 105 105 1a7 105 109 [ 110 111 1i= 114 115 115

7| Fr |Ra|/Lr | Rf |Db|Sg |(Bh| Hs | Mt [Uun|Uuu{Uub Uug Uuh Uuo
2250 ) 2260 2621 ] 261.1 ] 2621 | 2651 | 264.1 ) 265.1 | 265 269 272 277 259 259 293

==] &0 Bl B2 &3 =53 =13 =153 BT =E=3 =4=] ¥

=l =5
o |La|Ce| Pr|Nd|Pm|Sm|Eu|Gd|Tb |Dy|Ho| Er |Tm|Yb

1559 ) 140.1 | 1409 | 1442 | 1469 | 1504 | 1520 [ 1575 | 1569 | 1625 [ 1649 | 1673 | 164549 | 1750
59 Elu] a1 EF] 93 EE ELS L] a7 EL EE] iod | 101 | 102

7| Ac|Th|Pa| U |Np| Pu|Am|Cm|Bk|Cf | Es |[Fm|Md|No| ...,

gevo|zapn | om0 2esn | esv0 | 2aaq | oan | 2ava | oav ] 251 | o5en ) 2571 | 2581 ] 2591 | prmerFanl

= Every element found in nature has a unique mass

= Elements are combined to produce compounds with distinct
masses and physical properties

= Compounds can be detected by mass spectrometry and thus
their masses measured

= |f a compound mass can be measured with sufficient
accuracy, a unigque elemental composition can be inferred —
the benefit of exact mass
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= carbon has a mass of 12

" hydrogen has a mass of 1
= oxygen has a mass of 16
" nitrogen has a mass of 14

But these are nominal (integer, whole) units
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carbon has a mass of 12.0000

hydrogen has a mass of 1.0078

oxygen has a mass of 15.9949

nitrogen has a mass of 14.0031

* It is possible to have combinations of atoms which have the same
nominal (or integer) mass but different accurate mass

* If such compounds can be mass measured with sufficient accuracy it
IS possible to determine elemental composition
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= CO = 27.9949
= N, = 28.0061
= C,H, = 28.0313

= These elemental combinations have the same nominal mass but
different exact mass.

= A nominal mass measurement cannot distinguish these.

= |f any compounds differ in their elemental compositions by
substitution of any of these elements, then the exact mass
measurement will show this.
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= Most elements have more than one stable isotope.

» For example, most carbon atoms have a mass of
12 Da, but in nature, 1.1% of C atoms have an
extra neutron, making their mass 13 Da (*3C).

= Why do we care?

» Mass spectrometers can register isotope peaks if
their resolution is high enough.

» If a instrument has resolution high enough to
resolve these isotopes, better mass accuracy is
achieved.

Courtesy of Sandler Mass Spectrometry Users’ Group
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Element

Hydrogen

Carbon

Nitrogen

Oxygen

Fluorine

Phosphorus

C12
Ci3

N14
N15

Q16
oL
O1s
F19

p31

:J"X'f | .

top
HEENEE

meénts"*

Nominal
Nuclide

1
2

12
13

14
15

16
17
18
19

31

m_ NN e
| L B

Exact
Mass

1.0078
2.0141

12.0000
13.0034

14.0031
15.0001

15.9949
16.9991
17.9992
18.9984

30.9738

Mass
Defect

0.00783
0.0141

0
0.00336

0.003074
0.0001

-0.0051
-0.0009
-0.0008
-0.0016

-0.0262

THE SCIENCE OF WHAT'S POSSIBLE."

Isotopic
Abundance

100.00%
0.02%

100.00%
1.10%

100.00%
0.37%

100.00%
0.04%
0.20%

100.00%

100.00%
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CONFIDENT COMPOUND ID

DIFFERENT COMPOUND SELECTIVITY
COMPLETE LACK OF ANALYTICAL STANDARDS
MEASUREMENT OF COLLISIONAL CROSS SECTIONS
GAS PHASE CONFORMATIONAL STUDIES
POLYMER STUDIES

LARGE MASS STUDIES

PROTEOMICS

METABOLOMICS

METABONOMICS

LIPIDOMICS

MADb QUALITY CONTROL
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Thanks for your attention.

Questions?



