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Fig. 1 Schematic diagram of the experimental
apparatus for generating standard gas

B : nitrogen gas cylinder; N : nitrogen gas;
F : flowmeter; T : thermostat; WB : water
bath; S : sample; D : diffusion tube; U : glass
tube; V : valve; C : photoionization cell
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Fig. 2 Schematic diagram of the photoionzation
cell for standard gas

E : electrode; V : high dc voltage; CU : photo-
current signal; W : window; ST : stainless
steel; L : laser; RI:o-ring; I, gas inlet; O,
gas outlet; R, 10 MQ resistor
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Fig. 3 Schematic diagram of the thermal vapori-
zation-photoionization apparatus

HV : high dc voltage; CS : photocurrent sig-
nal; RE : 10 MQ resistor; CO : condenser; IN :
insulator; EL : electrode; GA : gas; BR::
brass rod; BRe : outer brass tube; LA : laser;
SA : sample; GT : glass tape; NW : nichrome
wire; NI : nitrogen gas; TC: chromel-alumel
thermocouple; PC : program controller; GND :
ground
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Fig. 4 Logarhithmic plots of photocurrent signals
versus sample quantities

@ : m-xylene; A : ethylbenzene; O : aniline

Table 1 Molar absorptivities and detection limits

(§/N=3) of benzene derivatives at
260 nm
Molar Detection
Compound absorptivityt/ limit,
M-t em-? ppb
Benzene 130 9
Toluene 290 8
0-Xylene 280 3
m-Xylene 240 6
?p-Xylene 390 2
Mesitylene 180 9
Ethylbenzene 260 2
Aniline 630 0.8

t Measured in isooctane.
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Fig. 5 Photocurrent signal-temperature profiles at
303 nm at a heating rate of of 20 °C/min

Each sample quantity : 20 ng; (a) pyrene; (b)
triphenylamine; (c) azulene; (d) pyrene+
triphenylamine; (e) azulenee+ triphenylamine;
(f) azulene- pyrene
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Table 2 Ionization potentials and detection
limits (§/N=3) of solid samples

2PI Detection .
Compound Ip®)/eV limt?/ wavelength/ Letectior

nm nm hmlt/pg
Azulene 7.42 334 259 3000
Pyrene 7.44 333 259 700
Triphenyl- ¢ g5 362 337 )

amine

a) Ionization potential : taken from Table 1 of refer-
ence 22. b) Wavelength needed in a two-photon
ijonization (2PI) process, calculated from IP.
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Resonance enhanced two-photon ionization
spectrometry of aromatic molecules in ambient
pressure nitrogen gas. Sunao Yamapa*, Naoshi
ApacHr, Hirofumi Kawazumr and Teiichiro Ogawa**
(*Laboratory of Chemistry, College of General Edu-
cation, Kyushu University, 4-2-1, Ropponmatsu, Chuo-
ku, Fukuoka-shi, Fukuoka 810; *¥Department of
Molecular Science and Technology, Graduate School
of Engineering Sciences, Kyushu University, 6-1,
Kasugakoen, Kasuga-shi, Fukuoka 816)

Various aromatic molecules have been detected
simply and conveniently by measuring the photocurrent
signal induced by resonance enhanced two-photon

18)
19)
20)
21)

22)

KAGAKU Vol. 37 (1988)

ionization. Volatile benzene derivatives were measured
in the ppm~ppb range by mixing the vapor of the
analyte from a diffusion tube with nitrogen gas. Cali-
bration curves were straight in the ppb~sub ppm range.
Detection limits (S/N=3) of eight benzene derivatives
were as low as ppb levels; the lowest detection limit
was 0.8 ppb for aniline. The molecules with large
molar absorptivities in isooctane gave the lower
detection limits. Less volatile aromatic molecules were
measured by the thermal vaporization technique; the
solid sample was heated at a constant heating rate and
the photocurrent signal was measured as a function
of the temperature. Calibration curves were straight,
and the lowest detection limit was 90 pg for triphenyl-
amine. Some selective detections of mixtutes were
possible within 10 min. This method may be useful
for rapid identification and quantitation of organic
adsorbates without any pretreatment.
(Received January 22, 1988)
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