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* Vacuum system

* Differential pumping technique.

» Commercial Time of Flight Mass Spectrometer (52 51 T\ 1T B [E B 5 15) with
many ion guides

- TOF MSEBIRVFERR

* Coincidence measurement for ions and electrons. (TOF MS & hemispherical
energy analyzer)

* Aerosol (PM 2.5) TOF MS.

* MALDI (matrix assisted laser desorption /ionization), ESI, LIAD, velocity map
ion imaging...
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25 F 18£8 )% (electron ionization, El)
* 70eV electron beam. Hard lonization

RIRRFIEZE)X (fast atom bombardment, FAB)
{CE2BEF1E)% (chemical ionization, Cl)

* CH;* + M 2 CH, + MH*

J6iFBk % (photon ionization, Pl)

Soft lonization

MALDI
ESI
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= 38 28 )% (electron ionization, El)

* 70eV electron beam.
M+ e 2> Mt + 2e

electron

cathode

source slit
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o RIRRFIEEE)ZE (fast atom bombardment, FAB)

Atom/ion gun Cs, Xe, Ar

Fast (8-35 KV) atom/ion beam

Secondary
ions

Sample in
liquid matrix
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- {CEBET{E)E (chemical ionization, Cl)
o CH4 + e > CH4+ + 9%
° CH4+ + CH49 CH5+ + CH3
° CH4++ CH49 C2H:+ + H,, + H
. CH5+ + M= CH, El spectrum 7

o C2H5+ + M C2H
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* Comparison
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« JtFiFEH A (photon ionization, Pl)

Potential Energy diagram for
diatomic molecule. Multi-Photon Ionization Processes
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Time-of-Flight Mass Spectrometer (TOF MS)
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electrodes detector




Time-of-Flight Mass Spectrometer (TOF MS)
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Let them fly away!!

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
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Let them start at the same timell

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
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Let the ions with the same m/z arrive at the same time.

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.
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TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
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Let the ions with the same m/z arrive at the same time.
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Time-of-Flight Mass Spectrometer (TOF MS)
mITISE B SR B — MR IE

Let the ions with the same m/z arrive at the same time.

-
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Time-of-Flight Mass Spectrometer (TOF MS)
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Let the ions with the same m/z arrive at the same time.

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
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Let the ions with the same m/z but
arrive at the same time by ion mirror or reflector.
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TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
mITISE B SR B — MR IE

Let the ions with the same m/z but

arrive at the same time by ion mirror or reflector.

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.
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me-of-Flight Mass Spectrometer (TOF MS)
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Let the ions with the same m/z arrive at the same time

by orthogonal acceleration.

flight tube purmp
SOUrce pump

TOF Tutorial by Jordan TOF Products. Inc.  All rights reserved.




Time-of-Flight Mass Spectrometer (TOF MS)
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Detector: Multi Channel Plate (MCP)
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BURLE's 2-micron pore MCP provides
the highest resolution in the world.




Detector: Multi channel plate (MCP)
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Bl MCP Configurations

Matching the bias currents of the MCP sets allows the

set to be operated from a single power supply, which

eliminates the need for center tabs and voltage dividers,

leading to improvements in spatial resolution and Fulse
Secondary Glass Qutput

Height Distribution.
electrons ‘cvr:?lnnel electrons Single Chevron Z-stack

Electroding

radiation

__,____
AL
T e

SN

R

o e
e

oy
;%}: s
B

e
B
53,

s
'rl" g

i

.
o
2
R

B
L

P
e
S
L
s }-'.‘\'.\ e

e

L
S
AR

SRS

2
R
e

_..,._._f,
e
e,
e
s

W
A
o,
A

e,

J'r:':f
7%
h\.\"\%!

AN S

L
o~

Lot

FEE,
i
)

F

iz
%=

Bl Coatings

Cesium lodide (Csl), Copper lodide (Cul), and
Magnesium Fluoride (MgF;) enhance the detection of
LT . ultraviolet photons from 200 to 2000 angstroms.
A W e, X - ' Potassium Bromide (KBr) improves detection efficiency
BURLE's 2-micron pore MCP provides of soft X-rays in the 0.2 to 9 keV range.

the highest resolution in the world.




Detector: Multi channel plate (MCP)

Bl MCP Configurations

, . ing the bias currents of the MCP sets allows the
- MCP Performance characteristics « be operated from a single power supply, which
ates the need for center tabs and voltage dividers,

GoaRguraiton | LIQRatio s Mk nim Pulse a t'?' impr_wements in spatial resolution and Fulse
Voltage Helght t Distribution.
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1x107 electrons x 1.6x10°'? C/electron = 1.6x10-'2 C
1.6x1072C / 2x 109 sec = 0.8 x 104 A

V=IR=0.8x10*A x 50 Ohm = 4 mV

With 5-100 times amplifier = signal will be 20 mV to 400 mV.




Detector: Multi channel plate (MCP)

Diagrams:

Fulse Mode Imoging Mode
{matal snode) (Proaphar torean)

Eiectron /Negative fon/UV Photon Detector

WM v ground ground
S\ . .

2050v to 2500v 5000v to 7000w

Positive lon,/UV Photon Detecior

I v, —2000v —2000v
NN _— ground

V. 50v to S00v J000v to S000v




CEM

Dr Sjuts channel electron multiplier

It’s a detector responding to charged
particles, hard and soft X-ray, and UV.
Enhance 108 with ~2.5KV applied.
FWHM = 8 ns.

Emissive Layer

Silicon oxide Layer

Lead glass

Coloured glass
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Replacement of a CEM array for VG CLAM 4 Electron Spectrometer

As a special service we offer the replacement of old glass made CEMs by CEMs Series
KBL for electron spectrometer. This example shows the replacement for a VG CLAM4.

e

Fig. 8 Original CEMs made entirely of
glass
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Fig. 6 KBLA1707_6 with front plate
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Dr. Sjuts Optotechnik GmbH

http: / /www.sjuts.com /index.html
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Diagram
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Mass calibration by using Xe

abundance

1800-)(e excitec.j 290 oV ' o ' Iso’rope Mass / Da (q’rom %)
128¥e 127.903 1.92
Xe3+
e Xe! 129%e  128.905 26.44
12 :
600 — a C
114 Linear Fit of C
xe* 10_- ]
0 9 - -

! | ! |
0 5000 10000
Flight Time(ns)

Root of mass
(o]
1

6 - Equation y=a+b*x |
Adj. R-Square 1
- Value Standard Error
C Intercept 249116 9.69431E-4
5 C Slope 6.87661E-4 1.22763E-7 |7
I i I i I i I i I i
4000 6000 8000 10000 12000 14000

Flight Time (ns)







Differential Pumping

The Nobel Prize in Chemistry 1986
Dudley R. Herschbach, Yuan T. Lee, John C. Polanyi

Ja @) + 0,

e
Dudley R. Herschbach YuanT. Lee John C. Polanyi

The Nobel Prize in Chemistry
1986 was awarded jointly to
Dudley R. Herschbach, Yuan T.
Lee and John C. Polanyi "for
their contributions concerning
the dynamics of chemical
elementary processes".




Differential Pumping
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Differential Pumping

aRZ= + 30Kg
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Total 10Kg




Commercial

Capillary voltage
Voltage adjusted to maintain
stable ion current (1.4-1.8 kV)

Nanoflow pressure

i b [
Pressure applied to ‘;k =

initiate spray, but best o
with none

(0-0.3 nl min™") *

ll

Source pressure

Pressure adjusted for optimum
transmission of protein complexes

(3-9 pbar)

TOF MS

® Cone voltage
Desolvation of protein
complexes (50-200 V)

Collision cell

lon guide

I- | Ii

Quadrupole

Collision gas

Activation and detergent

removal (1-4 MPa; Ar or SF)

Microchannel
plate detecto

lon guide Pusher

Collision voltage
Activation and

detergent removal
(100-200 V)

Reflectrog







PEPIPICO(coincidence

(a) spectrometer
geometry:0°

A

INs: Excitation from
1s orbital to o*

TOF

—

Linear
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Aerosol (PM 2.5) beam
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J. Phys. Chem. A 2006, 110, 2106—2113




The Nobel Prize in Chemistry
for 2002 is being shared
between scientists in two
important fields: mass
spectrometry (MS) and nuclear
magnetic resonance (NMR). The
Laureates, John B. Fenn and
Koichi Tanaka (for MS) and

Kurt Withrich (for NMR), have
contributed in different ways to

the further development of

these methods to embrace
biological macromolecules.




Electro spray ionization

Reduction

Oxidation

Electrons

T' & Electrons
High Voltage
Power Supply © Arcins Dublin 2008
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Connection to LC and MS

Electrospray lonisation (ESI) and lon Source
Overview

o Mass
ror Aoosol  Fomaton Spectromete

Cone Plume

Fused-Silica
Capillary ~+1.5 kV




Electro spray ionization

B0 J abops AR AT @TBASd AVEE ML TRES
T+ 1w [ B 0 |
Wy

Listleiaadaarid

®

#1 RT3 P« MWL 19TET
T o+ p D81 || A OO UERL 0N

1

B ® 88 3 &

&

1

|
]
3
3
1
3
- |
-

-1

" A

O LLISERd bR

- .
wlaarslis,
H:I g 2 B

pr]
]
=]

T T

=

% 5
A LLERlai L

1]

il

T B:':'I LT T




Matrix Assisted Laser Desorption/lonization

(MALDI)

b
Analyte/Matrix

-, @ Mixture




Matrix Assisted Laser Desorption/lonization

(MALDI)

Capillary voltage
Voltage adjusted to maintain
stable ion current (1.4-1.8 kV)
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Matrix Assisted Laser Desorption/lonization

(MALDI)

MS spectrum

T miz
MS/MS product isolation and fragmentation
ion spectrum of the precurser ion

)

MS/MS/MS product 4 isolation and fragmentation
ion spectrum I of a product ion for a further stage
of fragmentation

'
miz




Schematic diagram of Laser-Induced
Acoustic Desorption (LIAD)/ESI MS
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Anal. Chem. 2009, 81, 868-874




Laser Induced Acoustic
Desorption (LIAD)

Anthracene

200
C oum arin

Extraction ion optic
of TOF MS

o

) 200
Rhodamine B
Desorbed
species

157 nm photoionizing laser L
light ;

Carousel -
sample-holder

0 200

Fluoresceine

Figure 1. Schematic drawing of the experimental setup.

Anal. Chem. 2007, 79, 8232—8241
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Time-sliced velocity mapping ion imaging

lon optics

I —

LK

0 (cm) 27 68 75

FIG. 1. Computer simulation of the 1on optics. The potential contour spac-
ing 1s 19.6 V/ecm at 1000 V 1on optics voltage. The 1on trajectories shown
correspond to 1ons with 1.2 eV 1nitial kinetic energy sampled every 30°. The
two 1on born positions are separated by 10 mm. The pitch of the electrode
plates was designed to be 1 cm.
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Time-sliced velocity mapping ion imaging

lon optics PCCP

Physical Chemistry Chemical Physlics An Internatlonal Journal

WWW.ISC.org/pecp Volume 7 | Number 10 | 21 May 2005 | Pages 2085-2248




Conclusion

* Free electron laser, a tool for:
* lonization.
* Excitation.

* Photo dissociation.

* TOF MS, a tool for:

* Detecting ions with m/z values.

* Measuring velocity, flight times, and fragments




