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Mass Spectrometry
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=% What is Mass Spectrometry

“The basis of MS (mass spectrometry) is the production of
lons that are subsequently separated or filtered according to
their mass-to-charge (m/z) ratio and detected. The
resulting mass spectrum is a plot of the (relative) abundance
of the produced ions as a function of the m/z ratio.”
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> Sensitivity (%3 1)

» Speed (PHRi)

b

> Specificity (B Jl (EIEY

> Stoichiometry (| 2§l &)
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GC-MS v.s GC
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lonization Methods #&+" gy =t

Hard

4 ’b No Fragments i+ ZFragments

Soft 1onization gives low fragmentation
Molecular weight determination
Produces “theoretical’” spectra

High sensitivity (low pg levels)
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El Spectra from TRACE DSQ

* HCB spectra from 2 pg up to 60 ng
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CIP Spectra

 Comparison of El with PCI using methane and ammonia
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“F%?' rE=+ Electron lonization
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= Most common method of ionization for GC-MS
= Used as both a qualitative and quanitative tool

= Produces mass spectra of molecules
« Fragmentation fingerprints
e Combine with retention time for positive identification

= Use single ion for quantitation with one or more ions for verification
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lonization Methods
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HEIRREHEEFRE PREEENYE
Reagent gas reacts with electrons to form reactive
species

R A TR BRI, ATRLGEIEERES
77 F it FRITHEEA S

Result is “softer” ionization which results in primary
formation of molecular ions.

FEEREREERST TN FE

Main use is molecular weight confirmation
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ToBES (e Uk i PICI Summary

¢ A LR EI D FEMEAR
Molecular weight information

» $155 S M AR AT T4 L RORIBIE

Increased selectivity for many compounds
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Selectivity affected by reagent gas

BB AR BT
FEII0 Rk = FERD BEFER 5%,
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ILLFIERNF=

High pressure Cl produces true Cl spectra
(including adduct ions for confirmation)
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Reagent gas reacts with electrons to form “plasma” of thermal
electrons

il

ERRERSETENN, SRBRETHRSHY
% (AfiEsE a8 EMRA TR E)

lonization is favored by molecules which have a high electron
affinity — electron capture

ERARSEEEEIRE TRLEFE ST TE, Fln:
i BX 2 BE ZE MDA fn PRI 2 | 53 A

Useful for selective analysis in heavy matricies, ie.e pesticide in
food or waste matrix.
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WSk Vadgn NICI Summary
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Molecular weight information
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Highly sensitive and

Z4, EREEH

selective - 1deal

for analytes in complex matrices
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Detector ( ;g % )

» Electron Multiplier (Most common)
» Faraday Cup

» Photomultiplier Conversion Dynode
» Array Detector

» Charge (or Inductive) Detector

Thermo ThermoFisher
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@Tﬁ*ﬁfﬁﬁﬂ MS Detection

= Answers the two most frequently asked questions In
Analytical chemistry-

« % IDENTITY - What is in this sample?

« &l QUANTITY - How much of it is in this sample?

Thermo ThermoFisher
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=H FRRLY[ fE = How does an MS detector do this?

i

= MS detectors constantly acquire @T% Mass Spectra
= 1-5 spectra are acquired per second
e |.e. mass range 50-550 amu, scan rate 5 scan/sec,
e ~ 2500 amu/s

= A chromatographic run is defined by thousands of
mass spectra

Thermo ThermoFisher
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g‘ﬁﬁ%ﬁ'w, Chromatograms?

. TIC
100
If we zoom into
¢« this region......
%
50 T T T
Thermo ThermoFisher
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TIC

\. __—— At this scale the trace
// IS made from many

data points
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|
@T%q% Mass Spectrum

= produced by scanning the MS between 50 and 300 amu
whilst compound elutes into the system

100 240

%
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fl ﬁi{@ﬁ%[ﬁl What is a Mass Spectrum?

/= e

= A mass spectrumis a “| ??#F*ﬁ%ﬁ [ﬁﬂchemical fingerprint”
= [t contains:

« 77+ EIFHEL Molecular weight information

. FEJ‘.T%?*EI Structural information

Thermo ThermoFisher
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- TR S 5

Y FEl
Each position on the chromatogram rfas a unlgﬂe mass spectrum
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Trace produced by summing all observed masses in each scan

—Larr — 5

= RIRE Fg#ﬁﬁaf Total lon Chromatogram or TIC
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Data View - Chromatogram

= We can also just show the data for a specific mass

= This lets us see only the information from a single compound

Thermo ThermoFisher
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et Mass chromatogram
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Data View - Extracted ion trace

= Removes the effect of background
= [ncreases signal to noise

= Separates co-eluting peaks

Thermo ThermoFisher
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Data View - Extracted ion trace

= 2 closely eluting peaks as
seen on the TIC. But

100 - TIC
each peak represents a 1.57€5
different compound with a
different mass spectral
fingerprint.

% -
-1 Time
11.00 12.00
Thermo ThermoFisher
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Data View - Extracted ion trace

254.2
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Separating co-eluting peaks

100 - 254.23
5.81e4
%_
O ' 1 1 1 1 1 1 1 1 1 1 1
100 - 194.20
6.14e4
% -
0 1 1 1 1 1 1 1 1 1 1 1
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Extracted ion traces

= Extracted ion traces give better S/N
e removing background
» Separating co-eluting peaks

= Extracted ion traces can also be used for:

PEAK TRACKING
ACCURATE QUANTITATION

Thermo ThermoFisher
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Peak Tracking

= TIC of explosives mixture

- 0.52 TIC
100 2.21e6

Which one
IS HMX?

%-

0 L L) L L) T L) T L) T L) T L) T i
1.00 2.00 3.00 .00 5.00 6.00 Time

Thermo ThermoFisher
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Peak Tracking

= Mass spectrum of HMX
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Peak Tracking

100 +

0% -

100 -

00 -

2.00

Mass Chromatogram
m/z 237

TIC

Time

1.00 200 300 400 500 6.00 7.00 800 9.00
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Data View - Options

= Total lon Chromatogram
* The best way to view the whole chromatogram and all peaks visible

= Extracted lon Traces
* The best way to see data from just one compound

Thermo ThermoFisher
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Jo& A o] B [

m/z

MS Spectrum

/ ka [ SIC (Selected lon Chromatogram)
} TIC (Total lon Chromatogram)

Retention time
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SCAN mode (# # #i 3%)
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e R FR & AR

SIM(Selected lon Monitoring) mode ; % # 3+ $5-5¢

R R BT Al R
R PR EFER GO RBET AT EL
o BB BN B ik RIS o

0,
V ocm/z 4
SIM ]
104 97
3 85

Vo7 - - - .
) 50
V85 - - - ]

80.0 850 900 950 100.0

0.2sec 0.2sec 0.2sec Time @* e )
Thermo ThermoFisher
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Scan & SIM Mode

m/z

72

SIM £ # 3+

=>

(

/ TIC : Scan Mode

s By

T3

R Retention time
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Summary so far...

= MS detectors acquire mass spectra which can be used for:-
* Molecular weight determination
A TIC chromatogram

* An extracted ion chromatogram
Improves s/n
Removes matrix
Separates co-eluting peaks

Thermo ThermoFisher
IIIIIIIIII 47 SCIENTIFIC



>EABH
" GC%¥: Bt g Wingd ~oveniE & ¥
" MS%dc: ER - BRBETR - HfFRE

>EXEESH

" A SRR R - AAE

" TR FHEREFEES

s TR AECIVE DRI &WE

Thermo ThermoFisher
IIIIIIIIII 48 SCIENTIFIC



) & £#&=F - Instrnment Setnp
File TEACE Help

D= g x[2]
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= H 24t (liner)
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pUfipi= 0 & ) Quadrupole Arrangement

+/-(U+V coswt)

/ J+(U+V_cosot)

Rt T2

lon beam

|||||||||| 62 CIENTILE ] C



MfBFEE S fR: KRB RER

*|lons scanned by varying the DC/RF voltage
across the quadrupoles

P A DCIRF RS 7 F b

Thermo ThermoFisher
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Quadrupole lllustration of Mass Separation

Detector

resonant ion

dc and ac voltages

Thermo ThermoFisher
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Jﬂﬁ;”[ﬁ, (Scan Mode)

e Full Scan :
> & ¥4 — L4 47 ~ Library Search

* SIM (Selected lon I\/Ionitoring) :
EHPFERLSIT-ZEAAT

e Sequential Full Scan :
FE®F AR — L LR A

e SIM events :
fﬁﬁgﬁ#ﬁ =X e SIM 33

Thermo Thermo Fisher
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HITRS A4 /\]TT'EF[@T g 1=t Full Scan MS
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Full Scan

Relative Abundance
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FIF EIC 55 Co-eluting %
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FIh 4 &k co-eluting peaks

100 - 254.23

Mass 254 P

0
194.20
6.14e4
1 | | T 1 1
1.57e5
%-
0% I —T I —T I — —rrrrrrreereeeererereperr [1iMe
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S| g5r%, Improving Sensitivity

Single lon Monitoring

Fi- B e

==

—_—
-~~~

Multiple lon Monitoring
TEIRE RS

Thermo ThermoFisher
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SIM = MIM

rj; 'E_*J'*’T lfﬁ—[‘_.

l’uj

“Hl- E 'EQF[TJEI;[ = SIM

S

D

il e

[

Set quadrupole to pass a single characteristic
lon during a retention time window In the
chromatogram

o [ SETUNEEEY 1_10~100|§,

Increases sensitivity 10-100X

- g R IR e

Lose spectral

specificity
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SIM = MIM

« SEEEY M MIM

« B 2~ 5 1B
Monitor 2 to 5 characteristic ions In addition to
SIM quanitiation ion

ANt et RIS R

Set acceptable quallfler lon “ratlos” to confirm
detection

o ZH| g ZH> MRS Ié,?*—L@{%—*—L El IJ '_@Eﬁi
rperﬂdfﬁfﬂ, g f;fgmawﬁu%ﬁ
More quallfler lons boost confidence but reduce
sensitivity gains

Thermo ThermoFisher
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N T = &% MS/MS F 3
- % Fat - RARETREETR

© SR CEme s REER
= T H
= SIM #58 ehR B 3B
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FL %4 #ER Basic Steps

g R
RES )= 3 ES R Mass selective
lon Injection lon Trapping Ejection

S
a2l

Thermo Thermo Fisher
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jﬂEF[JJH Scan functions

- it T b

Full Scan

=Rl T b
SIM (Selected lon Monitoring)

ZEHEIIRE, NFAKLIERE 2 B8t T,
EUEZFEHE E’]%ﬁﬁ?

MSn Isolate a parent ion and fragment to
form daughter ions.

Thermo Thermo Fisher
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Egui=my Fﬂﬁlg[ =% Full Scan MS

1. Inject 2. Detect

|
[*

Thermo ThermoFisher
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ZREEET Y Single-lon Monitoring (SIM)

OO

1. Inject

2. Isolate

Thermo ThermoFisher
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[PELH!— #227 Isolation of lons

P BE R Gz [ - @0 T IO (o )i i
= lons at different gz values oscillate at different frequencies
(wo)

ThermoFisher
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Analytical Benefits of MS/MS

= FrpEEElY Increased selectivity
e Concentration of analyte too low
e Chemical interferences too high (complex matrix)

= ﬁ&,;ﬁfuﬂt Structural characterization

 Provides information about chemical structure of
unknown compounds

= ¥ [ Bl Ease of use
 Routine GC/MS/MS is as practical as GC/MS

Thermo ThermoFisher
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#4778 What is Sensitivity?

Sensitivity Is a function of the Signal to Noise

Signal/Noise = Sensitivity
To improve Sensitivity
Increase Signal

or
Reduce Noise

Thermo ThermoFisher
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How we improve Sensitivity

FHE: SIN = Sensitivity
Quadrupoles use SIM to increase S

lon trap uses MS/MS to reduce N

Thermo ThermoFisher
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ERD I HERIEFIEEN

EI-MS/MS

Precursor selectivity same as SIM
High probability that at least one product

El-SIM

selectivity proportional to

spectral resolution omene  ionwill be a unique dissociation product
no selectivity againstions | of the precursor BUT not the interference
with same m/z
analyte Product 2
Product 1 Einterference
1 T T 1 T Product 3 :

unit mass resolution :
: Precursor

: lon

The precursor ion should NOT be used for ion
ratios or quantitation since the interferences will
be the same as the SIM ion

Thermo ThermoFisher
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MS/MS 5" [

w M 3. Fragment
W
{}

1. Inject

2. Isolate 4. Detect
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El V- VES El .V MS/MS# F,Hu%'ﬂ

100% 373 ~ LO0%

117

287 =13 407 \ ‘
ZB3 TyT 429 T [ - Wyl | |
T T T T T T T T 1 T T 1

LI DL DL N UL O | T 1 1 T [ L L L
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

t

-p. f
err — e gars SR ’*:_E.l
B TR i

Isolation Event ollisional
Activation Event
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MS/MSH: 75 #7 FaYESE Analytical Benefits

o MO (Increased selectivity )

g ﬁf‘}d 5 PEPILISE P TR (58T 4 By

%J ? ﬁp il AdvaH geous when
concentra on of analyte is low compared to chemical
Interferences (complex matrix)

= R SRS ERNE S (Structural characterization )
o BT ﬂ'?ﬁfflimﬁ ' > FELH {5050 FRFLL

( Provides information about chemlcal stracture of
unknown compounds )

12455 5 (Ease of use)
o [ H ] HEE- JERE D S AT R B (Routine
C/MS/MS is as practical as GC/MS)

Thermo ThermoFisher
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MSIMSH? 53 L]

"= B EERMSIRR

(Less sensitive than MS )

“EE AR BN B RS T e sl TE L

(Can only analyze for target analytes )

Thermo ThermoFisher
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GC/MS lon Trap

2= s T

5 £ Fr(MSY)

Scan oV R B i

v h A4 MS/IMS%E %
Bt gl - v

ey

i
= MS/MS &4 7 3
CL PP

5ClI

IIIIIII
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Should | sell Single Quadrupole of lon Traps?

ITQ 1100 GC/MS?

1ISQ

Thermo ThermoFisher
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Table of Contrasts

lon Traps Single Quadrupoles
Mass Separation in time Mass Separation in space
High sensitivity Full Scan Lower sensitivity Full Scan
Selectivity of MS/MS High sensitivity SIM

Library Search

Thermo ThermoFisher
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Outcomes of Contrasts

lon Traps

Mass Separation in Time

High sensitivity Full Scan
by Trapping over Time

Lower sensitivity SIM

Multiple stages of MS
For Confirmation/
And Structure Elucidation

Single Quadrupoles

Mass Separation in Space
Allows for Fast GC

Lower sensitivity Full Scan

High sensitivity SIM
By scanning a single ion
over time

No multiple stages of MS
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Thank you
for your attention




