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GC Separation

Thermo

SCIENTIFIC

GC mechanism: Retention Time Compound

00:00 min Methprylon
 Analytes pass through column 00:00 min Butalbital

0:00 min Amobarbital
» Analytes separate by two factors 00:00 min Meprobamate

00:00 min Gluthethimide

min Phenolbarbital
00:00 min Methaqualone

min Primidone
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Venkatasami, G.; Sowa, J. R., Jr., Anal Chim Acta 2010, 665 (2), 227-30.
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Electron Impact lonization (El)
THRFFRR (G2 HF - EE] BF)

v
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http://depts.washington.edu/spectral/massspec/GCMSintro/



Electron lonization (El)

Compounds are first separated in the GC capillary column and
enter the ion trap
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Magnet Extraction
N and focusing

_Fllament Ienses CH4 —> CH4+' ’ CH5+'

I mbar

Sample
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10 to 107 mbar

http://www.chem.ox.ac.uk/spectroscopy/mass-spec/Lecture/oxlectureCl.html



Chemical lonization (Cl)

Reagent molecules for chemical lonization enter the lon irap

Endcap ‘ '
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Information from EI/Cl Mass Spectrum — 45

[M+NH,]*
148

Sample : 3-methyl-3-heptanol
Reagent Gas for Cl : NH,

http://www.chem.ox.ac.uk/spectroscopy/mass-spec/Lecture/oxlectureEl.html



Information from ESI Mass Spectrum - 93+&
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lon Trap (&3 ) Time of Fllght (REFEER)

‘ Fourier_ Transform lon
Quadrupole (= #&11) Cyclotron Resonance ({é1rsis




Quadrupole

detector
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quadrupolérods




Time-of-Flight (TOF)



Fourier Transform lon Cyclotron Resonance (FT-ICR)

W.M, Keck FTICR Mass Spoctro;hﬂry Laborstory
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» % v5 73 - Electrospray lonization (ESI)

» Matrix-assisted Laser Desorption lonization
(MALDI)
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Electrospray lonization Mass Spectrometry
2002 Nobel Prize in Chemistry

I  Dr. John B. Fenn
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(Electrospray lonization, ESI)

Reduction '

Electronsl

GID ¢ g Electrons

High Voltage
Power Supply




Photograph of ESI plume
(plumep Z H*, H;0%, CH;0H,*", MH*, MH ™)

Taylor
cone
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Charged Droplets —> Analyte lons
(MH* or MH_ ")

é"é.:. — <49 @ Solvent lon Cluster

Coulombic * Analyte lon
Explosions (MH* or MH,_ ™)




TR AT B A2
= TR
l—--//
¥




HHBEHESI BrLlE

T 998.25= (M+n)/n
942.75= (M+n+1)/n+1

942.75

M=16951.9
n=17

+15

1131.3 +14
1212

L
O
2
<
a
=
=
m
<
W
=
| o
<
-
Ll
o




? F & B \\E:’E%A b

/

/

T m

B R

4
4




/

T
ik

=~ BEE

[-
——

q -
'
3
pr.-
bt
g
o
'
o
o
o
v
—~
W Ak &
- 3
P - LA
s e ™
-l - s - ™~
" . v
; o i - .
~ .
B 4
!
L \
o~ * *
K ..\.4 5
B E
- . z




o MM 3 MM
RIEFARSEL - BROE
e Rt 2.3

181059 180056

y B v

2 Lik!

181292

Elc=

1824087

N NRSEURNAR 28 |

SFRRFERY 3.2 -

T LR u'
AL LIS Bfgfgx@

2085

ANEE: BEE PRUEE

EN2REFMETAY HLEER: RESANE NF ). Enaem



EESE I SE A\ CI1 BB §H A &E 3R

o L\ -
3‘2;2\\"‘\)——)1—‘)\'

2004 275 '
2100 21649 xsa54 20459 204414 196733 191310

66896

i 4214 414069

(> - ) BB >-HF

R

/

505 605 705 805 904 914 925 934 944 O5%F 96%F 974F 98%F 99

27 chchchebobcbddbcbdachciok

(B85 :
L AT

EE s M mmEite AR A D2

L L | =iy

S@=1
%

BESDA
RIS

33M774A 13MATTSTT  BA
61866 A 59M9I6355T 36
B) stk 1MO246 A  7SMT0907T 444
Py @timmm  16MO7IA  BMI1186T  5A

B%f‘i?&[m‘ﬁfiﬁ 5M3505 A 10M85517% 7A
i [FEZLVARRETE | S-SR ARNRE
(= 0§ L T /W

BR w2 PLRE AW

1 ) et
1995 1997 1999 2001 2003 2005 2007 2009 (%)
KRR <52l = m 2 S o




TEIRL S S X PR D
?{ﬁ%@%m’a?ﬁ'
(1)@ 548 ¥ }"’1 2 ib el
(2)AL g K+ 2 i

B)F P iy =~ %ﬁtfrv HOEa KA O0E;
(DF F3ms 7] ~ FREH HL,

U2 2 2 i b ¢
Wﬁmgmﬁﬁmﬁﬁ
—AiR - SIZB ALIEE

fe=MRREBLH - ERNNBERY
SEMUERRRE2A? 7




BASAM BRI R

WHSEHE
qsuRs an 21:»::.' :
ANnN u

nRAan =n
‘ TA2% 2 ﬂ
aena 'Zl.‘l‘-f-'-'v

MtleeoagovM

THES ) TEMRE T, TEARE




A8 Ty oo TRl AR

(D7 FFFE~H FRFIHDL AL A
3 R ;};gﬁ-a Yot @

(2) &k % BoR I e &

(3) B 2 2 P KRR 5T

"5x!¢l‘3
sEREen 2\}1:,' C
AWNE . 660

L ] IIIIIII

T ER T B ETR LT




b

la

urd

DEERASCAAARARESS

P PRRARRNE

VENENARNRESaRLT 8

I WPEAERER S THLE)

R

.49
4 0’ .'t "
S 4 '

.

P PUMCRSRNER

| a-“...v +
(LAY

THRRSRARTASR
p s h .

)
e@v

g

TR

‘-Q..' AT
q’, \ y

-

{ ez

P PRIVRERGELY

2% 2
2@

ISRAATRATER

.u.

*
a@o
N

D URE\NSANOASTSESS

wng - oy I
S/ Nt/ e

RULRIE D) o







¥ o TR B iE -2 3§
r—]ﬁ %%?E‘J‘fi%r?




¥4
2= A EJF
| i S ‘l /"‘ J
e mg?’?]f% TR
\ b T '—L . J U
» _ - /” 9 T\P\? ‘
* m,EQ%;mAQ P?imﬁui&fm
— o «l? s “ Al % L'J\; “ ‘—"‘
BIRBF ’Fﬁ H;J /E}FE'JJ’ g ;é/% :
7 i 13 kRl
£4‘h
E— W ) P }ﬁa 2
/ A P

;g_grm
Feni 8 ¥
9 ‘:ﬂ?]LL & ’;}’F -
-@ﬁ%éiﬁffthﬁ?%Kﬁ
‘ ‘%&1 B ' ﬁ/ / /EJ‘:i —
.2£ﬁ ﬁﬁaébhgmi
B
ﬁ* a;\&ﬁijg,m%

q"l »SP ?“'
% <8

By

= O



Yo%

() FF s~ o =3 A5k R > FRAL AR
RT3 A

Q)& » & F 7 5 RERTE 2L (4 f]\’i{A\
FanFe- k&R T o BEIT - K&
AT RE)

(DERPEFLENEINEERHILE 2 & 417
iz £ REE R



RS E PR

(5) HiviEfer FEME » - &L R AREIRE
) BIBT HFHELA L 1F

(6) th &l 3 & § 2L Pig en;

(T #plenG AR BT fo @ 5GC/MSF-LC/MSA 45 %
4% o



?F%'i’ig A o
?A}ﬂ}'?li;;% ,’}_

* F AR E RAPR TR R G
8 X iR ReE?



GC/MS 2 LC/IMS#+5 fchh® 4

: BOCHLC 47 5 R RACE -
PR Bk i g iV F Krﬂt“ R N
RS l%\ A ’fi BAAS S I i TR 1 Rl ;lj
R S Rl R AR AR 0 e E B /}Eﬁﬁ L]
RE o RFERA- B A
FRILy S LET B IR F
- BAITEEHRFE - R ATa A TR &
P o Pae BYUAEL B



@ SLR A 17 B (R A P23 ] )
Sample collection and transport to lab Sample pretreatment(1-6 hrs)
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Acquisition Data GC/MS or LC/MS Analysis (1-2 hrs)
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< F F# & (Ambient Mass
Spectrometry, AMS) - 7 1
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= ;f ’?’f{ k7% (Ambient Mass Spectrometry, AMS)
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FaEz 4] ¢ 357 electrospray ionization (ESI) or
atmospherlc pressure chemical ionization (APCI).
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= F B %72 (Ambient Mass Spectrometry)

Mass spectrometric 1onization methods that
and
. An analysis can be completed In
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Discussion Togics

(A)#m -0 vg R 2

(Thermal Desorption-Electrospray lonization Mass
Spectrometry, TD-ESI/MS)
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ESI Capillary
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Taylor cone 1
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RSD of 10 measurements 1S 9.6 %

Sample solution: acetaminophen (104 M)
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A linear response is obtained with R2 =0.9978.

Sample: acetaminophen standard solution
, conc. 25-500 ppb
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48 T 2 3% % ppm - tenth ppb.



TD-ESI/MS
20/

- !



Discussion Togics

(B) 12 TD-ESI/MSE-i# # 5] % 1t &




# v 3 2 & B (Plasticizers)

20117 SR FACZT AT A2F A2 VR R
SRR AR Z BIE Y AR S 0 s ‘Wf’% Z @;;/\ s
FFHNL L e HAMESAREE 2 E AR o
¥R L 1L R B (L o




GC/I\/IS &LCIMST i i) 2
A

2 iR BE

4 BERAR

\ERE EZBER

| 268 RURER W5 BEAAE
B HEKE BN REAR

ntﬂﬂﬂ.’.ﬂ!lDEHPBS)ﬂﬁ

DEHP

_Eenm Lkl

TR E W

wEmEnms °°
14.6
DOWBMRE 14.8
B 1000
- R
3 (452 e RN
G BB
A T T
AW R
e
MRS
MR
PG

ew\

12.7
12.8

241

31.7

7.8

20127314
20112722

2012/4/28

2012/04/20
2012/05/12

2012/4/129

201311212

20131710

11.2

Talwan yes 12.4
HiEme 11.8
g =) 9.1
9.6

2012/4r21
201171015
20127813
2012/1/28
2012318

14.6

14.3

201111018
2011/8/30
20119186




x10f
2.5 é
2.0 %
1.5 é
1.0 é
0.5

279.0
i)

0.0 3
x109 3
2.5 7
2.0 7
1.5 7
1.0 7
0.5 1

DBP

I, S NPV NN S P

279.1

DEHP *}!

37}.2

0.0 7
x105 4
1.0 7
0.8 7]
0.6 ]
0.4 7
0.2 7

158.3
L

279.1

[:) EEEI_{ F) 391.2

4132 4973

0.0 7
x109 -
1.5 1
1.0

0.5

ORI

149.2
h}\

DEHP I

e e
100 150

N

250

260.9 279.1
A A

350

400

413.2
T JL\ T




x105

x106
0.8
0.6
0.4
0.2

0.0
x106
15
1.0
0.5

0.0
xjqP
0.8
0.6
0.4
0.2

0.0

TR T N NI B I R NN WA NN VN SNEE AN AN |

109.0120:9,. 44

LT B

1354 149

adl Desad Do

3
JW

1672 18
it 89

391.1

Bis(2-ethylhexyl) phthalate N

[M+H]*
49 204° 2560 g6.0 3001 3270
...’l‘ |.I..l....‘ ujl A .J.I_.]JAA.A),Lh,l.‘,.lnl\mhi..i Iul.l il el Dol It Wl lm.lthMJll.mn Pl

279.1
DBP
Dibutyl phthalate [M+H]* —>

922112

028l 29001

o, 1

DEHP

408.2

1 A
R (T th i 24 .

EP\#‘%—

T O R I N ) I

I AR A A ]

T T I AR

8 135,
1204
1075 bt
’ﬁ Xi 391.2
1353 DEHP DINP
io(0. Diisononyl phthalate [M+H]*
o Bis(2-ethylhexyl) phthalate S \K p [ ]
’L [M+H]*
2871 419.2
1174 D L bl 19%2 2171 2491 267f'k1279k1Jm 3041 ﬁ 447.3
£ ﬁﬁ 3
) 391.2
DEHP
Bis(2-ethylhexyl) phthalate > -
Dibutyl phthalate [M+H]* -—>27i1 [M+H]
133.2 1492 w1771 .193,1205.1 3011 | 413,2
R 2 391.2
DEHP
Bis(2-ethylhexyl) phthalate >
[M+H]*
163.3
wne . ¥ N 1852 ) 2610 2791 | Jm 413.2 |
100 150 200 250 300 350 400 450 miz




x106 E
() B A
25 -
2.0
15
1.0
0.5
0.0

x106
1.5

1.0
0.5 ]

0.0
X109 ]

2.0 7
15 i
1.0 7
0.5 i

0.0

14?9

ZOTQ

DBP 271

301.1

A

DEHP 3912

L

(b) #-A # B

99.0

DINP

() Bt 5 C

99.1

158.

190.9

301.1
o L 8200 3912

I
100

D
150

T T
200

I
300

350 400




1584, 2184  278.6

,’é ﬁ—d; \:‘}' g; FF' fi;}a

1484 .

0

6103

I EETERAT




P14 2736 app5 ang g |

o
o1 Goro
il aaaal

N W s

1764 218 4050 2512

419.

0

53-&2
R VW G s




Intens.5 ]
x10 1

\
200
Intens. {

x1P 1
2.0

1.5 1

1.0

0.5

0.0 -




~.4min #(124-138), Background Subtracted
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Applications of TD-ESI/MS:
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Applications of TD-ESI/MS: In situ detection

Drug Factory Chemical warfare agents
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Applications of TD-ESI/MS : Rapid analysis of
explosive, drug tablet, and metabolites in urine
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Thermal Desorption Electrospray Ionization Mass Spectrometer (TD-ESI MS)
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Fused Droplet Electrospray lonization,
ISP'EQ Egp Mass Spectrom. 2002, 37, 115
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Electrospray laser desorption
ionization (ELDI)
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Electrospray-assisted laser desorption/ionization mass
spectrometry for direct ambient analysis of solids -ELDI

Shiea et al. Rapid Commun. Mass Spectrom. 2005; 19: 3701
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Solid and Liquid sample Analysis
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Applications of ELDI/MS : Drug tablet, metabolite
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Applications of ELDI/MS : Document, banknote

American Declaration of Independence document Counterfeit
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Schematic lllustration of ELDI Imaging
System
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Molecular image of sprouted potatoes slide
Through ELDI/MS analysiis
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Molecular Image of Panax Ginseng
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Dry Blood
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Molds Grown on Peanuts

391.2
&ai ‘
,'!—,
Background
14 19w 231'7.11 549.1 693.4 g
— ') a a | 3 - VT S, - >
'\O 100 ) . S48.2
==
< Rhizopus stolonifer black molds
El. 444.2
L S0- N
QR <
= i
= Black area
’JE 155.1 el
— S l 1990 3=~ 4 3862 § | 6939 937.8
L 0 1 . A I S o -
T llow molds
304.2 ye
287
S0
100.1




Real-Time Chemical Reaction Monitoring



Epoxidation Reaction
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LIAD-ESI Processes
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Using Laser-Induced Acoustic Desorption/ Electrospray lonization
Mass Spectrometry To Characterize Small Organic and Large
Biological Compounds in the Solid State and in Solution Under
Ambient Conditions — LIAD-ESI

Shiea et al., Anal. Chem. 2009, 81, 868-874
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LIAD/ESI/MS Set-up  Top-view of the sample plate
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Using Electrospray-Assisted Laser Desorption/Ionization Mass
Spectrometry To Characterize Organic Compounds Separated on
Thin-Layer Chromatography Plates
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(a) ESI on, laser off (b) ESI on, laser on (5 mJ)

MS inlet

ESI emitter =
9 Fre = :

.
(c) ESI on, laser on (12 mJ) (d) ESI on, laser on (20 mJ)
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Continuously analyzing three TLC plates separated with different
chemical compounds

@) amine | syrup | | dye
“ " ¥ ® » {ll" '3 L
‘ |

Intens.

X106 (b) EIC m/z = 108-ethylpyridine) _ fg 3-ethylpyridine
0.5 . Lé/

Q%: E

**%1(c) EIC m/z = 13@-aminoacetophenone) : =
2 | o4 .5 ¥ 2-aminoacetophenone (m)
x10%7 E

(d) EIC m/z = 134N-allylaniline) Il O' { J ¥ ] ZTQ[ 332351

] . 03 124 N-allylaniline (n)
1(e) EIC m/z = 18®ethylephedrin hydrochloride) 57 %

187 269287 369

ﬁnethylephedrln hydrochloride (o)

V4 yehlorpheniramine maleate

1 203 275
- i L Lﬁ{ 383

1 (f) EIC m/z = 27&hlorpheniramine maleate)

1 (9) EIC m/z = 19%affeine) | s caffeige, (p)
MW\MMM E 131 155 ‘ 21|9237

: 269287
1 (h) EIC m/z = 152thoxybenzamide) |

WAL

¥ ethoxybenzamide ()

152 174

| E (i) EIC m/z = 37frystal violet)

274 3?3 3%5

crystal violetfy
372 rhodamin*(r)
=i
methylene b|l§?§ (s)
443
Zio.t _ . |

T T T T T T T ¥ T ’ T T T T T T T T T —rTTeT
2 4 6 8 10 12 14 16 Time [min] 250

03— :
] (J) EIC m/z = 44%hodamine 6G)

E (K) EIC m/z = 28@nethylene blue)

A
AN
A

—
450 m/z




High Throughput-TLC/ELDI/MS System

First Generation (Lego-made)
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High Throughput-TLC/ELDI/MS System

Second Generat/on ( Teflon made)
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High Throughput-TLC/ELDI/MS System

Third Generation (Stainless Steel- and Teflon-made)
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High Throughput-TLC/ELDI/MS System



Discussion Togics

(E) # & ;% =~ 5 &3 &k (Mobile
Ambient Mass Spectrometry,
MAMS)
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Two strategies for in-situ detection of mass
spectrometry

Miniature of Mass Spectrometer Moving Mass Spectrometer to field
— Portable MS - Mobile MS

A - Processor board
B - Vacuum Manifold
C — Turbo pump

D - Diaphragm pump

E - Lens power supply

F - Communication PCB
G - Filament control

H - Handheld computer

Mini 10 Mass Spectrometer (2006, R. G. Cooks)

Shiea et al., 2011



Solution for (5): & R3-r BF & 47 A%
Fg 3T AL }'F ’?TF’H' 'i

BExF R

(Mobile Ambient Mass Spectrometry, MAMS)
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| | | Ambient TD-ESI
Vibration Dampening Source &

System Commercial MS

Turbo Pumps
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Future Development




The real-time analysis of illicit substances in
the convenience store or the traditional food market spot
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Chemical and biochemical plant on-site monitoring
of chemical or biochemical reactions
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Assist airports and customs inspection unknown
object, contraband food, drugs and explosives
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