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1. Mass Spectroscopyll Jl= &¢El

o At & =XE JIM &t (high-vacuum region)0ll A Ol 2 3tAIH St& Y XH=Z A £= & XHO0M
CHet 2 &(mass/charge)= = & 610 molecular weightS Z2&ot= 28, O U0t =&
ot #AE I o =2 A S #HEE = U= LHY

e E S IESIET

Rl

NEEdR ~|> Ol23tF > 0|2

lonization Mass lon
source analyzer detector

' ' m/z 263
§ Sampue¢>-,, . | Data gAX®

. inlet ‘ _ E ' &G | system 7!
Atmosphere

/ vacuum l High vacuum ,

Figure 1 22 =47(2] #4
> Functionl. E& = high-energy electron®& 326t 0|23tAIF|1) electric field
OlA Jt53HAIZ: ionization chamber

» Function2. Jt=3tE 0|2& magnetic or electric fieldOil A 12! 2 molecular-to-
charge ratio0fl it =cl.

> Function3. £& molecular-to-charge ratioE JtX|= O0|2& detectorllil A =01,




electron beam T
M - M7 + e”

molecule molecular ion
(a radical cation)

11l |

, n
{-—’j fragmentation ‘\)

Mt (M-m)T (M-n) T
q+
- | . D

A_/| fragmentation A_J| fragmentation

(M-m-q) (M-n-p)F

Cations detected by collector: M¥  Mmyb M)+ Mapt ot

> Most of the instrument is designed to detect cations.

> most fragments have a charge of +1,

> the M*- usually represents the molecular weight of the fragment.
> spectrum: relative abundance (signal intensity) vs m/z



2tef =2 mass spectrum 0

CH,5CH,CH,CHNH,COOCH,CH,
g 100 1 Methionme ethyl ester MW 177
=
E .
2 50 5
g ] -COOC
g R
i Ll L

20 L0 60 80 100 120 140 160 180
mass-to-charge ratio (m/z)
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2. Mass Spectroscopyl £
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3. Ionization Method

% BHA Ol 8t H(standard method): EI, CI

% H0|23tH (soft ionization):
el 380|238 (Desorption Chemical Ionization, DCI),
Ol Xt0| 23t (Secondary ion, SIMS)1}t 1)=& K= 2 (Fast atom bombardment, FAB),
IHESHASZX IOl E= 0|23 (Matrix-assisted laser desorption ionization, MALDT),
Z 0|23ty (Field ionization, FI)1t & & =H(Field desorption, FD),
Electrospray Ionization (EST)

o1 0l23t (Atmospheric pressure ionization, APT)



From sample sysem

Repeller plate l l

MEA 7Iletgi= 0l=25H0 HE Sl AIEEH L) =2 Z0|2E 44
IINAEHS ANIEE2XNE F2 JIEs HelHEZRH YHEL=

o Ol=2st A&

H ol2FUHUHXI(OI2SAR)E == 0lse ?x"*_t.'_Oﬂ EE82 F&= 2A0I22 2
UL JMA0| &2 HollE 0|22 MH &=0| €2 HolAl 2= FE0 AJ| =Y.
XS UK > &A1 I &&E > X Ig(molecular ion, M\*' = M) d4 > (4

=0l @0 H =20l2 (fragment ion) &

2ol HIUKIS JHE M- = 28O U8t 2

EI-MS ABE2 0= @2 0I0I3Jt =

RO AEED M0l T 0| YO H2| AR,

SXol HHAOl Y A2 MO LIEIUK QDI 3t T P—
5| oba Al BHOIE = o NENSH, ch

25| oAl SHOlE & gls P& AS. TEANR

SHO| HILE $ 2L S010{0F & =TS



B. Chemical Ionization (CI)

CH, + e — CH,"" + 2e” Equation 8.1
CH,™ + CH, — CHs" + -CH;4 Equation 8.2
CH, " — CH,* + H- Equation 8.3
CH,* + CH, — C,H5" + H, Equation 8.4

The sample molecule M is then ionized through the ion—molecule reactions in Equations 8.5 and 8.6:

M + CHs" — (M+ H)" + CH, Equation 8.5
M + C,Hs" — (M + C,Hs)" Equation 8.6

« EIZ2C HIwH 286t 0|23 &
A2 IIXl (reagent gas)cty) ot= S& JIME 0.1~1 torr B &2
2ot 0lE X2z WU XKIE JISHH AYIINZREH H2 02
Ol2E0| NEEZX2 SE5I0 O|2-ZXESE LOoH ANSENE

- =20/ HluA HEHO0I00F &.

.

un 02
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C. Desorption Ionization (SIMS, FAB, & MALDIJ} &)

0

10 Mass
* At = Beam &7F: analyzcr
. + + _
% Cs* or Ar ‘ Sample ion o 6 Proton
FAB: Ar or Xe, o & [ tanster
MALDI: UV or nitrogen laser Incident beam ) )
Cs*(SIMS) O+_ i S (i
‘ | Xe (FAB) o Jo° ° ample/matrix
Sample molecule ‘ 00, 0 E
@ [ ¢ hv (MALDI) 00.0*8 o o C;oo clusters
o Matrix molccule f : /4
__________________________ b
Selvedge
Y S region

FIGURE 8.5 Schematic representations of desorption ionization techniques.

- HIFgd DEL Ol23HE

=2
« SIMSZ FABOIA &0lE= =Xt 0l=2 EEl: (M+H)*, (M-H)-, (M+Na)*, (M+K)*



D. Electrospray ionization (EST)

Capillary tip

Oxi1dation

Electrons

"
(‘T‘\ | ++ !
F F + +
#+ @ +
- . ey 3
e N Reduction
% e
o N
~
e =
, , SRR AR
I'ield evaporation: @‘4_ +H — Q+++ -
+ 1 ++4/
; 5 J+p FF_:Q
Coulombic explosion: ";L+"_"_+) P
+/ hH

High-voltage
power supply (2-5 KeV)

Electrons

FIGURE 8.8 Schematic representation of electrospray 1onization (ESI) showing both field evaporation

and coulombic explosion. (From Gross, J. H., Mass Spectromerry: A Textbook, Springer, Berlin, 2004.

Reprinted by permission.)

100-1500 A0Sl M=Xt otefE Ol=23stE s

Thermospray ionizarion (TSI)1d S Al
HIIMEH HH O MEF= JtotH MUK HEGHH OIME RELE =R5=

« HO & 2&0|2=2 LC-MSOl EEot)| HE

Il DX, S0 2OHE, 24 5182 0123HA1310101 DI 2L O S5 Al

F

= &l
S0e.

Ol =.



4. Mass Analyzer

* mass analyzer2| &%
A. magnetic sector mass analyzer
B. Double-Focusing mass analyzer
C. Quadrupole mass analyzer
D. Time-of -Flight mass analyzer

* MSO|S: ionization method? mass analyzerOil 2t & ol &
ex) MALDI-TOF-MS, ESI-Quad-MS, ..



A. magnetic sector mass analyzer

FH&8E £F U

*m:ion 8 &, v: 022 55, e: 0|22 &al, V: 0|2-Jt5ES= A0 2 & 2kt

< =gV

* Magnetic fieldOll Al charged particle2 curved flight pathEZ &% & = UL}

my L.
o= 7  H: strength of magnetic field
¢
* r. radius of curvature of the path Magnet R B
o Lighter ions
St Slit
Electron beam
m  H2%?
€ 2V
|
Sample
m/z p

Repeller
plate

Ionization
chamber Computer <

@ 2006 Brooks/Cole - Thomson



C. Quadrupole (mass filter)

compact, less expensive, low scan time (<100 ms) - by 5-15V
—  acceleration-pass stability of ions, mass limit 2,000

Target+ 70y Sample lons

Quadrupole o
————— Multiplier

Repeller |

& Lens stack

e _VE

Filament



D. Time of flight (TOF)
v=(2Vz/m)!/2

Time 1 e Time 2 < Time 3

lonizer
e 20 ®°, ] o
b . L ] . ——
Sample__- o+ °. o Amplifier
gas | | N . L ] - : e
1 3 4 e ® -
Pulsed Transducer Oscilloscope
accelerating output

electrodes



5. Mass Spectrometry Ion detector S~

Al 2¢
=

1) Photographic Plate

2) Faraday Cup detector

3) Electron Multiplier

4) Photomultiplier Detector

5) High Energy Dynode Detector
6) Array Detector

7) Microchannel Plate (MCP)

=

» 6C-MS: GCIt Mass SpeclOll &2
» LC-MS: HPLCJt Mass SpecOll &

242 Sdtet 0l=20 Uoll HIIE M=

\J

— ELECTRODING
(0N EACH FACE)

%\l
1 |
FLASS L CHANNEL S
STRUCTURE
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If e —
SEWA TN TING
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ELEC
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CERTRy e i ~

n
n [ L*'.
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5 J
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Z Mass SpecO| detector2l 9=,
@)

= Mass SpecO| detector2| S .



6. Determination of molecular weight

> ion massgi= 2 0t0F &tLt. (exact mass # (molecular weight = &&= chemical atomic
weight2| &))

> Mass spec= most common isotope= & = ot= &2 heavy isotope= & =ot=
Ho Y s
O T = o

> ion QF 2 molecular weight: 60
fragment ion1t M+2 o IR

> molecular ion peak (M+) &0I6t= R & C,HsN, 60.06884
1. isotopic peakX|2/5t1) Jt&E highest massJt M+ gﬂjﬁiz 2883;12

2. isotopic peak= == M+ peak 2L} lower intensity
3. Nitrogen Rule:

2= (no nitrogen £ 8!) &t =7ol= S &2 Mass = &=+ mass value
£+ gRote =222 Mass = = mass value

2 HL: isotopic peakIt SEEA

H
w
A
(e M
Q
(_)'ﬂ
no 30
4o

Q.

ehydration0| & 20 & > highest ion peak + 18
acetic acid (60)E &l &4 S > highest ion peak + 60}

[10 oo
o 0z
[

I

Acetatec

O0tCH £ 0| &t fragmentation pattern= & X0l O0F &

Ikl

(=]
=



A. Precise Mass Determination

To determine intensities of M+1, M+2 peaks

N-methyl-p-nitroaniline

ol &) '°\ /
/N* NH
O/
C,HgN,0,

Exact Mass: 152.06
Mol. Wt.: 152.15
m/e: 152.06 (100.0%), 153.06 (8.7%)
C, 55.26; H, 5.30; N, 18.41; O, 21.03

M+1 peak intensity = # C x natural abundance(%) + # H x natural abundance(%) +
# N x natural abundance(%) + # O x natural abundance(%)
=7x108 +8x0.016 +2x0.38+2x0.04=28.57% of M+ peak



* Table: natural abundances of common elements and their isotopes

Element Relative abundance

Hydrogen H 100 °H 0.016

Carbon 12¢ 100 13¢ 1.08

Nitrogen 14N 100 15N 0.38

Oxygen 160 100 170 0.04 180 0.20
Fluorine 15F 100

Silicon 285 100 295i 5.10 30si 3.35
Phosphorus  3'P 100

Sulfur 325 100 38s 0.78 3s 4.40
Chlorine 35C| 100 37¢l 32.5
Bromine 7Br 100 81gr 98.0
Todine 1271 100




B. Relative abundance of Cl on molecular ion
35C|: 100% 37Cl: 32.5%
M) (M+2)
For compound with one Cl: M/(M+2) = 3/1
For compound with two Cl: M: 100%, M+2: 65%, M+4: 10.6%

Compeound with ene chloride

r Cl
relative 1
abundance (M-n-Cl)+

M-+ \
VI
(MV-nt+2+

'z (nve)

(M2 H




C. Relative abundance of Br on molecular ion
Br: 100% 81Br: 98.0%
M) (M+2)
For compound with one Br: M/(M+2) = 1/1
For compound with two Br: M: 100%, M+2: 195%, M+4: 95.4%

Compound with one bromide

Br

relative
abundance u
(M-n-Bri+

(M-nH (Mn=2)+ \

| M+ (M2t

m/7 (m/e)



Table: relative intensities of isotope peaks for various combinations of

bromine and chlorine

Relative intensities

Halogen M M+2 M+4 M+6
Br 100 97.7

Br, 100 195.0 95.4

Br; 100 293.0 286.0 93.4
Cl 100 32.6

Cl, 100 65.3 10.6

Cl, 100 97.8 31.9 3.47
Brcl 100 130.0 31.9

Br,Cl 100 228.0 159.0 31.2
Cl,Br 100 163.0 74 .4 10.4




Fragmentation Patterns at Functional Groups* - to determine
Molecular Formulas

@ Alcohols
* Phenol (MW=94) & &=

Molecular ion peak (M+): strong
Fragment ion: M-1, M-28 (= M-CO), M-29 (= M-HCOe)

e

100 —
MS—MHW-30E0
20 —
=,
-~
e
Q50—
4
£
q
o
B d0- M-28
e M-29 *
¢
0 \ M ||| |||I| .||| ' ]
IIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII| IIIIIIII IIIII|IIII|III|
10 20 20 40 =0 0 70 a0 a0



®). Ethers

Molecular ion peak (M+): weak
Fragment ion: a-cleavage, M-31, M-45, M-59, etc
m/z=43, 59, 73, so on.

I C|3H3 : TH3 M_15 (|)H3 {!: (|:H3 CHs
HsC I(H: : O——G—CHs HC=—=0——C——CH, HC|)—__OH+
| o -
Mw=102 C3H;* (45 m/z)
100 —
MS—MNW-000&
B0 —
o
2
T B0 —
=
< v
=
S 40—
aj
(i
M+
20— ‘ M-15 *
I:I IIIIIII|‘I|I H||||ili|! ! :I||||||I!I!il!IIII|IIII|||II||||||||||||!I|||||||||||||!II|IIII|IIII|
o 20 =z

1



©. Aldehydes for aliphatic Molecular ion peak (M+): weak
Fragment ion: M-29 (= M-HCOs),

buTYr'aldehYde : 0 M-HCO M-43 (M-CH,=CH-0s) m/z=29. 44
| = [ J
CH3_32—|—CH2—I—|C|3—H — H-CEO"' . CH3CHZCH2.
125 n!\ /7 a-cleavage 29 m/z
B-Cleavage: CH;CH,* + CH,=CH-Oe
H H

- ] _
> \C}Q/ <o R +
McLafferty rearrangement — |T +  |cH,=ch-oH]®
CH
‘ Ty Y Ny 44z
B0 — “r
&0 — “' “'

40

100 —

Relative Intensity

20—

TTTrT T TTITT T IIIIillIIIIIiIlIIII|IIII|I II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|
10 20 20 40 o0 &0 70 g0 a0 100 110 120



©. Aldehydes for aromatic

Molecular ion peak (M+): strong
Fragment ion: for aliphatic: M-1, M-29

(CeHe")

v
100 7 *M (106)

105
7
80—
3 @,CﬁH
=
(1]
o
o
3
2 60 M.W. = 106
[)]
2
——
©
(1]
o 40—
20—
-?Illll I|”|T - .I LI TIIII : |! lll (e [ ; i I
15 20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110

mle

FIGURE 8.29 Mass spectrum of benzaldehyde.



D). Ketones

Molecular ion peak (M+): strong

Fragment ion:

for aliphatic: M-15, M-29 (=M-ethyl), M-43, m/z=43, 58, 72, 86, etc
for aromatic: m/z=105, 120 M_29

v

100 —
ME-HW-5500

CH; — CH, — C—CH,

a0 {}

Felative Intensity
o
]
|

Ia
i
|
+

20 —




D). Ketones

Molecular ion peak (M+): strong
Fragment ion:

for aliphatic: M-15, M-29 (= M-HCOe), M-43, m/z=43, 58, 72, 86, etc
for aromatic: m/z=105, 120

‘ - = . +
* , H_ _R _H |

acetophenone 77 o) (cH 0
| | ] a

Coe ™ CH . ~
0 * O = O/ ol
Il
C 105 CH,
80~ “CH, L J L J
. m/e =120

60

v

s Mg ) C6H5CO+ : m/2=105
| |I| I ||“|| P I

20 \
'I' lll A F— T - 1 O .

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 ‘IOO 105 110 115 120 125
m/e

‘trometry

100+

Additional| a-cleavage

Relative Abundance




®. Carboxylic acid

Molecular ion peak (M+): weak for aliphatic, strong for aromatic
Fragment ion:
for aliphatic: M-17 (=OH loss), M-45 (=COOH+ loss)
m/z=45, 60 (McLafferty rearrangement)
for aromatic: M-17, M-45, M-18 _

H 1+
R\CH <O ’ R\ / " i 1+
— ”C + | CH=C-OH
o |

CH
VX
100 M3-Ih-0362 | R/ H, i R/C\H i O |
20 Butyric acid 60 m/z
Mw=88

oy
o
|

Relative Intensity
I
pan]
|

N v
Ll

D IIIIiIIiIlIIII|II! III!iIIII!IIIIlIIII!IIII!IIIIIIII! IIIIIIIII|II!I|

T HT T
10 20 Z0 40 =0 s0 70 20 a0

m,/ z



®. Carboxylic acid

Molecular ion peak (M+): weak for aliphatic, strong for aromatic
Fragment ion:
for aliphatic: M-17 (=OH loss), M-45 (=COOH+ loss)
m/z=45, 60 (McLafferty rearrangement)
for aromatic: M-17, M-45, M-18

100 135 M (152)
0
g
s OH
3
& 60—
g OCH,
2 M.W. = 152
o
£ 40
QO
o
J
107
|| | N 1 PR ) M |
| R . | I 1T T 1

35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110115 120 125 130 135 140 145 150155
m/e

FIGURE 8.38 Mass spectrum of para-anisic acid.



®. Alkyl halides

* Strong M+2{ Cl: M: M+2 =3:1
Br: M: M+2 =1:1

Fragment ion: loss of Cl or Br, loss of HCl, a-cleavage

v v

M (64)
29 1001
100
CH,CH,CI
g o 80 M.W.=64.5
| =
©
E M (108) g
2 108) p42 i
< %7 Br—CH,CH, =
@
Z M.W. =109 §
5 2 4
C 40 E 40
D
o M+ 2
20 204
'! AR N AR MY T A P I i Ifh — bl T
20 25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 10 156 20 25 30 35 40 45 50 55 B0 65 70

mle m/e



®. Alkyl halides

Relative Abundance

* Strong M+2 {

C
Br: M: M+2 =1:1

I: M: M+2 =3:1

Fragment ion: loss of Cl or Br, loss of HCl, a-cleavage

49
100

80—
60—

v

20

Cl—CH,—Cl

M.W. = 84.9 '

M+4

Relative Abundance

3

100+ ’

Br—CH,—Br
80

M.W.=173.8
60
40+

v

M+2

Viy

M(172
( )M+4

11

T T 1 1 T T T T T T 1T
60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 1
m/e

|l|. III. || |

| I | ! I
20 25 30 35 40 45 50 55 60

mfle

I | I [ I
65 70 75 80 85 80

T T

1 T ]
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7. Liquid Chromatography-Mass Spectrometry (LC-MS)2 &cl

o GC/MS2t= Zl LC-MS AAE 2 28 S0 483 €« LCe MUaf, MS=

N E= L= &2, MS= &M 100 7 35050 =& T == Dot

— o t,

o LC-MS &=
- Thermospray (TS) LC-MS
- Electrospray Ionization (ESI) LC-MS

- Atmospheric Pressure Ionization (API) LC-MS
- CFFAB(Continuous Flow Fast Atom Bombardment) LC-MS S0| JH& &



8. Liquid Chromatography-Mass Spectrometry (LC-MS)2 SE

o LC-MS= &4, &S (high sensitivity), &84 (selectivity) S8 EH=Z
2O 2 AWM SRE T2 AIES

=& (lead candidate)= ZJ| ?I et drug discovery =HH Ol A
=

= 22 (1) target identification (2) lead identification (3)
lead optimizationO| &.LC-MS= &8 && Stef=2] &I=6t 2

=

SEO0INANEYH st X240 OIZ2J[DFAl CH

|O|:-‘—'-

ol

HE 210l Al proteomics,
glycoprotein mapping, & A= &2l & A3cElE, combinatorial/medicianl
chemistry support, in vitro/in vivo drug screening, LAl &+ E & Al S2| 0
ZOHH SEEHAHXI 2 UAS

.



8. Liquid Chromatography-Mass Spectrometry (LC-MS)2 & 0i(1)

: A res, 19-37

=k
=
o

M=1783 res. 6070
2 80 M= 1351 res. 130146
5 o } M= 1902
E | res 46-59 rog 112127
% 40 |.I [H M=1751 M=2017 II‘
PI I ]
= PIE | b L C III"‘ gk I!
I | L
T —— \l\"‘ o n.-*:’f WO ™ / IM,—...I
50 mn 150 200 250
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(A) 2-DEOIA 22| & A spot?)
capillary HPLCZ 2 & 2 &l base
peak profile

(B)S HM =2 13 (residue 60-
70)2 MS spectrum

(C) m/z 4513 1122 LC-MS/MS
product ion spectrum (£ X: Arnott
et al., 1995).



9. 6as Chromatography-Mass Spectrometry (6C-MS)2| & c|

o GC-MSUIA=S JIMIAZNIEDNER S22 AI2H0| et 22l A=20 oo

2120 HBABEHZ X (6CIL BEIIZA HSEAAHI ALE)
o ALY HZE0| &0t 2822 22l &4
o ZAFAI|=10°5~10Ctorr EE 2| B UM &S > 6C2 MS ZHIE HZ AT

= QIEHIHOIA (interface) J1=0| RHEHC=Z HEE ER

e ZClJI(separator)E AtEotH R =2 2EIIME Mot 2ele 428 2
=&H0 =& > HES =2lJI(jet separator): MEA RII== SIS &
HEAMEOZ 2T ot =i

CHIE + '_EH,GCE’*a*O BI

o "HIFELH"OIH EHEZA)| Ol2R2 252 LHUA S28 SII1L=S ZX A
Lt, GC/MSO 2let =24 0A 6C 28 =S St CHet 28 flZdsS 21 UK

ol 2XI2 O

s &=2=2= |D|

o HIFEH =&2= 6C-MS= E’ioDI?ISHH T Het Bt > stgf 22 8
& Ml

p[E= A
SN STE0IRS SMAIH TTENN 2
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