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TECHNICAL FIELD
Thepresentinventionrelates1x>adetectorofchemical
substances and a concentration-measuringmethod of chemical
10 substances, and, more particularly, concerns a detector of
chemical substances for detecting trace molecules such as
halogenated organic compounds with high precision and a

concentration-measuring method using such a detector.

15 BACKGROUND ART
Noxious chemical substances even in a trace amount,
such as chlorobenzenes and dioxins have been discha{ged in
a state contained iﬁ exhaust gases discharged from
inciﬂerators and metal refining furnaces. There have been
20 strong demandsufor methods detecting such trace noxious
substances and for measuring the concentration thereof.
With respect to devices for detecting the
above-mentioned chemical substances and for measuring the
concentration thereof, conventional techniques such as a

25 gas-chromatograph method and a mass spectrometry have been



2 known,  and’ of these, the nmass spectronetry is superior in its shorter
“ measuring tine in conparison with the gas-chronmatograph nethod. In the
mass spectronetry, a sanple gas is ionized by 5 using a plasma derived
. froman RF discharge (high frequency disgharge) or an el ectron beam from
an electron gun, and the ions are instantaneously accelerated to be
subjected to nass separation so that the substance is identified by

nmeasuring thenbwinghtanld &2 eokisespend R dP dgec tosse AHPDEE . sdPekNothen
above-nmentioned flight-tinme neasuring type spectronmetry, during the

ioni zing progess @hdhe samles@asng subskanges Qidhgsadhas t hgs sybstgpce to
. be detected are ionized, the mass of the substance to be detected or a

subst ance nolaka Be Helesd Lok Sndegepposed into a nolecular 15 or an atom
that is smaller than the original substance, resulting in conplex

fragnents that arerdecounpsed afdc. g8RetalLdy LR, o baRPEQTES, JLLEi gyl t o

identify a specific substanc ere’irs re ifon’rn neasuari n
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i oni . reover
 oni zed haved?%%%a%%%S'%B?%wle é%kroh geam from an electron gun, and

the ions are instantaﬂeously accelerated to be subjected
to mass separation so that the substance is identified by
measuring the flight time corresponding to its mass number.

10 In the above—mentioned flight-time measuring type
spectrometry,dgringtheionizingprocessofthesamplegas,

" substances other tﬁan the substance to be detected are
ionized, the mass of the substance to be detected or a
substance not to be detected is decomposed into a molecular

15 or an atom that is smaller than the original sﬁbstance,
resulting in complex fragments that are decomposed and
generated;thus,itbecomesdifficulttoidentifyaspecific
substénce- and there is reduction in the measuring
sensitivity.

20 For this reason, techniques for preventing substances
other than the detection subject substance in a sample gas
from being ionized have been developed. Moreover, a
resonance multi-photon ionization method has been known in
which-a laser light beam which is adjusted to the light

25 absorbing wavelength of the substance to be measured is



resonance nulti-photon ionization nethod has been known in which-a |aser
light beamwhich is adjusted to the |ight 25 absorbing wavel ength of the
subst arice to be measured is 3 applied, and the substance is sel ectively _
.. subjected to nulti-photoionization. However, in the resonance multi-photon
‘ionization nethod that can inprove the néasuring sensitivity, anong 5
chl or obenzenes and dioxins, with respect to those substances havi ng nuch

chloride suchams1 déghl ahebenzengusid anldd chi osehenzens., r@ﬁﬁugétad to .
degradation in the efficiency of ionization and the re uItlnﬁ reduction in

the measuringousensphb¥biynitReriefpre, in order to conpensate for the 10
degradation in ionization, an ultrashort pulse laser is required. For this

reason, in order t%dﬁ%ﬁ%ﬁ? SReGifd G SUbst ances %;ﬁgﬁﬁ{;bfﬂ8gggé§éﬁ%Pe-

conventional devices tend ' to becone expénsive.

~invention hag hge leved 1> in order to solve the above problens, and
its objects z}e oqﬁﬂ%fdggnthePESHFzggfoF%ﬁ%QQﬁQﬁuﬁﬁ?%l51¥ &&if pgong
subst ance event ot her st ances havi ng ioni zing energy higher than

phot on ener gg}fq}lfogrrﬁ%%ﬁlﬁ%n?8@%8}%5%%&309%r I‘?é’e%’é@%ﬁq"'?g? gehstengesy by

i rati on of
regul ating tm%&%%giaguch chloride such as dichlorobenzene and

trichlorobenzene, there is degradation in the efficiency
of ionization and the resulting reduction in the measuring
sensitivity; therefore, in order to compensate fbr the
10 degradation in ionization, an ultrashoft pulse laser is
required. For this reason, in order to measure Specific
éubstancesasdescribedaboVe,theconvéntionaldevicestend

to become expensive.
Therefore, the present invention has been achieved
15 in order to solve the above problems, and its objects are
toimprovetheionizationefficiencytoaspecificsubstance,
to prevent other substances having ionizing energy higher
than photon energy from being ionized, to improve the
measuring sensitivity by regulating the generation of
20 fragments of the specific substance, and to provide a
detector of chemical compounds and a
concentration—measuringn@thod<xfchemicalcompoundswhich

can reduce the device costs and simplify the device.

25 DISCLOSURE OF THE INVENTION



20 fragnents. of the specific substance, and to provide a detector of

* chemi cal conpounds and a concentration-neasuring met hod of chem cal

compounds which can reduce the device costs and sinmplify the device. 25

. DISCLOSURE OF THE I NVENTION 4 A detector jof chenical. conpounds according
to the present invention, which has a prense that, to a specific

substance having ionizing energy, vacuumultraviolet rays having photon

energy that exceeds tdetéoBbzi RE eNEI@YchS 3oaRRMNe %Q:égﬁéi%?et%PQﬁ{ nce
is ionized by one photon energy, is provided with a vacuum ultraviolet ray

generating urptesadit cin@enershesyNacHUALYE! 4 navipl 81 fRys Pﬁé a‘fggie%ii &

sanple gas, and a nass spectronetry unit which neasures ght i me

'of a substancaipheinbas heengacsst eha egngﬁeég"i’rc,c.@%%%&d EQF%% tsircl)telheZta%é/gs gas

ionized by the vacuumultraviolet rays. T unit whic

Substance | o ot an aoUEer 2o hensN Hant S VALt LFePR0A bR nRgY Lo
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whichgenerates vacuumultraviolet rays forionizingasample
~gas, and a mass specfrometry unit which measures the flight
time of a substance that has been accelerated by accelerating
10 the sample gas ionized by the vacuum ultraviolet rays. The
unit which finds the mass of the aclcelerated substance based
upon the flight time and identifies the substance is prepared
as a known unit.
The vacuum ultraviolet ray generation unit may be
15 éonstituted by a ligﬁt—emitting lamp using a gas discharge,
and is allowed to select a substance tobe ionized by changing.
the quantity of photon energy to be generated by changing
the kind of a gas to be discharged.' Moreoy_er, the vacuum
ultraviolet ray generating unit may generate a laser beamnm
20 or its higher harmonics. 1In these cases also, the quantity
of photon energy to be generated is varied by a variable
laser so as to select a substance to be ionized.
It is particularly effective to add to the detector

Oof chemical substances of the present invention an ion trap

25 for generating a high frequency electric field therein. 1In



the kind of a‘'gas to be discharged. Mreover, the vacuum ultraviolet ray
‘generating unit may generate a | aser beam 20 or its higher harnonics. In
theSe cases also, the quantity of photon energy to be generated is varied
. by a variable laser so as to select a substance to be ionized. it is
particularly effective to add to the detector of chem cal substances of
the present invention an ion trap 25 for generating a high frequency

electric fieldhtherpid, ﬂkﬁ‘e5saﬁ1§5!l§ 63 a SR & HRStRECHBH! %&39 iR the
ion trap is accel erated so tha spécific nol ecul es that have been
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it possible to increase the probabili of exi stence of the speci

ons, The substancas, 1oy beofeLeat ed 18 Naloasnal oo o gapko, ceamPoyds. such

as chl or obenzenes an oXI NS i"oni zi energy o

range of 9t \A and qQt gn en of . vacuumuliraviolet . .rays to
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energy no t han t he |o ng ener.gy. and al so to suppress fragnents
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subst ances and |on|zat|on of the substance to be detected. Moreover, as
has been descri bedThe substances to be detected are halogenated organic

compounds such as chlorobenzenes and dioxins, and the
ionizing energy of these is in the range of 9 to 10 eV, and

the photon energy of vacuum ultraviolet rays to be applied

10 is preferably set to approximately 10 eV so as to provide
energy not less than the ionizing energy and also to suppress
fragments resulting from decompositions at the time of
ionization of other mixed substances andlionization of the
substance to be detected. Moreover, as has been described

15 earlier, it is. further preferable to add a process for
condensing the detection subject substance that has been

- subjected to application of vacuum ultraviolet rays in a

high frequency electric field.

20 . BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram that shows one preferred
embodiment of a detector of chemical substances according
to the present invention; Fig. 2 is a graph that shows the
results of experiments carried out on the detector of

25 chemical substances; and Fig. 3is ablock diagram that shows



15 earlier, it is further preferable to add a process for condensing the
* detection subject substance that has been subjected to application of
vacuum’ ultraviolet rays in a high frequency electric field. 20. BRI EF

. DESCRIPTION OF THE DRAWNGS Fig. 1 is a block diagramthat shows one
preferred enbodinment of a detector of chem cal substances according to
the present invention; Fig. 2 is a graph that shows the results of

experiments cafdtieshr optedr el dehestiOhneak %ﬁfCQGHE%%Et§Hb$$§nEﬁ§Fi%%q Fig.
3 is a block diagramthat shows 6 another preferred enbodi nen

det ect or of Céiﬁi’@@é‘r‘xce§UQ§E%E’:‘E{%NPacl§cW’QHé‘9p£QsEH% RS 1hdr{“’e”“°” BEST
MODES FOR CARRYI NG OQUT THE I NVENTI ON 5 Referring to atta ed drawi ngs, an

‘expl anation will be given of preferred enbodi nents of the present
invention in detail. Fig. 1 shows one preferred enbodi nent 25 $hdegeft0{
‘of chem cal ANGSSs asQr di r nt i tion. ( e detector
of chem cal su stancessoggﬁhgh%%g§§%%Qﬁﬁgéﬁﬁg %Nbgﬁgﬁégfded with an

|on|zat|oQ chanber ection device 2. The g
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be given of preferred embodiments of the present invention
in detail.
Fig. 1 shows one preferred embodiment of a detector
of chemical.substances accordihg to the present invention.
10 The detector of chemical substances of the present
inventhm1isprovidedvﬁjﬂlanionizationchamber].together
with a gas injection device 2. The gas injeétion device
2 has a gas dischargipg pipe 3. The gas discharging pipe
3 is formed by an open-close valve using an orifice such:
15 as a pulse valve or a capillary pipe. A sample gas Gs,
directed to the gas discharging pipe 3 from the injection
side, is further directed to the ionization chamber 1.
It 1is assumed that the sample gas Gs contains
halogenated organic compounds (hereinafter, referred to
20 detectioﬁsubjectsubstances). Here,“halogénatedorganic'
substances” refer to organic chemical compounds having at
least one halogen (chlorine, bromine, iodine) within a
molecule, and examples thereof include: halogenated
benzenes (monochlorobenzene, dichlorobenzene,

25 trichlorobenzene, tetrachlorobenzene, pentachlorobenzene,



3 is forned by an open-cl ose valve using an orifice such 15 as a pul se
"valve or a capillary pipe. A sanple gas Gs, directed to the gas

di scharging pipe 3 fromthe injection side, is further directed to the
- ionization chamber 1. It is assunmed that the sanple gas Gs contains

hal ogenat ed organi c conmpounds (hereinafter, referred to 20 detection
subj ect substances). Here, "hal ogenated organi c substances" refer to

organi ¢ chenmneda IRMPOMNES, Baxi ng ate ¢ Least onehgféggﬁaggghlori B ngnine,

iodine) within a nolecule, and exanples fhereof | hal ogenat e

benzenes (noneghlarphenzene, egEth,Orh%eé'%&Q%te85 rdir%rb&laorrboobneng(glillgd?)mds

tetrachl orobenzene, pentachl orobenhzene exachforobenzene,

o bgenat o0 pigaala (el propoghel €1, "HLASAIRLEL DY OERE ST, ..

conpounds (tetrac e, étc. ogena

‘(chl hapht hal t al ogenat ed bi phenyl s 5 (chl orobi phenyl, etc.),
g?ox?Lgna?popggﬁ$§¥3§¥%%%g%g%?ggioxi%?cpgfychIQﬁ%@?%@ﬂES?uraﬂ?lp%?EY}setc.

A heater 4 iﬁg%laceq)o t he, peri phery of the gas discharging pipe 3. The
|

heater 4 1s' ‘S HEAIHPHERYLe for preventiBGCthe detection subfeg¥ins

1 dher | to the inner, wall of the gas discharging pipe
§Ub5t ances f'r(grgly%h orod{]genzoparadioxnl, polychl%rodibenzo uran,

etc), etc. A heater 4 is placed on the periphery of the
gas discharging pipe 3. The heater 4 is a heating device
for preventing the detection subject substances from
10 adhering to the inner wall of the gas discharging pipe 3.

The ionization chamber 1 is provided wifh a vacuum
ultrgviolet ray lamp 5. serving as a vacuum ul_traviolet ray
generating unit. The wvacuum ultraviolet ray lamp 5
generates vacuum ultraviolet rays L by a discharge of a rare

15 gas such as Ar, Kr and Xe, and a gas obtained by applying
Hz, 0Oz, Cl; or the like to Ar or He.

By changing the kind of a gas for dischar.ge in response
to the ionizing energy of a substance to be detected, the
vacuumultraviolet ray lamp 5 changes the quantity of'photon

20 energy of the generated vacuum ultraviolet rays so that it
is possible to prevent the ioﬁization of a mixed substance
having ionizing energy higher than the quantity of phot.on
energy and also to suppress fragments of the detection
subject substance. Moreover, instead of the vacuum

25 ultraviolet ray lamp 5, a laser or its high harmonics may



The ionizatien chanber 1 is provided wwth a vacuum ultraviolet ray lanp 5
" serving as a vacuumultraviolet ray generating unit. The vacuum.
ultraviolet ray lanp 5 generates vacuumultraviolet rays L by a di scharge
. of arare 15 gas such as Ar, Kr and Xe, apd a gas obtained by applying H2,
02, Cl2 or the like to Ar or He. By changing the kind of a gas for
di scharge in response to the ionizing energy of a substance to be

detected, thge MQ@@U”‘Phtf@YEO&§§efayyl@W@néiﬁ@aﬂggsqﬁQStgH§n5k?ﬁhgﬁloOtOn
20 energy of the generated vacuumultraviolet rays so that it is possible
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hi gher than the quantity of photon “energ 0 suppress fragnénts
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ultraviolet ray aser or r MONI"CS “may

this case, b P t uantity of photo energy to be geneyated by
usi ng a wave 8%8?%%%%#% na%"é?,fla??rge%%}’re ep‘b%%?b‘ﬁa G s‘%‘éec eR@Eh
substance to_be.i oni zed. Conventionally known |asers nmay be used as the
wavel engt §a6é?%§ﬁ 4%Ser. The sanple gas Gs, directed to the ionization

hanber 1, is subjected to the application of the vacuum ul travi ol et
charb %he sample gas SR directed to the ionization chamber

l,issubjectaﬂtothéapplicatimnofthevacuumultraviolét

rays L outputted by the vacuum ultraviolet ray lamp 5, and

ionized by receiving photon energy from the vacuum
10 ultraviolet rays L.

The sample gas Gsi thus ionized is directed into a
mass spectrometry device 6 placed next to the ionization
chamber 1. Upon receipt of an instantaneous accelerating
voltage, the ionized substance in the sample gas Gsi is

15 directed to the mass spectrometry device'6, and allowed to
fly inside the mass spectrometry device 6. The mass
spectrometry device 6 measures its flight time.. The flight
time and the mass of the flying substance have the
corresponding relationship in height so that the mass of

20 the flying substance is detected by the flight time and the
substance is identified by the mass.

Example 1

Monochlorobenzene diluted by helium gas is adjusted

initsconcentration,andusedasasamplegasGs. The sample

25 gas Gs to be directed to the gas discharging pipe 3 is heated



rays L outputted by the vacuumultraviolet ray lanp 5, and ionized by
'rece|V|ng photon energy fromthe vacuum 10 ultraviolet rays L. The sanple
gas Gsi’ thus ionized is directed into a nass spectronetry device 6 placed
. next to the ionization chanmber 1. Upon rgceipt of an instantaneous
accelerating voltage, the ionized substance in the sample gas Gsi is 15
directed to the nass spectronetry device 6, and allowed to fly inside the

Mass spect ropyt £Ne dRMA €€r G., THE TRSS diSPEEt & QIEs EMedfcyﬁfﬁa@lgﬁaéHéﬁﬁ ekl s
flight time. The flight time and the mass of the flying substance have the

correspondi ng . rel ationship in height so that the nass of 20 the flying
substance is detected by the flight tine and the substance is identified

by the mss. Examphe.l Mpochl ox ehengens iduied, by hel| ymogs Ls. gdbyst o

inits concentration sarrp GS to

ne diect e o the g dschetal B aLas %,y ferled. by g et o

then directe 0 the 1oniz on C

the Ionl%gtlgﬂtrngo et rayg iqglzggeu gguﬁ%?%&%&é¥1é¥gﬂIffﬁlfgmngFhe

vacuum ' ‘
The vacuum ultraviolet ray lamp 5 discharges a mixed gas
of H; and Ar in the form of microwaves as vacuum ultraviolet
rays L, to generéte light having photon energy in a level
of 10.2 eV,

10 The sample gas Gsi, ionized upon receipt of such vacuum
ultraviolet rays L, is subjected to a spectrometry process
by the spectrometry device 6. The minimum detection
concentration of monochlorobenzene, obtained as the results
of spectrometry, was 5 ppm, as shown in Fig. 2. The same

15 figure also shows the results of spect:omgtry in the case
of the ionization using an electron beam of 70 eV that is
a conventional method, and the minimum detection
concentratign is 10 ppm.

Fig. 3 shows another embodiment of a detector of

20 chemicalsubstanceséccordingtothepresentinvention,and
the arrangement of a mass spectrometry device 6 including
an ionization chamber 1, a gas injection device 2, a. gas
discharging pipe 3, a heater 4 and a vacuum ultraviolet ray
lamp 5 is the same as that shown in Fig. 1.

25 In the embodiment shown in Fig. 3, an ion trap 7 in



S ultraviolet 'rays L by the vacuumultraviolet ray |lanp 5. The vacuum
“ultraviolet ray lanmp 5 discharges a mixed gas of H2 and Ar in the form of
m crowdves as vacuumultraviolet rays L, to generate |ight having photon
~energy in a level of 10.2 eV. 10 The sanpl e gas Gsi, ionized upon receipt
of such vacuum wultraviolet rays L, is subjected to a spectronetry process
by the spectronetry device 6. The m ni mum detecti on concentration of

monochl or obepagare: 20Rt ghnedeaschis eesWlths ¢ @fi SREGY! @BRNELY: 1WagyP+RARM as
shown in Fig. 2. The sane 15 figure also shows the results of spectrometry

in the case a@fqddenkQritzat i afUsHAS: ARp e 86t 5 b heam 96,29 €V-Lh ubs a
1

conventi onal nmethod, and the m ni nrum detection concentration IS

Fig. 3 shows another <Plvd detect oraghy ;20 ehep, akoﬁuterta%nses
a a nass

according to t e present I entlon angenent

Spect o 1,0 oyl i pg A Lgpketon hatber 2, o doe ol ect on
2 LA LS U FATR, B Aala SO0 El8al £00 e pIbOdhuEc shown
formed IS fur%hg%ns to be condensed and accumulated in the ion trap 7

havethecorrespondingrelationship. Substances other than

a specific substance tobe accumulatedby receivingavoltage

of a specific frequency are ejected from the ion trap 7,

10 while the specific substance is condensed in an electric

field with a high frequency voltage.

After the condensed specific substance haé been
acéumulated for a predetermined time (several seconds), an
accelerating voltage is applied to the specific substance

15 séthatthecondensedspecificionizedsubstancewitheahigh
concentration is directed to the mass spectrometry device
6 and allowed to fly in the mass spectrometry device 6 So
that the flight time is measured.

The flight time and the mass of the flying substance

20 have the corresponding relationship in height. These mass
spectrometry device and mass spectrometry method are known
units referred to as the flight-time measuring type mass
spectrometrydeviceeﬁuitheflight—timenmasuringtypenwss
spectrometfy method.

25 Example 2



added thereto.” The ion trap 7 is a conventional technique, and a high
“frequency voltage is applied to the ion trap 7 by a high frequency power
supply ‘8. The frequency and voltage 5 of the high frequency power supply 8
.and the mass nunber of ions to be condensed and accumulated in the ion
trap 7 have the corresponding relationship. Substances other than a
speci fic substance to be accunul ated by receiving a voltage of a specific

frequency are ej ectsethgromaesi,onitreait el t10tWRI k 8nt B t3RECEHLGYPSt ance
is condensed in an electric field with a high frequency voltage.” Aftér the

condensed speg fiensehst anssnhas heghe %Cfcugfyéﬂ@qtfi%@ a, pr eqel %Q"cp;%g\ time

(several seconds), an accelerating voltage applied to the speci

oncent Tati oh e G FREtod 10 her materEy crfe bl £ LR AT Ra e A e oed o
The f1ight t Eetaad THOTeREE HFURE TR Sy cibatntee Sotnave neeiich :d'
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measuring type mass spectronetry device and the flight-tine neasur[n% type
mass spectr ﬁﬁ??eﬁét nulatedwhile receiving an applied voltage wit

a specific frequency inside the ion trap 7 is two seconds.

As shown in Fig. 2, the minimum detection concentration as

the results éf analysis in the flight-time measuring type

10 mass spectrometry device 6 was 1 ppm.

As is understood by the above-mentioned explanation,
according to the detector of chemical substances and the
concentration measuring method of chemical substances, the
ionization efficiency of a specific substaﬁce such as a

15 halogenated organic compound is improved so that it is
possibletopreventtheionizatioﬁofothersubstanceshaving
ionizing energy higher than photon ehergy and also to
suppress the generation of fragments of the specific
substance;thus,itbecomespossibletoimprovethemeasuring

20 sensitivity and also to reduce the costs of the device and
simplify the device.

Moreover, the application of an ion trap makes it
possible to increase the detection sensitivity and to

minimize the minimum detection density and consequently to

25 carry out a concentration detecting process with high



25 Exanple 2.11 Sanple gas Gs, directed to the ionization chanber 1, is
“ionized upon recei pt of application of the vacuum ultraviolet rays L from
the vacuumultraviolet ray lanp 5 in the sanme manner as Exanple 1. Here,

. the tinme during which 5 the ionized nonoghl orobenzene that is a specific
~substance has been accunul ated while receiving an applied voltage wth a
specific frequency inside the ion trap 7 is two seconds. As shown in Fig.
2, the m ni npmedatsicdd on concentration as the results of analysis in the
flight-tinme nmeasuring type 10 nmass spectronetry device 6 was 1 ppm As is
.under stood by the above-nenti oned expl anation, according to the detector
of chem cal substances and the concentration neasuring nmethod of chem cal

subst ances, thReudizatiepr ethbeieney of a specific substance such as a 15
hal ogenat ed organi c conpound 1s I1nproved so that it is possible to prevent

hal ogenat ed. or gar ible to

phot on ener gy and SPog S0, SO Cel | RESGRETats b or DFPAb AT B L AE
ifi o b S o ibl.e toi t [ 20

Sensi tivily AR args (e TREOEoFEIS R QoY S TR T gathe

devi ce. .
substances of the present invention are suitable for

detecting trace molecules such as a halogenated organic

compound with high precision.



Moreover, 'the’application of an ion trap makes it possible to increase the
‘detectlon sensitivity and to mininize the mninum detection density and
consequently to 25 carry out a concentration detecting process with high 12
. precision. |NDUSTRIAL APPLI CABILITY As dgscri bed above, the detector of
chenm cal conpounds 5 and the concentration neasuring method of chem cal
substances of the present invention are suitable for detecting trace

nol ecul es such as a hal ogenated organi grag@ypound with high precision. 13
CLAIMS 1. A detector of chem cal compounds conprising: a vacuum ul travi ol et

ray generating unifp W*é't‘é%tdler@fa&l’?ém)l@‘é‘iu@otrrﬂgdlﬁmvdg@&m gysihar tonizing a

sanple gas 5 in an ionizing chanber Ss spectro try dnit which

measures the flight ¢hgguaf @1@99§gag§e 1hal, has,been;aecel,grg §g§gb&fo ,

accelerating the sanple gas ionize un1u tra 3
The detect or oh RN £8L LOMPRYILS AT LG 06! AT, 1o WELELT o §Ss
vacuum ul travi o ray generating uni
5 1in an ionizing chamber; and
a mass spectrometry unit which measures the flight

timeofasubstancethathasbeenacceleratedbyaccelerating

the sample gas ionized by the vacuum ultraviolet rays.

10 2. The detector of chemical compounds according to claim
1, wherein the vacuum ultraviolet ray generating unit is

a light-emitting lamp using a gas discharge.

3. The detector of chemical compounds according to claim
15 2, 'wherein the vacuum ultraviolet ray generating unit is
allowed to select a substance to be ionized by changing the
quantity of photon energy to bé generated by changing the

kind of a gas to be discharged.

20 4. The detector of chemical compounds according to claim
1, wherein the vacuum ultraviolet ray generating unit

generates a laser beam or its higher harmonics.



a light-emtti'ng lanp using a gas discharge. 3. The detector of chem ca

" conpounds according to claim 15 2, wherein the vacuumultraviolet ray
generating unit is allowed to select a substance to be ionized by changing
. the quantity of photon energy to be gengpated by changing the kind of a
gas to be discharged. 20 4. The detector of chem cal conpounds according to
claim 1, wherein the vacuumultraviolet ray generating unit generates a

| aser beam o5.its IthghestbatsRnd Echeiicdl i sl @stic M Lhe¢rLahaim
conpounds according to claim 2, wherein the vacuumultraviolet ray

generating UQLth@féﬁﬁtﬂkh@a@%@ﬂi&iYrQBi%h@&pﬂaﬁ@%ﬂﬁ&éfHﬁgLQﬁH?GQEggsby
using a variable laser so as to select a substarice to be Toni zed. é ta6.5
0 o,

The det ector tpfe GhRHCAy c&ﬂp@waééna@ﬁgrerglgg% QA é){‘aet@é ggbgﬁ .S

n
wherein the chemcal substance to be ted is a ha ogéna org

conmpound andt Qﬂﬂ; i 0 [,S.lonize _vacuum 10
ul travi ol et F’S};}gaﬁa}\% %%‘ p o%gono%%ggg%eo é?rit’(;tg];jsedskgsé%gﬁetﬁ%bg? oh??f‘ﬁaéenergy
thereof. 7. The detector of chem cal conpounds according to any one of

clains 1 to 5, conprising an ion trap for generating

6. The detector of chemical compounds according to any
one of claims 1 to 5, wherein the chemical substance to be
detected is a halogenated organic compound and the
halogenated organic compound'-is ionized Dby Vacuum
10 ultraviolet rays having photon energy of not less than the

ionizing energy thereof.

7. The detector of chemical compounds according to any
one of claims 1 to 5, comprising an ion trap for generating
15 a high frequency electric field therein so that the sample

gas accumulated in the ion trap is accelerated.

8. A concenﬁration—meaéuring method .of chemical
substances,wherein1u>aspecificsubstancehavingionizing
20 energy, vacuum ultraviolet rays having photon energy
exceeding the energy are applied so that the substance is
ionized by one photon energy, the ionized sample gas 1is
accelerated, and based upon the measurement of flighf time
of the accelerated substance, the substance is identified

25 and the concentration is measured.



15 a high:frequency electric field therein so that the sanple gas

-accunul ated in the ion trap is accelerated. 8. A concentration-neasuring
met hod "of chenical substances, wherein to a specific substance having
.ionizing 20 energy, vacuumultraviolet rays having photon energy exceeding
the energy are applied so that the substance is ionized by one photon
energy, the ionized sanple gas is accelerated, and based upon the

nmeasurenment o, flight tofeenefrathemaeel enalfd subst@pge, dihe sybgtange is
identified 25 and the concentration is neasured. 15 9. A

concentrati onymasiiddg, MRl Of chepLal £1 Subst Sa h%qrng[ ohe Zgﬁlgvi ng

speci fic substance having ionizing energy, vacuumultraviol rays

photion ener gk deeedig e eenay areepild ed 5oLl Hhesybstance s ©

ioni zed by one phcton energy, the ionized sa

the measur emert ST ani® THERIGrot het BREer 8 IPel Ehbb ancko SERa Bunet ance

is identgfi E_'L%n%%c} '}?YCQH eglhro%toinoner;esré@a,asgﬁgd'io%w.olzed sample gas is
condensed by an ion trap, the ionized gas thus concentrated
is accelerated, and based upon the measurement of flight
time of the accelerated substénce, the substance 1is
identified and the concentration is measured.
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