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• TOF MS的基礎
• 原理&㇐些常見的質譜儀設備
• 基本原件
• 質量校正

• TOF MS利用到的技術
• Vacuum system
• Differential pumping technique.
• Commercial Time of Flight Mass Spectrometer (反射式飛行時間質譜儀) with 

many ion guides
• TOF MS目前的應用

• 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…





• 質譜儀基本需求
• 先把待測物離子化、氣化
• 分離不同質荷比，即質量/電荷 (m/z)

• 偵測訊號

• 質譜儀分類
• 傳統—磁扇形分析器場 質譜儀
• 四極質譜儀
• 飛行時間質譜儀
• ….



• 電子撞擊法(electron ionization, EI)
• 70eV electron beam.

• 快速原子撞擊法 (fast atom bombardment, FAB)

• 化學離子化法 (chemical ionization, CI)
• CH5

+ + M  CH4 + MH+

• 光子游離法 (photon ionization, PI)

• MALDI

• ESI

Hard Ionization

Soft Ionization



• 電子撞擊法(electron ionization, EI)
• 70eV electron beam.

M + e- M+ + 2e-



• 快速原子撞擊法 (fast atom bombardment, FAB)



• 化學離子化法 (chemical ionization, CI)
• CH4 + e-  CH4

+ + 2e-

• CH4
+ + CH4 CH5

+ + CH3

• CH4
+ + CH4 C2H5

+ + H2 + H

• CH5
+ + M  CH4 + MH+ or [M+CH5]

+ 

• C2H5
+ + M  C2H4 + MH+ or [M+C2H5]

+ 



• Comparison 
• 化學離子化法  用手撥掉㇐個人的眼鏡
• 電子撞擊法  開卡車去撞掉㇐個人的眼鏡
• 快速原子撞擊法  開高鐵去撞掉㇐個人的眼鏡

Hard Ionization



• 光子游離法 (photon ionization, PI)



• 質譜儀分類
• 傳統—磁扇形分析器場 質譜儀
• 四極質譜儀
• 飛行時間質譜儀



• 質譜儀分類
• 四極質譜儀



electrodes detector



Let them fly away!!



Let them start at the same time!!



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



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



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



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



Let the ions with the same m/z but different initial KE 
arrive at the same time by ion mirror or reflector.



Let the ions with the same m/z but different initial KE 
arrive at the same time by ion mirror or reflector.



Let the ions with the same m/z arrive at the same time
by orthogonal acceleration.
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1x107 electrons x 1.6x10-19 C/electron = 1.6x10-12 C
1.6x10-12 C / 2x 10-9 sec = 0.8 x 10-4 A
V = IR = 0.8 x 10-4 A x 50 Ohm = 4 mV
With 5-100 times amplifier  signal will be 20 mV to 400 mV.





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



Dr. Sjuts Optotechnik GmbH http://www.sjuts.com/index.html



Diffusion Beam
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MALDI
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Flight Time(ns)

Xe excited at ~290 eV

Xe+
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Isotope Mass / Da
abundance 
(atom %)

128Xe 127.903 1.92

129Xe 128.905 26.44

130Xe 129.904 4.08

131Xe 130.905 21.18

132Xe 131.904 26.89

134Xe 133.905 10.44

136Xe 135.907 8.87
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Equation y = a + b*x
Adj. R-Square 1

Value Standard Error
C Intercept 2.49116 9.69431E-4
C Slope 6.87661E-4 1.22763E-7
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The Nobel Prize in Chemistry 1986
Dudley R. Herschbach, Yuan T. Lee, John C. Polanyi

Dudley R. Herschbach Yuan T. 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".
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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 Wüthrich (for NMR), have 
contributed in different ways to 
the further development of 
these methods to embrace 
biological macromolecules.









TOF MS
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9 ns, 20-30 mJ

5E-3 cm2

~109 W/ cm2











• Free electron laser, a tool for:
• Ionization.

• Excitation.

• Photo dissociation.

• …

• TOF MS, a tool for:
• Detecting ions with m/z values.

• Measuring velocity, flight times, and fragments……


