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Fig. 1 Experimental apparatus for gas chromatogra-

phy/multiphoton ionization/time-offlight mass spec-
trometry (GC/MPI/TOFMS)
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Fig. 2 Experimental configuration of the linear
TOFMS

1: repeller (0 V); 2,3 : first and second extractor
(—0.8kV, —1.8kV); 4: einzel lens ; 5: deflector ; 6:
flight tube (—1.8 kV); 7: microchannnel plate detec-
tor
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Fig. 3 Schematic diagram of (a) one-color two-pho-
ton ionization, (b) one-color three-photon jonization,
and (c) two-color two-photon ionization
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Fig. 4 Schematic diagram of a two-color two-photon
ionization process using the fundamental and the
Stokes beam generated by stimulated Raman scattering
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Fig. 5 Schematic diagram of a two-color three-pho-
ton ionization process using the fundamental and the
second harmonic beam of the dye laser

HG : harmonic generator ; VIS : visible (fundamental
beam); UV : ultraviolet (second harmonic emission)
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Fig. 6 Two-dimensional displays of GC/MPI/TOFMS
for an authentic sample containing three pentachroto-
dibenzofurans (pentaCDFs)

Ionization source: (a) UV laser (267 nm), (b)
near-UV laser (300 nm). Sample: 10 pg for each
pentaCDF isomer, (1) 2,3,4,6,7-pentaCDF, (2)
1,2,4,6,8-pentaCDF, (3) 1,2,3,8,9-pentaCDF

4 T A ML=V —IZXEEEE - mRIRN AT

FEHT AT A FF L VHEIE, TRTEEEREW
O FEOEEFEETHSB. INEEEELLF AT F VY
MR —EERESE G, SEEREANO R E
VRIS S, ok, BEEHvOhTws S 2L
—H—TEA F MEPREETH L. FITEHELE, T
LML= —%REE LTHYLERT A 4 EERS
FEIC XY, ZHBAT A4 X VEOBM R OERE S
b

BupRHmoOREE A 4 T 2546, FNEEEE
DIV AREEHEO L —F—HE2H B I L TA F bR
AR 52 &A%, BMERMISHEH S Tw2™Y, \ET
BRIZE BB A F D 0 OFREEMGIIIFFIEN
ETHIENS. FHELHIX, FOBL—Y-LIELT, 7

KAGAKU Vol. 58  (2009)
LA ML= —Z2HVBIEICLY, AEFE TRV
79 BT 1 HTRED IR SO R & W L 72",
AR LTI, FRr7u~ b 797 L85l &
WRIEIRY Y75 Y OBBRAL LT0.1 pg 2R LT
VA 2001 pg v EIR, JIS BB THEE ST
BETHBY. T, KERHWT, ARRIERED
ERBPDOT A+ 32 VM BITo T 5, HICRAT
BT ESTEEEHVWLZET, F44F2 VHOM
MR — 27 2 BHRECHETE 5720, ZFORMEL»S
KRR O F A F F ¥ VM OFMER 5 OB & B
179 THEBIELTWAE™,

VU EDX S %d A4 % Y Y HORBRESN K OERE S
Frichiz, FESIZ, 724 MPL—H—2HOZEAI
FAFF T UEOBRF R BE A RED &9 p MG L7
Fig. 6 (a) 1. SHHOAHENLI NV V7 T VRERE
FUELIHREATHSD. A F VBB L —F—12iE, Ti:
Sapphire L —#—OE=ZEiE (267 nm) ZHWw &
AEHL R R Y — 7 I S 7z hs, — 5 THlBINICKR
MEnaEBediElinhs. RFETEIS#LI I L ELT
HP5 ZHWTWaBED, TOH 5 HEEEMHELTE% 7
SVAFVER)YOFF YR aI—F 4 Y TENTWS, A
AU NI TIDF—T % 300C BMEICMET S L
COBMEMEGOBEBRRIY, BiEY—-s L TARY
MV EIZENS., FESFIIOERIZOWT, BEMEs
D7 = VEIZX Y, 260 nm OSSR E B
DO TRE I EEZT. —H, F4-FTVHD 00
BB EIEH 300 nm DL EICHFET 2. 2o CcHEs <
VEELESIC X D A S AKEOEH KA b—2 AN
(300 nm) ZHWTRABOWEEIT-72. 208, T
FLpos TOREIEHBEGOE -2 DA E LA LR
[Fig. 6 b)}. 722 ML —F—3F / BL—F—-Ll
RCIA VIEDIEN T2, BIZiEr 2 # L —3— CER
fEZ L —F— ¥R & 2 RERRN 2 S W TH B 2,
FROLIZBEEDORINICL 5T, EABPITHELET S
Bex RWiEWOA F ALERHIL, ¥4 % VA ER
ISR CELHEMERD L L0972 B, 0
SOV TR, 4 FFR v v EoEROR
1T Hk MRS (toxic equivalency factor, TEF) 2%
ZEINTWEY, DFYTEF=0D¥ 4 +F > VHETH
A, CNEERBFOLEMEERLIZbDOTHSD. EHH
OB AMEETIE, ¥4+ F > VHOBHRINITEE
WEETHIZY 25T, TTTEF=0DF 4 F ¥ VHHIZT
FHOBGER T, TORIIEMEETHF A ATV V8
PRMESEALCT, ZOFLOFHELHRL TV,

DEDXHIZ, 7248 ML —F—2HWTEHERLS
43X VHEOMBRINEZTI L LB, ZRET—F %
FIHL-BERET OV A 3 VRl 2T > T, &

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

ey

S

Vacuum Sample

o _1_74;_3 Flow
[o]
-oo - @
(o] <

t Carrier Gas

lonization Laser

Capillary

(@)

O
bt

.
1 \

lonization Laser

(b)

Fig. 7 Schematic diagram of (a) continuous sample
introduction and (b) pulsed sample introduction
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Fig. 8 Operation principle of onine concentration
by analyte adsorption and subsequent laser desorption
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Fig. 9 Dependence of the signal intensity on the
delay time of the ionization from the desorption laser

Sample : p-chlorophenol
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In multiphoton ionization/time-of-flight mass spectrometry (MPI/TOFMS), a two-color two-
photon ionization process using stimulated Raman scattering, and a two-color three-photon ion-
ization process were described for the efficient and selective ionization of aromatic hydrocarbons
with ionization potentials higher than the two-photon energy of the laser used for excitation.
Moreover, MPI/TOFMS combined with gas chromatography (GC/MPI/TOFMS) using a femto-
second laser source was applied to the trace analysis of environmental samples. Furthermore,
an on-line concentration technique based on analyte adsorption/laser desorption was developed
for application to supersonic jet spectrometry. The present technique significantly increases
the duty cycle, and provides a nearzero dead volume. Thus, this sample introduction tech-
nique is useful as an interface between GC and MPI/TOFMS.

Keywords : gas chromatography/multiphoton ionization/mass spectrometry ; supersonic jet
spectrometry ; two-color two-photon ionization ; two-color three-photon ionization ;
on-line concentration by analyte adsorption/laser desorption.
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