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® GCMS-QP2020 is Shimadzu gas chromatograph-mass
spectrometer (GC-MS).

® GC-MS is a combination of two different analytical techniques,

Gas Chromatography and Mass Spectrometry.
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Overview of GC Analysis

Liquid or Solid Stationary = Separated Compounds of
Phase in Column Sample Mixture
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Immediately after injection After several minutes Resulting chromatogram

Sample Mixture



How to read Chromatogram.

Analysis Results—Chromatogram
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How to read Chromatogram.

Rt.

Height

Detector Signal

A\

p.v
a

Time (mMin)

Retention time (Rt.) : Qualitative analysis.
Peak area, peak height : Quantitative analysis.
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Overview of GC system configu

Flow Injection Data
controller  port Detector processor

Gas
cylinder
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Gas Chromatograph-Mass Spectrometer Compon

Detector of GC

\ Injection port
Mass Spectrometer

Detector

il Flow controller
Gas Chromatograph

Analyzer

Capillary Column

GC Oven

Gas supply
(Helium)
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Carrier gas
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Carrier gas for GCMS

Carrier gas

. ¥HAVDI carrier gas NHNIFNY GC detectordn@ 1Aun H2, He 11az N2 uf carrier
gas NHeNl¥NUINTEY GCMS launuda He

. MIIAANNVIANT(Purity) galuvioandt 99.999%

a 3.’1 . G 9!4' . Y b 24 ﬂ' %
*  AIIAAAN gas purifiers 1130 gas trap 137 line gas NOHIVIUNITNI GC N8
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INJECTOR
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SPL Injector - split mode

-
Carrier gas 'Ng 4' LI ‘Septum Purge Flow
O-rin :
J # Split Flow
Tatal Flow ; I-_"'5.4 L./ mir
Glass wo Caluran Flaw |1.421 ril/ ity
Lingar Yelocity ; |3?.E cm/zec
Purge Flow |3.D mil/mnir
Injector liner/ glass Spit Ratio: e
insert
Split ratio = Split Flow
Capillary Column

Column Flow

Total flow = Column flow + Split flow + Purge
Column Flow flow
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SPL Ill] ector - splitless mode
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SPL Injector

SPL Injection Mode
V] g’J = | o v
A9IHHDINI5HADN mode N5NINHYD SPL Injector 1HIHINZANNUANMANUYHYDI

sample U331

» Split mode : 013608 1INANNUNIUUNA-g 3

>Splitless mode : A13MI0ENINANMUNYNA (Trace analysis)
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GC Column & Column Oven
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Column & Column Oven
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Column Oven : Isothermal VS Temperature Program
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Gas Chromatograph-Mass Spectrometer Compon

Detector of GC

\ Injection port
Mass Spectrometer

Detector

il Flow controller
Gas Chromatograph

Analyzer

Capillary Column

GC Oven

Gas supply
(Helium)
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GCMS Data
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Mass Spectrometer Compone

Inlet

lon
Source

GC
Sample Plate
Target
HPLC
Solids probe

EI/CI
MALDI
ESI
lonSpray
FAB
LSIMS

TOF
lon Trap
Mag. Sector
FTMS
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Detector

Data
System

Electron Mult.
Microch plate
Hybrid Detec.

N\ /
High Vacuum System

PC’s
UNIX
Mac
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lon Source

lon
Source
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Mass
Analyzer

lon
Detector

EI/CI
MALDI
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Quadrupole
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lon Source
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« Sample molecules are ionized in the ion source
after chromatographic separation by a GC. The
structure and function of the ion source will be
explained here.

* EI/Clis one of the important ionization methods
for GC/MS.
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E! (Electron Impact lonization)
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« El lonization usually produces singly charged ions
(molecular lon) containing one unpaired electron.

 Energy imparted by the electron impact and, more
iImportantly, instability in a molecular ion can cause that ion
to break into smaller pieces (fragments).

+
- _ e-
e E=z70eV E«ZO eV or '

7/
\ _ - ’ fragmentation +
D i) () - v or - w

Neutral & Molecular or m '
molecule ion

Fragment ions
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El lonization in the MS

Sample
molecule
from GC

to Mass analyzer
through lenses

Fragment ions

ionization
chamber
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Electron Impact lonization
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Extensive fragmentation of sample molecules gives rise to “fingerprint” of
compound, useful for identification purpose

Every time a molecule of the same compound is ionized under the same
conditions, it forms the same quantity and pattern of ions.

m/z value of the molecular ion (M+) gives information about the molecular
weight of the compound, also useful for identification purpose

In some cases, M+ ion does not survive fragmentation due to the high energy
involved in the process. Two approaches can be taken:

— Reduce ionization voltage (possible with GCMS-QP2020)

— Change ionization mode to Positive Chemical lonization (PCl) — possible
with GCMS-QP2020 or GCMS-QP2020 models

25
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El Mass Spectrum of Butylbenzen

Inten.(x100)
10.0- ol

0.0-
8.0-
7.0°
6.0-
5.0-
4.0°
304
204

65

: 105
107 27 3|941 51

78
ool 2d 0 lss o) vl el 98 msue |
20 30 40 50 60 70 80 90 100 110 120 130 m/z

26



sssssssssssssssssss

Cl, Chemical lonization

* Clis soft lonization method causing
less fragmentation.

* Reagent gas is used for this ionization. I _I
(methane, iso-butane or ammonia)
ReagentI J
Gas

e 2 type of Cl method: PCl and NCI.

27
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Cl- Reagent gas

* Low energy electrons and positive fragment ion are
produced when high energy electrons from the filament

strike the reagent gas.

%S

High energy

electrons Reagent gas / Q@
buffer gas @ G
Low energy electrons

28

Positive fragment ion

CH5+ C2H5+

CH3+ CH4+
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PC', Positive chemical lonization
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* Through collision and chemical reaction, the reagent gas ions
transfer energy to, and ionize the sample molecules.

* As aresult, molecular ions are formed with much less excess
internal energy, which leads to less fragmentation.

 The molecularion thus appears as a strong, if not the major,
fragment in the mass spectrum.

e This fragment can be used as quick identification of the
molecular weight of the sample molecule.

29



PCI- Spectrum of PCl
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methylstearate : m.w. 298

EI 100+

74
i 7 0 Small molecular peak
50- /Y\/VVVVWV at m/z = 298
O
il -293
ol Ll 129 188 200 |
75 100 125 150 175 200 225 250 215 " miz
PCI =
004 R t Gas : Meth —
e (1) Protonated molecule
50-
. 5 (2) Less Fragmentation 067 |
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P ClI- Reaction lonizing sample molecule.
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Proton Transfer ]

Addition of
Reactant lon

Hydride Abstraction

Charge Exchange

The major reaction of PCI. A proton (Hydrogen ion) H* is transferred from the
reactant ion [BH]* to sample molecule M to form protonated molecule [M+H]*

M+[BH]* -> [M+H]* + B
The reactant ion X+ is added to sample molecule to form adduct ion [M+X]*.
M+X*+ > [M+X]*

A Hydride ion is abstracted from the sample molecule to form the ion [M-H]*

M+[BH]* -> [M-H]* + BH;

Charge exchange between reactant ion [BH]* and sample molecule M.

M+[BH]* -> M* + BH"

31
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NC', Negative chemical lonization
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* Negative Chemical lonization is used for selective detection of
compounds that can produce negative ions.

* Electronis captured or attached to a neutral molecule, giving
molecular anion.

* For electron capture, energy of electrons must be very low.

32
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NC', Spectrum of NCI.
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NC', Negative lon Production Processes.
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Resonance A electron with kinetic energy 0-2 eV is directly captured by a
Electron Capture molecule without fragmentation. This process forms molecular ion
[M]
M+e > [M]
Dissociative A electron with kinetic energy 0-15 eV is captured by a molecule.

Electron Capture | £ycess energy of electron leads to produce fragment ion [M-A]

M+e -> [M-A] + A

lon Pair Formation | Bombardment of a electron with kinetic energy more than 10eV
fragment a molecule to produce a pair of positive and negative

ions.

M+e -> [M-B] + B*+ ¢

34
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NCI Mass Spectrum of Hexachlorobenz

 Hexachlorobenzene (MW = 284)

| FF=F0= 7O74 —> 7985 e e [ 538 —> 540
oh44,033,525 - |
B0-
0|71 85 92 114 126 146 1E2 185 203 217 233 249 263 LLEE 305_’
100 ' 200 ' 00 v
Al ]
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NCI Mass Spectrum of Parathion

Parathion (MW = 291)

{FF3R 15 7a0->15767]-[15641->15711] ZiewEe [1291-x1293]-[1278-+1287]

164 797,966 = |
B0+
291
169

1] ETI ?.2 .55. 1|:|E: 1.22.13.8 iJ. 1]?1 .1 B|§199 . 2:21 ?35. 25|:| 2?5 L SDIE 3:21 . 351 ISE:El 38{ \ _I
100 ' 200 200 ' 400 =
Al ]
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Mass Analyzer

lon lon
Source Detector

EI/CI

MALDI TOE Elgctron Mult.
ESI Microch plate

lonSpray lon Trap
FAB Mag. Sector

LSIMS FTMS

Hybrid Detec.

N\ /

High Vacuum System
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Quadrupole Mass Spectrome

* A quadrupole(QP) mass analyzer is most extensively used for
GC/MS analysis.

* Voltages applied to four cylindrical quadrupole rods generate a
quadrupole field in the center axis of the mass spectrometer

* lons entering the field will oscillate; the oscillation characteristics
depend on the mass-to-charge ratio of the ions and the voltage applied

* Voltage applied to the quadrupole can be varied/selected so that only
ions with specific m/z will have stable oscillations in the center axis, and
will reach the ion detector

 Quadrupole MS can separate ions whose mass number differ by 1 unit
mass

©,0= TN Do = To Do
= i

38
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How a Quadrupole MS operates in GC/M

* Voltages applied to the quadrupole are varied so that
the mass range specified are scanned repeatedly at high
frequency.

 Scan Mode and SIM Mode are the generally used
analysis mode.

39
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Scan mode & SIM mode

SCAN MODE
Qualitative Analysis and Quantitative Analysis

Scan mode is used for the identification of chemical components
using a mass spectrum, quantitative analysis and determination of

some parameters for SIM analysis.

m Quantitative Analysis

Lower detection limits can be obtained with the SIM mode
than the scan mode for quantitative analysis, because the
sensitivity is tens to hundreds times better.

40
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Scan Mode

* The mass analyzer is scanned m/z
from low to high field strength A
. . . m/z a
within a scan interval (M/2) 0 Slope = scan speed
* lons having m/z within the mass
range are scanned and detected o
S
C
\2]
* Theresultis called a full-scan a
mass spectrum = :
P time
Scan interval
(m/z)min

41



Full Scan or SCAN Mode

* Mass numbers are scanned in steps of 1 u

* Good for qualitative analysis (identification)

m/z

500~

45
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SIM (Selected lon Monitoring)

* Detect only a small number of
ions (pre-determined m/z

values) m{\z
(m/z)3
* Increase the sensitivity of
detection ("/2);
— Detector has a longer time
m
to measure the abundance O _ time
of ion fragment of a - R
particular m/z Sampling period

43
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Selected lon Monitoring Mode

* Only pre-determined (user-specified) mass numbers are
scanned

— E.g. m/z 200, m/z 215
e More sensitive than Scan mode

m/z
%
100.0-484
643 | i— i
! ! 75.0-
561 — :
i i 50.07 643
484 —— | 25.0-
! ! ] 561
. 0.0--——T——T—T——T 7T
Scan#1 (g2 sec time 500.0 525.0 550.0 575.0 600.0 625.0
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lon Detector

lon Mass lon
Source Analyzer ’ Detector

EI/CI Quadrupole
MALDI TOF Electron Mult
ESI lon Trap Microch plate

lonSpray .
FAB Mag. Sector Hybrid Detec.

LSIMS FTMS

N\ /

High Vacuum System
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Electron Multiplier

* Jons that exit the mass analyzer are detected and the
abundance / intensities are measured

— Bench-top GC-MS usually use electron multiplier detector

-HV

The First Dynode

Output

Positive lon ff X ’ P ==
\AS AP S S
—+

— I Neutral Noise Particles

Discrete Dynode Type
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Positive & Negative lon Detec

Positive ion detection _ Negative ion detection
Negative Negative
High Voltage High Voltage

Ny Ng
_ I Positive lon ﬁ I Negative lon
o
!I o -okv _I —O +10kV

Conversion Dynode Conversion Dynode
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High Vacuum System

lon
Source

Mass
Analyzer

lon
Detector

EI/CI
MALDI
ESI
lonSpray
FAB
LSIMS

Quadrupole
TOF
lon Trap
Mag. Sector
FTMS

Electron Mult.

Microch plate
Hybrid Detec.
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Vacuum System

* Two types normally used for bench-top GC/MS:
— High vacuum pump
* Reduces and maintain pressure in MS at the operating pressure
(e.g.: Turbo Molecular Pump)
— Low vacuum pump

e Reduces the pressure in MS from atmospheric pressure to the outlet pressure
of the high vacuum pump

(e.g.: Rotary Pump)

I Fore pump I
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Vacuum System

TMP in QP2020
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Why is Vacuum Necessary? %

 Sample ions must travel from ion source to the
detector without, or with minimum collisions with
other particles

 Reduce ion-molecule reactions
* Reduce background interference
* |Increase sensitivity

* |ncrease filament lifetime

51
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* MS calibration (calibration of mass number) means

adjusting the quadrupole signal frequency so that mass axis N
points correspond to expected fragments of calibration . 131
compound §
£
o . : . 2 69
* Tuning is the adjustment of ion optics voltages so that
— adjacent mass peaks have little overlap (resolution

v

adjustment), 69 131
m/z of calibration compound
— ion abundances are optimised (sensitivity adjustment), and/or fragment ions
— fragment ions have the expected relative abundance (mass Int.

a

pattern adjustment)

M M+1 m/z
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Calibration Compound (Stan

Inten.(x100)
69 F F
10.0
i F F F F
F F
F FE P
75— £ g
5 F N F
T 21 F F
F——F
1 F——F
5.0
1 F——F
| 131
| F——F
2.5+ F
100 264
] 502
ool3t 1 | !.l L1900 | 1 296]  aig  aze P age, | 614
100 200 300 400 500 600 m/z

PFTBA = Perfluorotributylamine (MW = 671)

For normal tuning (mass axis calibration up to ~700 amu)
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GCMS Data

— e ————— — — — — — — — — — — ——

—— e e e e e e e e e e = = ——

Mass

lon lon
Source -’ Analyzer Detector
EI/CI Quadrupole
MALDI TOF Electron Mult.
ESI lon Trap Microch plate
lonSpray Hybrid Detec.
FAB Mag. Sector y
LSIMS FTMS

High Vacuum System
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Intensity

Chromatographic data plane
Data: chror\natogram

o

" Retention Time
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GCMS Data(2)
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Chromatogram

~.

~A

)

_ L i
B

-t Mass Spectrum
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g
S | 500 127
)
= B3 a1 ‘
)
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mass-to-charge ratio (m/z)
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Chromatographic Peak & Mass Spé

% %
100.04 74 Scan #1067 Scan #1068 100.04 - 74
e Scan #1066 e
50.0—:
Scan #1065 \/ 2501
1 143
0ol ﬂlﬁ WA R
100 200 300 400 500 100 200 300 400 500
\/
Scan #1066 Y 47‘ Scan #1068
% %
rooop 11850 11875 11900 11925 11950 |20 7
7501 / 75.04
] (Scan) Interval, e.g. 0.5 sec f
50.0—_
25.04
1 143
ool 1 1B A0 oy s e
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Total lon Chromatogram (TIC) )

* The summed raw signal of total ion current
plotted against time

.~ Total lon Chromatogram

Sum of ion intensity

Scan interval

58



® ® -
Access to yc;ur success
G sHIMADZU

Mass Chromatogram (MC)

S

* A plot of the intensity of a single ion (m/z)

against time
-~ m/z Mass Chromatogram
#
é el /’é// A
s Lo

> Time
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Setting of MIS Acquisition
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Group 2 Group 3 Group 4
< P —> | <
V|
Analysis time
Start Time | End Time Acq. Interval Scan Start End Chil Ch2
[min] [min] Mode [zec] Speed mfz mfz mfz mfz
il | 5.00 G50 fScan 0.40 7B3 7000 370,00
F | 6.50 350 fScan 0.50 270 7000 20000
] | a.50 1037 JScan 0.50 357 7000 240.00
Fl | 1037 1200 JScan 0.50 E25 E0.00 36000
S —-— ———— = = ST T
Start Time Acq Interval Scan Start End Chi Ch2 Ch3 Ch4 Chs
[min] [min] Mode [zec] Speed m/z m/z mfz m/z mfz mfz mfz
il | 2.00 2.00 Ik 0.20 181.00 219.00 Q.00 0.00 0.00
2l a.00 1500 JSIM 0.20 186.00 201.00 Q.00 0.00 0.00
g | 15.00 20000 [SIM 0.20 179.00 A04.00 Q.00 0.00 0.00
4f 2000 2000 PSIM 0.20 200.00 215.00 Q.00 0.00 0.00
& | 0.00 000 fscan 0.00 1] 0.00 0.00
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