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E 1. Different ionization methods

Ionization method Ton type Sample type Separation technique
EIl M"", fragments Nonpolar and some polar organic compounds GC
CI [M+H]*, [IM—H]",M"" Nonpolar and some polar organic compounds GC
FAB M+H]*, [M—HI~ Peptides, proteins, lipids, carbohydrates, oligosa ccharide, LC,CE
nucleotides, olignucleotides
Thermospray [M+H]", [IM—H]", [M+NH,]" Polar compounds LC
APCI [M+H]Y, IM—H]" Polar compounds, drugs LC
ESI IM+nH]™, [M—nH]™" Peptides, proteins, lipids, carbohydrates, oligosaccharide, LC, CE
nucleotides, olignucleotides, low mass pol ymer
MALDI M+H]*, IM—H]~ Peptides, proteins, lipids, carbohydrates, oligosa ccharide, LC,CE
nucleotides, olignucleotides, polymers
Electron Ar
accelerating
. Gaseous
potential sample
inlet
{ lonization —L I :l: ‘ I ” H
space ) .
Filament P I ” - Ar
heater = IR s s foi Anode :
potential ‘l Electron — T T
discharge @ —_—
Cathodic -~ ?* ‘
filament Electron ‘5
electron trajectory )
emitter Extracting lens

Focusing lens
Accelerating lens

To the analyzer

18! 1. Diagram of an electron ionization source.

20] A FAHAE etk 71 PeEE AAE WEE
HEd WA £58 Il 7HESiEo] oY R FYH TR
g2 BAEAY FEE 7 o] 3T AdHo| o R
=h/mV) ol &FodA]e) AFHH1.4 A= 70eV). o3 3%
% o ggo] Az 5ol o AR RE A1 e
‘S, AR EEo] dofuir I SuA|7L Fehd ARl wEEch
8| 1] El o]29& 1802 FH3YTH

2.2 Chemical lonization(Cl)

Cle dtide g 25 274 AUAF AHE3te] o]&& st
& 7]&olt}. o]& AL fragmentationS THEo] Exjol2e] A
TEHE AAE 72 9T o]23Hde] SRSk 712012 &
B3t o] sl o] 7] o]&52 At HATEE] Al
87} o] &3 owN dojAy o]FL BAE0] FYUHH FA

o] &-& Agsle] MH' o] &8 At

2.3 FAB : Fast Atom Bombardment

Fast atom bombardment¥ FJ9AL 222 2 Yo Al
28 AFATIE 71eolt). ARE vFEA AAe] &3l AlAcL 3}
= o] EHolrk

2.4 Thermospray

A FHEAS TP Qe fd0] HRATO R FolA] 7t
4 & 2] UHEHE JFHE At v|Ash ER Axo)
et gAozHE FE5H o] 2F0] 715EE analyzers 39}
Al ok Axgold HhEolls o7 Y Sulig EHEEE 238

3371 Wil o3} Hef| Fige] Hojof 3t o252 HA A

DEAEL s A 17 A 3 3 2006€ 6€

18! 2. Diagram of a FAB gun. (1) lonization of argon ; the resulting
ions are accelerated and focused by lenses (2) In (3) the argon ions
exchange their charge with neutral atoms, thus becoming rapid
neutral atoms. As the beam path passes between the electrodes (4)
all ionic species are deflected. Only rapid neutral atoms reach the
sample dissolved in a drop of glycerol (5) The ions ejected from the
drop are accelerated by the pusher (6) and focused by electrodes (7)
towards the analyzer (8).

f
Quadrupole
Temperature sensor
of the eluting flow

-1

LC flow
1 0r2 mL min
——-

Temperature sensor

of the aerosol
Repeller

8l 3. Diagram of a thermospray source. The chromatographic ef—
fluent comes in at (a) the transfer line is suddenly heated at (b) and
the spray is formed under vacuum at (c). At (d) the spray goes
between a pusher with a positive potential and a negative cone for
positive ions. The ions are thus extracted from the spray droplets and
accelerated towards the spectrometer {f). At (e) a high—capacity
pump maintains the vacuum.

o A3 VAo olgdth ol23te X8| AsM BAT
gq-g] 131-0 ': (o] _,_g\,} Bl—z—]_g 3l o].__ 9};}

25ESI: Electrospray

o] o] AL AIRE tZ|gelA o slsle] 7|7 o] 2&
Agstth A 712G ~6kV) & AR Tk R /5
2(1~10 pL/min) H=o) Ao} 10° V/im FE] A713-& 44
gt} o] A7PEE BEAT Eoll YA A x| HstE 53
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alo] o] AAE BATTE FHoR FUE FS {5 JkrE &
Zeo|2FEe] EFE 51, o] ¥E2 /IEE HgY VA =
= 7199 2SS Falo] oA SHEAE AATH.
2zgols 249 Ao 2RH AR gujjo] EHgHd 9
P W AN e 7 FHE Hrvt Al Adelde
F2€ dstel] sl o] Wk, ¥R o] FAA 2 €

Uz Zog 7 Too)] Wty AXHo|r} AJRE) whee] gufr}

ZsPaA] Wheo] AR EoE1, o1& WEelXE coulombic
force7t B H&Y #4be At FR o] ZoiAl |
o} e 2] Ar)de] $E3] AW EHA o]R9) wzlo]
dojudt}. o] ol <] DAL W) EelM Jojez 7t
T I 450 whge] By gol EAlske AYFE Frh
Z, o] ¥ISAYTS 250 ok

2.6 APCI : Atmospheric Pressure Chemical lonization

o] 0|23} WPHL 7159 7EAAYE Y o] A} he-g o8
o} o] e F2 FAJojuA] Exto] ¢F 1500 Da ©J3ke 7%
© B4 FE A 85 Bieolo] F2 FAA {49 EHE
AL Ax FYsk= T2} liquid chromatography 2% 0.2
oA 2 mL/ming] $52 FYE F 2 £59 A4 o2 HE]
sk iz AgATt e A 7kAEEe g3 7tdE 4
FRE(F2/FL chamber) ol FolA Fdo] dojuiAl et o]

+3 to kV, ions+

N2(80 C)
|
|}

lj Nozzle
Electrospray

Skimmer
Metallic capitlary }

Analyzer

»

™
-

XX

Pump

Lens

N»(80 C)

% J
Electrospray Sheat gas

metallic flow Heated capillary Tube guimmer
capillary fens
& 4. Diagram of ESI source, using skimmer for ion focalization
and a curtain of heated nitrogen gas for desolvation(70P or with a
heated capillary for desolvation(bottorn).

Spray temperature

sensor Skimmer '

Heater N> /

107° Torr
—P» Analyzer

Nebulizer gas

Pumping
Corona discharge

2@ 5. Diagram of an APCI source.
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- -
aih‘e]

Proton transf;er

-} Matrix

[ ] Product
18l 6. Diagram of the principle of MALDI.
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AEm o] o] Fukd Rulje} FEI TRA ¥k o] &&
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2.7 MALDI : Matrix Assisted Laser Desorption/lonization

MALDI= 7 YAZ o]FofR|& o3}t Wiolt). A WAl
THEAT HolA odRe] Fek F5F Holw nEYA Rty B
g9 22 FARY FISRES AloM I EFES TN 1
A BHEA-EYA ERES gt Aot} o7|A BHE-L )
EgA Aolof] gEA AR FojAA] TAEA Fok FHA 9
T 22 7719 7% HolA HAE AR o] TAETLES v
sz Aotk o714 HolA= AP WE 7S dod3n 7t
¥ Bk MEHA 5o 8 EAEAE A% JHE B
7P Wi-elluR7E $49E22 Atk skAIRE ok2] MALDI
o olal) QA= o253} dlAUFe] &3] g2 i)

29 A+ 0)E-2 “gas—phase photo—ionization”, “excited—

state proton transfer”, “ion—molecule reactions” S°}t}. 713
tlo] HlolEodR| 31 3l 0] {E- A7} photo ionization® 7]
AHE B TR BHEAR $iole Hgo] dojus
Rolt,

3. HE 24717
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o} ol&glo] Tk AAY AREMYV1e] BF @ Tl

Polymer Science and Technology Vol. 17, No. 3, June 2006



B49719] A7HA] S23 AL AH 74 A9 (upper mass
limit), F3&-& (transmission), 3F (resolution) o=, 74
Aol ARE 5 Qe m/z ratioold 7HE B2 gk gt
o] 2t& Thomson %+ atomic mass units(w) 2 E@E} 53}
Agold ol gHE HEV| Tk o9 vl&E owst
W Ealsol#t 22 AR AR|RE F olg AR UE AT
T2 F e 78e v QE 7).

749 H)3 Ale)9] AlFe] 10% o Eal=e] 2127, magnetic
IEE jon cyclotron resonance 71719 ZA-¢ F709] T30} £
oot HFEH, quadrupoled) 4 F A Alo}e] AlFo]
50% ol Eel=Ee] 9o, Tl 3t el AR 1
A}, 8% (resolution) & m/6m o2 ¥ 7|4 sme F
93 m3} smo] BAHREHW 7M. F Qe 7HF 2R A Apo)
olth, T3t Feld ¥39 FdleS FF vaxeld] ¥l AA
o419 full widthZ E@€rch

3.1 Quadrupole Analyzers

AR 2471 1950155 electron ionization &€
3} A AREEoH AT S E3HA AMEH T Sl AR
A71710]t}. H2oll= electrospray ionization® APCIS} 8] A

Peaks resolved
at 10% valley

4

»

m/z

Peaks resolved
at 80% valley

Intensity

>

my mz m/z

100% 4

Intensity

2x%
X%

218! 8. Relationship between the two definitions of resolution.
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25o] gol AT ek 43 B & o) A1) 5] 3
Pl I Gz golo] AFIAIY TR Tl
W &3 Zog Felha, ojul, Jo| uiH o)2o] WS vhp
A Bk 25E we o)A ol29 o) FFEE F W13
3ol oJs AR, o] A7V ARl B AL ah 2
B,

&=+ (U—Vcosat) and —Py=—(U—Vcosant)

@y AR A A

®: 2nv : angular frequency (rad/s) and v frequency of
the radio frequency (RF)

U direct potential (500—2000 V)

V: amplitude of the RF (-~3000—-3000 V)

AEEFARE o)29] ARE AEEAY SRR HolA g 5
S 7 Uk U7 001, V ogkell o) 2AE 48 dF
oS IR BE o]25S AT ARE ] d A
Ao} ol T4 Bg BF= ol FE F o] o8] FAEE
Fole &t Atk

AR BV QR 71539, RF ARk ‘2 &
etk FE7keE T AR WRE(Q2) B0Vt wEelvxE
U2 vite] 1 ol B8 Hedie] o)ko) 7
A 1 27 Q3eA EAEn o8 =23kd 1¥e] 8

2ry

oro

o Quadrupole

Lenses

Source Detector

10V —(U-V cos af)
—1ov -100V (U=V cos wd

18! 9. Quadrupole instrument made up of the source, the focusing
lenses, the quadrupole cylindrical rods and the detector. ldeally, the
rods should be hyperbolic.

\\g/

D
l i Quadrupole
po X Op=U—-Vcos wt!

18! 10. Quadrupole with hyperbolic rods and potentials. The equi—
potential lines are represented on the left.
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110]c},

2 7R ME OE 08 o255 A F 4= glon] HY
L3 AAREE J8 120] 2238l 2SI AR A0
EF QloM ERSR miaE Ze olg AEsied g2 we-S
A, Zzko = e % Q3¢lM ©] fragment ionE-S A7
2102 o]E “product ion scan” T+ “daughter scan” 2 & &
ok A A= Q3o AEE 5% o]g e ERt o) o]
25 U FolREE QloA Agishs Hhioln). meEhA] o] Wi
o2 2L fragmentE U= EE precursor )5S Fopd
1o o] ¥PH-& “precursor scan” ¥ “parent scan”olEkal
2c}. AWA 9= “neutral loss scan™]gly BelE Zog F
o9 AFRMAE(QL, Q3) oA FAl Afehs Z e F o]
29 A7} AAT o] EE F= WHOE €5 5 AN A
F4971QD AIA me ol&& Fu, F AR FAHEA71(Q3) oA
m—a ol&& FE Fo8 sEbe Aoy} s o RES MY
Aog ol Wl & glo] B8t ko] mlelETo|EES Fohle
clinical application®ll 8% < it} o] WL “neutral loss
scan”o|glal -2,

3.2 Quadrupol lon Trap

Ion trap A#E47)= tandem AFEA7|7F A SR} Alo)2
HAE T Z2E ne) oS &9 AW k= A 2
g Y Furg AESA Bee] dahs o]E ot ¥y
2l 2N Ion trap?] 718 183 L vlZ o] A9E o]
2.0] Bajo|n, By o)L FE=7) o] 93l fragmentation B

| |
> | ® l

2 11. Diagram of a triple quadrupole instrument. The first and the
last(Q1 and Q3) are mass spectrometers. The center quadrupole,
a2, is a collision cell made up of a quadrupole using RF only. The
quadrupole mass spectrometers are symbolized by “Q” and the
RF—only quadrupoles by “q”.

ko ofy

o

Precursor Fragmen— Fragment
Selection tation detection
MS1 P> CiD — MS2 %

Fragmention or production scan

Precursor Fragmen— Fragment
scan tation selection
MS1 %" — CID et MS2 e

Parention or precursorion scan

Precursor Fragmen— Fragment
m scan tation m=a scan
MS1 % 1] CID ] MS2 é

Neutral loss scan

8 12. Different scan modes for a tandem mass spectrometer ;
CID =Collision induced dissociation. :
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Analyzer
Field—free region
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/
}x !
Source '

fry
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+20000 V

Positive ions l Detector
)>‘ —20 kV

d

& 13. Principle of a linear TOF instrument tuned to analyze positive
ions produced by focusing a laser beam on the sample.

o v 247] glolE multi collision—induced dissociation
MS?, MS™.)& 7Fs 81A sk #2) LC-MS/MS B2 oJA)
79) routine A ALt

Quadrupole ion trap®] &= o AL 2L 779 o] 22 &
obA FAAIIE TR 1 AT FEHt mle- EE A8 =
= 91T}, Quadrupoel ion trap< #2ol electrospray ionization
3} MALDIS} Z3lete] @] gRlo] gol o] 851 gich

3.3 Double-Focusing Magnetic Sector

MagneticE ©]€8 ¥ orE o]Fo] A7l g3l 2717
£07 7158 ojy) o2& o2 & AIAE A7), o2
o] m/z #ell &S AAE 2 4 T8le %52 A "ok
2A714E 270 HE7e BBl o)REE FYEREoEH
mass spectrum-a ¢ETh Magnetic analyzerE ARF3R=HIA 2
= @AEQ e Balsg Z2Ealy] 93l electrostatic analyzers
ZAgtslo] double—sector instrumentE TFE] LW, ©] electros—
tatic analyzer”} kinetic energy filter 2 2838l A&7 =&
3R o] &9 kinetic energy & wdsHA FOEA FaleS Y
A)Z) 717101tk o) 7171 2 FABOIW, EIg} 2 A= o] AR
EHu gloh

3.4 Time-of-Fight Mass Spectrometer : TOFMS

Linear time—of—flight mass spectrometer:= 7} 7+&3st 2
FHREA 712 MALD], electrospray ¥+ gas chromatography £}
dA o] Yokl AREETL 9101, o) BE o]2E0] 71&7
Al 2 oA E W1 A7) G EA THHE o] |
A, FAL o2& Ul FHese delof s 2Ede st
£ Zlo|tt.

Kinetic energy (KE) =1/2 m#, 9714 v=(2 KE/m)?o|t}.
webr 0] 29 AZVIHA] Eolr ks SR (m) ol vhalgstn A
THHE () o) Wt

Linear TOFMS?9] 7} & @2 32 Edlzold ole o)L
73 pulsed] Ao|(ARY £3), AYE o9 F-u=7](F3F 3B
3 0]2F 9] kinetic energy?] Aol (FoldA £3F)FllM
710%ch Digitizer =3 Bl JFEE ok o 2
Qlolt}. wahx o] HHEE /3P| flight tubel] AolE &
o)1, electrostatic reflector (reflectron) 2 AFg-31= Zlo]th Re—
flectron< grid series$} ring electrodesE AMESh= 202 o]
E9] oA B3/t tEEAE mat Zod s 29s 124
stof 2FoAA] o gt e Félls-S Fole Aotk Reflec—
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—-3000 V

Source dse —-3000 V +130 V
) o
e
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»CM -

IR RN

A .

Detector =
—-3000 V i )

8! 14. Schematic description of a TOF instrument equipped with a
reflectron; (M) ions given mass with correct kinetic energy; (O) ions
of the same mass but with a kinetic energy that is too low. The latter
reach the reflectron later, but come out with the same kinetic energy
as before. With properly chosen voltages, path lengths and fields,
both kinds of ions reach the detector simultaneously.
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8 15. Tandem mass spectrometry with combined linear and
reflectron TOF instrument: (@) bundle of ions with one given mass
leaving the source; during the flight, a fraction of these ions frag—
ments (@) survivor ions; {®) fragment ions. Those ions fragmenting
between the source and the reflectron are called post—source decay
(PSD) ions.

trong =202 Tt OY 149 Zth

Reflectron TOF 7]71& Al&3le tandem mass spectro—
metryE AT 4 9J=d| ol= OB} 159 vJEbH RAAH linear
mode %} reflector mode® A3l AM3H= Folt). o]29] frag—
mentation®] 7H53} o]%F doju reflectron®Z product ion3}
neutral ©}-2o] 01742 u), reflectron®] 73 3199 o]EL2 pre—
cursorol2E3 2 kinetic energy® 24 H9, reflectron®]
AX JoW o5 & kinetic energyE ZHAl Ak mWEHA o]
£ E4(linear, reflectron) spectrum= H|23-& |, reflectron
ofMs T Y, linearolME BAER] @& ol &0] vIE post—
source decay (PSD) -8 2483t fragmentE°|t}.

3.5 Fourier Transform-lon Cyclotron Resonance

olAEE AR FETh o9 o)lF&Er) Wi, &
o] AP 245 A= FAe] Foprtk T3]3 1 o] &2 x}7]
Aol 4 Az A3)A Dtk ©)A9] ion cyclotrond] 714
otk 1o £ 2 271 BRI Xof| FYUE o] F=qvB F
=m#/re] & Lo o] F 39| o] oo HATeA
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8l 16. Signal intensity as a time function is transformed, through a
Fourier transform, into intensity as s function of frequency and
hence into an intensity to m/zrelationship.

A} A7ARIA aEE AESES BESE R0 0]9]
AEE 189 &2 o]= F<t pulsed radio frequency® ©1E-&
&7] A7t} RF 937 o}&0] AZ 7Fs¢ A7 (image current)
£ WBIEE FEtk o)gAl A3 image current= 422 m/z
of] sjFsl= F3l 2 Fourier—~transform ¥t} #Zoll= 12 TY
Aol EUEIE o] 71ed w2 H3lisS Al st opzt
multiple collision experiment (MS", nA4) 7} 7531tk FT—
ICRMSi= Hlole. B2 #4oe MEA 538 7ol 314
9 2 A¥o] A4 o] FAHUEA tEs AR o E 0|23
(MALDI], electrospray, APCI, electron ionization) A% o] A}
£51 3lon, B2 Fale 52 AYEE T2 girh

4. Detectors

ek o] o] AL 7]7)ef s} Ee=d o] 2HE7]) B3
gt of oj2Eo] AEE TEC P Pol AHE AEE
electron multiplier 2 ©]&-2] 2-5o=|7} & WA HAE W&
sl ARS-ETh

4.1 Electron Multiplier

2 71¢] dynode A2]ZZ 0]F|F electron multipliers ©]
20] A dynode?) < W AAE WEstL oW PHE HA
7} 5 WA dynoded Wizl o] o] wHEEe] A E FFA
ATE 9 5 YA 17 ).

4.2 Faraday Cup

o]2°] Dynode? E¥S WZA secondary ionEe] HEH 1L
o] Azl ¢=1EQl W] MRS FEh o] AEV|v AEE
oz}, 52 e it toleranced 73 Slth

4.3 Array Detectors

Bas AAHF Ado] wefl o] /) E8 U= Feol A
9] AAL 4~25 ym©]iL center—to—centerd A#= 6~32
umo]THAR 18). Ak FEo] AdS 9 Qe ¥=A B4
o 2J3) ol 2olAH, AR} Fole] QFEO R FH5S v
= 98 it

4.4 Photon Multipliers

o} A&7+ F719 conversion dynode$} phosphorescent
screen 123l photomultiplier2 F3Fo] o, ol 7
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+HV Conversion dynode
Negative ions

Electron mulitiplier
With continuous
dynode

Quadrupole

—HV Conversion dynode
Positive ions

Amplified current
Towards electrometer

8 17. Electron multiplier.

18 18. Cross—section of an array plate and electron multiplication
within a channel.
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8} 19. Photomuitiplier.
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28l 20. The top image represents a portion of a two—dimensional
gel electrophoresis analysis of E. coli sample scanned with the
molecular scanner. The spots’ intensities are related to the ion
counts on the MS instrument and could be seen by “MS” staining.
The lower image is a three—dimensional view of the top image,
where the separated proteins are automatically identified and shown
with their MS peak intensities. The circles highlight clustered peptides
with no identification by peptide mass finger—printing.
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118l 22. MALDI-TOF mass spectrum of an equimolar mixture of four
proteins with ion detection using an MCP detector.
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118! 23. MALDI-TOF mass spectrum of an equimolar mixture of the
same four proteins shown in Figure 22 obtained using the Mac—
romizer® cryodetector.
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