GAS 'REACTI VE Pl GVENT, GAS DETECTOR USI NG THE SAME, AND GAS
- DETECTI ON MET, AND APPARATUS USI NG THE DETECTOR.
. FI'ELD OF THE@ENTI ON 5 Thi's }nvention relat to a pigment

conpri sing a tetraphenyl porphyrin (her AT BA §4p20Ked to as TPP), -
a deri vapoeamidi B} OF a ngpglcﬁﬁfgwﬂ()ﬂher eof whi‘ch has reactivity

or reversible reactivity with a halogen gas, a hydrogen halide gas, an
aci di ¢ gastleasT thel hvdnihrgas, 10 CROSEDCBAGTERYANT CNOSING M ERFBERN

can be used for detecting these gases in a gas mxture which is
suspected to contain at |east one of these gases; and to a gas

det ector; . .a gas detection nethod; or a gas detecting apparatus using

t he det dDednileddescxiptignfithednyeption] 15 BACKGROUND OF THE | NVENTI ON

Various neans.for detecting harnful gases in gas m xtures such as :air }
have hit hé?@lﬁliéﬁﬁh%&%wgé%ﬂ] Unli ke | i qui d conponents, gaseous [/

corponents & ¢ 4543 4e i LA 4 UGB SEhe AL B EHG 6
STPLovet | Blef hroogye ROSEARP At 0 el 63001, Bl 0

The det gabGih]t P@@ssﬁﬁ-}a ggdgfaG'eﬁges é#?‘?tﬁ% Yo" HRgakSthe S fiSEEE! When the

conprising a cafrier nma . er paper or silica gel. Provided
on the cRiMpéatuts od SHBEAANEfssure Wi tHe BAAREE SsColePhtdd)Oind &achi €lBsitigt h a
conponent to be detected (such as a pH test agent). The two ends of the
t ube ar emepdrertfor ersabhehgadesedtlmatterye i nto contact with 30 the detector.
The detection tube can be used only once and hence requires to be
changed. Detection sensitivity is‘in the order of ppm In addition, it
i's inpossiBIe F&}Tonduct conti nuous neasurenent with the detection

t ube. [Prior Art]The detection beads (2) conprise beads of silica gel, 35

etc. having su t t hereon t he. above-srenti one etect.ing . st.ance.
They are pl acegﬁg{enggf’ e‘é’l%é?‘éreﬁﬁlélggﬁngeﬁl@n% ¢ egeec%léoﬁ“éafg?ﬁf/esefﬁg?arfhei r
functi onph3etAGcRARaBSr iR%ize, ligleWREEACAnHUREYS enﬁgﬁcgft;ﬁe‘i}'dr%h&f‘e?%ecan
al so be used . -2- only one
time, tRheegbf tdeeVaqicouadBRitales WwRh RRH eREAHS density "B&S bet®Bt popular.
The detection tape (3) conprises a carrier in the form of tape having
provi dedBatteriesrwlicHetsschn rijk slihes maetad such aEhiBtHiungt soalivar drashtansiage asar e
the same as those of the detecti on beads. The const ant

pot ent i &n @ickver latetial pfsnegat{vy) electrodeatheredétesaplioynbaary tdontainers athe

10 ol sy b TS Ml En S5 55 L1 Lt of

ti th itivity., | dditi .. th | .ch .
detectors (2) SUH dhoplerel Aewihdatiesy irnit mgtted plorbiife, Srr .
Ther ef ongyeAfel &fs K hgfe%allgﬁgi@ %Bﬂl%ttﬁ?&é %fal?é(e% uk@ of tﬂg% gé%‘tfeﬁ 19953 gk

certain period eve concentratton, i 0” erroneously
change qbeoibAdasdlin@ledatéd iR rAABpAdssure thérdo®HAWAba WhBrd BMEhathay fshat
to be detected. Further, because the gases to be detected are '
corr osi \exposdrk taédtiglt ttemperaturbasr pashortigirebitl istfprm2ad inside or outdidéas the
recentl éﬂgeen reveal ed t hat nonopht hal ocyani ne and certain ]
"seni - cowdtravoro eavgs exlasge dlost iof thermyorents or a hydarogepraagaist generated igas
detector, For_ exagple, PCT WO 91/ 07658 (unexamni ned Ja}.panese Pat ent

Publ i catth§Pattery due tppyatsr S%tﬁ%l)na&w%}?égafﬁﬁakn%% UBFIPHS RFRSPENI ne

ri -y o e e B SHEh R ST SRR R el B dpStaTelinat s rliiping, battery
det ecti REICBENNBEBHSA A rg?]ﬁ%%ls,??x%?é 'mwvﬁ%\’grdanger of i E%E&{ RVik hnad

limted to the spectrum change etrabenzoazapor phyrin

bi s- machatysrlyl haeoinguhds udPon BecordgeSs Yhére! 8hoakE ®saciddildsbefor some
PCT WD 91/ 07659 (Unexam ned Japanese Patent Publ i cati on No. Hei

5- 50587 Presiwel oglessimgyasechanson before dhepiiterngl poessure (of therbattery is
tri-)azatet rab&nzopor phg_ri n as the gas detecting conponent, which
changes ¢288¢ &P syche Bighy petens. ~ conductivity when exposed to certain
KL nds. of 0ases.go The ceveral ROLARAL! B, SOMROUNAS, CONALD: SREQTEBEU bhltery

- 3- The above gas sensors are capable of detecting a gas
conmponent by virtue CfhissshehBa®een Repladdl or -or conductivity lch takes

pl ace upon exposure to conmponent but t hej FrisRN Gt
I d 5 that sone of the g det REPi VL

is not particularly hi
conmponents exhi bit restora- n of their gas detecting abiTi

some extent, but it generally takes a long tine for the sensor to
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Ther‘e has been strong demand for devel opnent of a detection system
enabling rapid, sinple, and highly accurate detection of harnful
cb'rrponents in a gas M xt ur e such as air. It would be of great benefit
to envi ronrrent al 5 conservation to detect harnful conponents in exhaust

gas aﬁ) P os€d Qind $REoP %Hbﬁxoﬁgﬁé: beén Ms@gqﬁtﬂﬂ&tﬁié st FHF mstance
such as hal og

etc. en or hydrogen halide, rapidly, easil
accur at &Japanese laid-open Phblieatiei eEI0R-304880 dﬁgcloséé N@@ﬂetﬂ' M&e for a
conventionally 10 een of interest, hal ogen and hydrogen halide gases

have nobattery, elvichecompmses aevdlvechpsbprerded dthend malr’d otﬁfthsecrdntahnhrcmﬁ)r
production. Therefore, it is desired to devel op a neans

hal ogen the battexyeand daviag awalve sbragghehole tmbe nqnénuplc@éed Ieith the méxd@ct ed

h both d
(V)“mb,t eﬁt Oiﬁf 3%%&?@?%5# rac)éﬁﬂ@ﬁ tos ?%%ﬁg:a@w W: gg% qudsids, epvahlé%nt
1
Fenct i orF iRt ROITINBEch vAve HEBbES af Jensh SV PUIAGEEPPRND AP S JADE an

oxi di zi %rga.? }?oge is amQéé'o‘% e?r  afifl £ GG %Eéxﬂb%?ﬁ%%shﬁ% AL e

usef ul . etecting suc ul ‘gases, eéspecl al gen gas

or a hy %eﬂﬁanaalm%e%ﬁrfalce mﬁemﬂw REmbeR 8! theNgalvB&Mrough hole: This
Anot her object of the present invention is to provi de a gas detector
whi ch i ssafisisf wlve diolde the tedlgbilityndfdheBattegobp eluin g the velva shroupdl hglken
gas and a hydrogen hal i de gas, in gas mxtures containing them

A f urt hewithbple trubberineade exdve mewmderj emd prevents therinvéeximlapdessece i oh
met hod and a detecti qn apparat us usi ng a gas detector faqr detectjng
har nf ul RedtFoNEIRES rigngHNagxess ofaa Wé@ébﬁdgﬁe%ﬁﬁ'ea mmagéﬂnaaﬂhed@ab@s

DRaw NaSoER hole to BRO0RRd ket The, intepadl 55%%@?%5%%33 e yeseyge

detecti he present invention. Fig. 2
shows a(r)é]rg &QB‘% %‘stﬁgﬁg%l ca’ltn(gle% ‘ber type gas det ectl on appar at us
according to t S i C n
Figs. 1 and 2 :Er;l(l:lﬁ gt gtﬁ%vhe'él@ib?ﬁll s%ﬁftryox\;\?lrw{s lrli%s beef[h\ﬁu{e% IRACH NeRM e

- 5- batteries. 1HowevbBasiiha8gn6elyet beeh usedsﬂbsﬂfea&@n-aqueous batferies.
Det ect or 4 ... Gas to be exam ned ... Exhaust gas

6 ... Havhgphnetnphpy alkaline meta¥s as.thier agtied cmammrhlrcdcﬁm megaﬁve electrodsg, . ..
Mul ti photonmetry detection instrunent Comput

11 ... NeBeuritngs detnossible to obtaipisuch o ibigh sealablhty as 1@qu1red:af§§a@@

ector aph

show ng ARESGHEMSE bRHeFies etaifciisPEsEt. BgmbesrPiasees CagivAlEe Rt Loof
the i nvetﬁ vg%vg%hrough hx\ﬁ\/@ &@gﬁ& §1°§65F‘8&?%§C“ on w th hydrogen chloride-

cont ai ni Howi ng the change in

reflectance 15 ot @Nenein éﬂﬁ%d%%‘f%e‘l@aﬁhg"ﬁi@ $n¥rnhGHreBYS | b?”a':‘b%ttééﬁl < 4

| ength, in the reaction wth chlorine-contal ni ng gas.
graph sheMichgréqérée nghsatdliliogtierdistlossd in Japhneyee 14d-ddwe pedtichtion

pignents of the invention, neasured at two wavel engths, in the
react i orSHOt 63@58586@erﬁmtihlermd'd}od2®he containet of the thadtpey lgqsrowded with a
Fig. 6 is.a graph _showi ng the change jn reflectance of anot her

reactivé b‘i"@?ﬁbﬁ’@rﬁwtqjﬁeﬂf}%i)é}‘k phisyall Wagr‘bllseﬁ]@miledl nortlon i3 ferrpedidyyi edldwi t h
Qﬁg\r,moﬁgnp glllé;) h;gﬁgé:tog,f ?}ém n h%lrb%g}ngz press device untll ' the Zhlcf(nesg ot

5,10, 158l aalbol Ay e g%&@%ﬁmﬁm B st AVALERH thereot e

reacti on w en ¢ e-containin

Fig. 8 'tﬁeabﬂrtéﬂh lgfprbom(eaommae%b@&ts@awhtzf;ﬁ w1|Bque%Q§6J to thlscmlﬁhbéewgﬁs |

concentration, in the reaction of 5,10, 15 - 30

t et r aki q:(o%tlbhdmlﬂheélyt Jponphyransfovnidd fiyoeas egpartchf tlié dentinuous owrdldiofithe

ni trogen gas. Fig. 9 is a graph showi ng the change in reflectance
of 5, 10,012516@@8@& raki s(4- hydr oxyphenyl ) por phyrin vs. wave- l ength, in

}:Pg r ESC;[ LOQ \é\llr %gg&gq%gug%h&%g%%éont a#g%%%hg% ‘tﬁist %938?)@?%%é(g?sed in
| 100/y.ef | ect th t .
5.0, 15 9 FEet At Sty dr RticRy ST RIP 80w oy dplsasipe mechaniom

- 6- chl ori de-contai ni ng nitrogen gas. Fig. 11 is a graph
showi ng the change in refl ectance OfThis Sheet Has Been Replaced

5, 10, 15, 20- t et r aki s(4- met hoxyphenyl ) por p length, in the .
reaction with hydrogen chloride-containi !ﬁ, umggm gas. L _Fi.9.

12 is a graph of 10g(100/reflectance) vs. chl or isde—gas
concentration, i nt he reaction of
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The 'present invention preferably provides: a gas reactive pigment

represented by forrmula (1) (herei ngfter referred to as gas reactive
pignment (1)) 10 wherein R is a brom ne atom a gas reactive
pignent (1) wherein Mis zinc; a gas reactive pignent (1) wherein

Mis zi ng geda val Hﬁuﬁnﬁ%ﬁﬂﬁﬂ%dﬁ&@ﬂh d of tke A8881 EdftaPh& BNt
(n V\/nerermrltﬁl\l/lrs zvran‘(,:e and 315 to 5 or e)\l/)gﬁer?org outg%EHS R s are brom ne

at ons; agthattery having sgdwtiopacind elippesednabove thieeeRictrddel sldment ofnthecach
of all Rs is a bromne atom I n anot her aspect, the present

i nvent i dsatpexyyiatak adegdsfor brea]eian@t twerept glrirs;msedcnbﬂviesihegvalv‘émia@éwagm ive
represented by 20 formula (I

wher ei n 12 ithi stanture Wtaenoaat intesnpl pmeaswgent é’b@r’rbﬁte@’ s elevatqﬂorthee
hi b d t
B O et ARG i S ahiied o ey D B tes o, basrleing, capieRh o e

having 1 to 3 carbon atons); the plurality of Gs on the 4 phenyl

gr oups |91u(f55’é¥‘idently represent a substituent selected - from a hal ogen
atom a hydroxyl group, a sulfonic acid 5 group, a carboxyl group, an
al koxy group, and an am no group, the positions of which on the phenyl

groups MEyPREblem to bBcBRELPRLE A&k and a, b, c, and d, which may be
the sane or different, each represents an integer of 0 to 5,

i ndi cating the nlmmrdm‘g Gos the emebhedenygl disdoged plmvr.]dpdnééb t heoid-dgem

conpound wherein all R s represent a hydrogen atom and a, b, c, and d
al | represkliativn SHQA3:288859, it iswkesessaryt tee obtajmeatthinsed anallindrtipn: of at

| east one of . the ment i oned har nf ul ases The ,pr.esent
i nvent i othepﬁ@tt@r%t 3?0@@\9 sthi ngsa nortigre saR; e repem areaprretaémeén lsvf

formul a herei nafter ref red.to.as S tiv ment

wher oi n RIESWE HoWeYtradpescht WAL Bprb8 8 RS b0 FRHUFL R Eesr dapy

car boxyl p n i p t y
ar oup. ” Zgrmed. A Por Bnfdule ChibeRS, Achil PprdetbOiRE WA Rl b
det ect Orséa%blﬁ%i'%@thé\%a@ier&%ﬁtal%ﬁ of the above mentioned harnful
gases, which conprises the gas reactive pignent (1) or (I11).

The present invEaithen, mlehehedials pro\wrdesssaddos coid wiefddngothepripevithbly a
carrier having the gas reactive i gment provided thereon.

The pr es@ﬂelmm\aeworlo&napderﬁmgamtqblmov vargtle hardenisigeef the predplyr doeshy
the steps of; dissqlving the g reactive pignment in a solvent

t oget herngi 2hvaysniake Rlage umﬁarr@/brmandaﬂtﬂryqug theresaniges arpraplemethat thece

of a carrier the solution.to re ngethe sol yent

The- pr osBifHAECRI I G SPOBIRTRTH rﬁésa%rnsaee anisLcaoRgt TeRUATIE DS he
1 % RO S THAR TR SOIPAG: bibnosed < TlYahe! AErk AP (4R AERE Vo

pi gment Fe carrrer i mna su str
an opti c@inhébehart of tHRARRI o8 ALatRE§ISo AL | 8 ieetxtremely diffichl® &
further aspect, the present invention provides a gas detector

conpri sidegtislhghe Yemladhinigntlsiokibessabd ohe Whitned portion after etching, and also
- 9- t he gas reactive pignent. In a further aspect, the

i nvent i otiffieudtitdebtainatgeod yield. fﬁmothet ecoblngn is thatathe badf-efichefgortion
above-nenti oned ar nf ul gases, e ringi ng the gas to be
exani nedcanmoy bes tregnfrom Wtﬁ?r@rﬂ}m@n@ @Fn ‘PJ@S:aBBa a’r?éﬁfqrén e nyeueisor s
and nmeasur | n&gol or clg nge of the gas reactive pignent. The

i nvent | S5 &t B ABTRFEH%bvi des a method for detecting harnful gases, in
whi ch the colorg ﬁhﬁ{bggt}{gr h ﬁd ccorgﬂlsg Ec?eﬁﬁe'ﬁﬂgflpd@%naisbﬁngQﬁuﬁﬁgaxge el he

basis of the change 10 In t sorptr on or ective spectrumo gas
reacti veajd- ope@l@mmattdh tHnEI GBI ETIGY, it is necessary N® hBMERtERN cORBLEN MRl Y
provi des a nmet hod f detecting harnful gases, in which the change in
t he daithowfptheocutoponteirt foctriedeirs tlec lgadm @this e ar saetre \peoblegméntvidd of i s
measured at a_specific wavel ength of the spectrum and t he measur enent
i s condués sprking pregsapd Laothegmrofrarisithat the qurserinis net relialughroken
reflected fromthe detector while the detector is being irradi ated
with a |4 g"htprg%iﬁt élpless‘“erhr s enbodi nent may be nodified such that the gas

t 20 t | Lf :
St e 20 PR e R A A A U RS g

is measured. In the presence of a harnf ul gas, the pignent_w.l]| change

in terms of the fluoresceThissSheet Has Heenbla@ti t he wavel ength at Wi IS ISHEEP HAS BEEN

excited or it emts 25 f

The i nvention{pref emai@,lA)CED
provi des a nethod for nful gases, in which the change—Tn
t he absorption or ref m of the reactive pignent is

: rreasured at a pI uralrty of vvavel engt hs of the spectrum 30 and t he
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.[er‘r]'_,. ',. and neasuring the col or change of the gas reactive

pignent, 5 while the detector is being %rradi ated with light, on t he
basis of the changes in the absorption reflective spectrum at one or
nore specific wavel engths, wherein the measurenent is performed with’

regard taq,%gfi% iéh'aﬁh ob]%ct of thé &ﬁ@qnbeﬁﬁaaht@rpfoe«m@% edodd 0 Batbsy

det ect or a yet further aspect, the present invention provides
a gas dqh@&tpoeatmgpar am fchip Gehixdl icag bk kgAY ané atcurAeely buabpvg a
menti oned harnful gases, which has one of the above- menti oned gas

det ect orpgreptrbed prasamrpasspgmaﬂ&neatteadaw poedsare, so eeatn meltatt dhe idteomah.
15 Gas Reactive Pignent In formula (1) representln t he net al
conpl ex mesTRR thereof anddwhichrchncbe meawwfactuted easilsi andmlpetalprovidelaudes
zinc, copper, iro i ckel , cobal t anese, titanium and al um num
Zinc, colesing mem %FF ?FHF"’enbrs@*‘g lPé%‘iT%E eTR represents a hydrogen atom a
hal ogen atom (fl uori ne, chlorine, bromne or iodine), a nitro group, a
cyano group or an al koxy group (e.g., nmethoxy or ethoxy). A preferred

hal ogen at a|n§ @E%HN}E tﬁgepxgg groups may have one or nore
ey no

substitue s as long as"t alter the gas 25 reactivity of the

pi gnent . The present inventibRepEASdéLaciloyal PasiERHtwhich Eanapeised 6 on
cont act wi th the above-described harnful gases: the col or change

is so sigeldctruile ¢lbaienittconbistimbsoha Positevs eldcttdde, tonédetive electietdec aindn of
har nf ul gases. The initial color of the 5 pignent and the color after
react i ora despemdtarn ameelectrobttearm|haMmselMa@wmmMmg]esaadnelectrode

The col or chan e of the, reactive pigment (1) al Iy, reversi bl e.
That i s,element a&ﬁh% vmtén% eleatrolyte; g ér‘tlgSlPS linegﬂ é#tﬁéunc IRET t he
gas is r eMbue

dependi RF*P eryo‘#?lnhQ%QPaqﬁqesg%tﬁg&BrnﬁPldaﬁg{tﬁg8%???%% gbl o ]}%oﬁ(gélf‘tn@d
For exampl @ont gf tﬁrx@aﬁﬁtt}ég)( péogﬂgﬂ: W.(v%%ez%ﬁf'tsaélﬁ' élgsfn!gn%ember ac%n%ﬁ‘%s f a

transiti‘on net reversi Rydrogen oride gas, oW ng

rapi d andeffveibstRite, 5Q)a%@ble%‘eﬁt5wh1ém§ f)ﬁﬁﬁ@é@‘ih @Rid eqeral 'sﬂBsﬁﬁBé bB Haus
measur enent . Those TPP derivatives of the present invention

which  to seave o304 rokbalng chipl exds thdtewhleaotirf fnteinaleprssges of ¢he thattery

pi gnents for gas detection. That is, the reactive pignent conpri sing

t he TPP iderlevatieidy she emles elemenbys benmircan(a |b)enﬂmg falcauot sveaqotcg weavidel | ))
is also excellent in that it shows, i cant, coI or . chan upon
react i orthgi Iﬁlﬁt%}a‘é‘lbsé}‘atﬁh‘élth an opgaElg 9@%@@%% e%ﬁ‘l}lga mtﬁyna ’éﬁ‘SéPF%d

h b Th f b
R por - and g PRl ol bl B RGO SR Wilker PRSiBT U3 BRGMEHEL SEPSRary 25
(L g (o STR6E GUEBRE 18T RATNG A ATBLiADeRyBER the cixBRhAGHL et hey

are preferred for eir a y t'o revert Reir origina

the numﬁérmihe Fhera sutblaﬁrate an@';&%fﬂe% @Q:R)sﬁ&@%éﬁﬁ%ei‘“fbxh wRarinf é’ehd
gases at | ower |evels. Wth'regard to the gas reactive pignent of
30 f orcleded Kdttdry.i f the substituents G on the 4 phenyl groups bonded
to the porphyrin skeleton are taken as (Jerr])a, ile{err]) b,

(derr])c, and Acpeding) & the pmspnefleweeuonhmhqmé ehinternalepressure of a
meaning (Jerr]=Ferr]=err]=Ferr]). The suffixes a, /b, c, and whi ch
denot e th?é HIAS R emtefir@l%mm%m@t AL sﬁ\éﬁfryﬁ Célerge g?ro ijlihtﬁyabe

t he sang fferent .and & epres inte The SI tion
of G on e ShinsrEgeulE ohs R Hn bRt s hich o valts ElSeRbin BenE

phenyl
Speci 11 ¢ exans 8% of° G ITEPLAES KR SgEs Bke = @ mﬁ*al%xlw%s%u%as 2

sul f oni GyrA€dreh G Rcc@raGar ihessr HukD is laid o¥Br aheOxetal @UBstratd -so AEHBOXY

or ethoxy), and an am no group. Preferred of themare a hydroxyl
group, alaser dndthydmgls hgtowhicla is usfioly claeddwiphothe, valver elehrentabparatasdoa
met hoxy In the TPP_ or derivatives thereof of formula

(1), transfﬁaémeltglf @ndepush andneaist thaadvwelement ek is myevidedewitd a
R prefer epresents a droe at o ments.of th
prgsent véh‘f‘i"ﬁn @\Ee CS‘”&HE} éqry:g nhereQE]ommed}rﬁé’ﬁnE@T"q fChg%cbgséé‘?%tnca y

E:)etl(r)agg %Jot%ere % s?‘ﬁl Flhe 9@@85'%}% )s_éxh%e}eagj:%pﬁ 8 Bge%crpbed pressure, the

5, 10, 15, 20-tetraki s(4-bro aSBrglReEIIHdZSH por phyri an
t et raphenyl por phyrin tet rasu d are commerci aI I
from Tokyo Kasei Kogyo o Japan. If sone

are not comercially avail ab e they can be prepared in

5, 10, 15, 20-t et r aki s( 4- net hoxyphenyl) 21H, 23H- por phyrl n;
Eﬁ (BEEN

W th knovvn rret hods For exarrple for the preparatlon of 20

T 1 Y



the ¢ol or change in the reactive pignent provided on the 25 carrier, by
way of the spectrum change in the |ight transmtted through or
reflected fromthe detector. 5I'he gases detectable by the present
i nvention are as nentioned above. The basic gases include amoni a gas.
The or gaaice @féxﬂeﬂ%@%mo%wdealééu 'ﬂgcoﬁ'i‘nh t8ahe Mﬁla%mrﬂbf B8 shtgélﬁ&%he
include HC, HF, HBr, etc. "The oxidizing gases include dferr],
Flerr], nBéﬂaerfo]il beirsts beildet aed dcupRiRdyridordidcharge thle ihisaaharast of thases
i s requi red, for exanple, in sem conduct or production plants.

The col dattdrgnse that ehealyarptr sautg vb the gubemalHievipedature ak esippiee ef then
contact with the specific _gas, can be nmeasured by way of a change in

t he ||gmatm§mampmlouslym110rvame&rhe I'ight source to be used for

measur enent of the spectrumchange in the transmtted or reflected

l'i ght 14 - i ncl udes natural

white lig hal L or one or nore nonochromatic |ight beans.
Si nce the?‘%%egatrggcﬁg@gd@%ngnt s of the invention exhi bit significant
changes in the'T gtré?éezxtui}%n%ﬂt ﬁcho ﬁb&%’ﬁoi wﬂ‘g Sfbtted

changes can be by way chianges in t |ght orption
spectr Ur@nﬁ’lﬁ‘tﬂi‘i&eﬂtgeaﬂélsexample@eir@f@iﬂhQ £ thiaediaweidd. orFigavg 3 ahvegdiedt i on
sensitivity. The colors of the reactive pignent, i.e., the

ori gi nalsection viewwhdwahgran appeaptriwf A mni;deta‘lylclomd baiﬂletyhef tlé presditter
10 the contact as neasured by the peak wavel ength and intensity
wi || varpverfiendi Hig. ¢his heplamei viewushowing aeealve \bip of tFl)qs ¢Jased battery of

Al so, the reversib]e changes_.in respect of peak wavel engt h _and _peak

i nt ensi t’ﬁbel HrQﬂ@&trmé’ﬁééltOPa IZhihis el vesticy ﬁeﬁ'@"ﬁagl%a%q“(}@gp °§’eof

th t th to b ted: F | e
oact | vamentongd CRERE Hiny | Bigiofobbay T %r%?ecé@m%’troﬁ%% Fgognd

d b t t t
v oger PSRt AP hapaatd 3L eEh Vatvd THEY 5 des of diborfuiy.  FIETEIGRT A 1,
the peakar\@@ﬂ'lﬁh@%é\bs andwh € other ethBbERSeAtS dHfthen@alopRBIg UM Further, thl s
pi gnent quick reverts to its original state. Therefore, it is

sui tabl e fI@tr Figelj a cgimdficalubattess Wwoabiner 30 didvingas Ihottdh| svhich
pigment is reactive to such a | ow concentration of chlorine 25 gas as
about 0.sérygsasia hegaingé @ée@tﬂ@ tervensd, ba¢qon:3m0dates Fureledrode elempeghsit s
used in detector Nos. 7 and of npl.e_ 4 herei nafter descrjbed al so

show suﬁ@g%ttrheﬂfa‘{vlth an @é‘?@f’]tyt%l"t’l}mbolsa@@lﬁtei fﬁ% be pydridgen Tdw plectro dQas
' th | | ent bilit) d
Cher of ol h By sonstestety pf 14 ousd Tariite, RSHE oforantibes: o PORLVe
| n order 1éc%r{ﬁ’é<§2£ hg sgﬁErJdtgﬁ%tz'bvgn?Leg%E&m%"eﬁeaclﬂrc?debgéc d1s&§)s§3‘?ﬁ)lp'3tsﬁ?eas ¢ a

det ecti Sn i S reco d tha
seni -t r 3R RRYsHIe BRCYVITR Sﬂ%tt(/iaxﬁhe?’éparﬁfcﬁ‘f ggbly a transparent pol ymer
matrix and ‘that the m xture be "applied on a carrier to provide a

detector. This gndbdiag cap 3dr@avigg ndasugk hblescOaagé 0 nwhivh absedtason
spectrum of the gas reactive pignent with ease and nmakes it easier for
t he rupture- preventmg mechanism and at the same5t1me as a pos}bmrat elegtngdéer go

reaction with hargt gases .and t hereby nhance sen5| t| vity
For exartpreinglis ttﬁfielﬂétca lggflerth%epp%@ppvee §REHeN of t eteoqatelmrs§8| ved

I f h 5
wbsor pt 1'5h FhaRsuTATe Eage i, live' the YedFRRhBIERtRF 00 OF sBlcer-ieor
the pl OnRAL, GyeR7ask Hilfileed andC! %a Befensdl ok oF 4 "ars0) Mobll sogrml i o

to a carrier as an al u trate ass su strate

0Pt Cal providetl the atlet horlibkof tThenhsecal 3, carrier facilitates the 10
measur enent . The matrix polyner which can be used for supporting
t he gas reacti \Retpiegnetite 0mea @ar 87 emdi thenclosiay tax BBaml yalve chip iViiwtladhas
long as it is sufficiently transparent for the pur pose of the '

i nvent i darmadahelosingy geembes| foy ﬁbdaﬁlmﬂ FBhBoﬁleﬂéngdpeal@m?mt tf’elfhtféibﬁpﬁ |J§n

oo o bsured oA SrbReny R o hR ualte ehiny VIS fritaet meith g pm@% 53

cellulo t t el kyl e 0 C cetate
but yr at Z)? tr}rlgd%]?éég %A %st g%cgg%er RASTIS éélﬂn 25 § Vi n%?by i(’)]#aﬁgo?1 8

copol yners, pol ynmet hyl vinyl ether, and nethyl V|nyI et her .copol yners
Non-limting exanpl es of pref erredhﬁmsceﬂmggeeguemg@h t he [mgs BHERBHAS BEEN

the polyner and the gas reactive-pi supported indl ude ARPLACED
[Iﬂlwl!H!ﬂt cal fiber, paper, glass
rved t hat the spectrum

al um na substrate, a gl ass substrat
change of the ‘gas reactl ve p| grrent “upon reectl on W|th a haI ogen gas

beads, and silica gel.



a hydrogen halide gas, an_ acidic gas, an oxidizing gas,

- 17 - a basic gas or an organic acid gas, and thus detects the
presence of these specific gases. It has not been known that the gas
reactive pignments (1) and (I1) have such properties. 5 The gas

det ect Orcihur iGeh 87h 1o the WHhEN AR 87118 AffnsulatinkGARKeY 0P gment mixed in

a transparent matrix or supported on a transpdrent carrier, can be
conveni ently usgdehd wike€ 6 is attaelel; thyoin Qpprbpriafe eddas, %B%Jiiﬂﬁnﬁfr duli€ace

pi gnent . The detection of the spectrumchange is preferably 10
carried sfutheusdlng chip Vosdrvineg s itheichgsing wasmben o closinghtleh upper opbn end
reactive pignment shows its maxi mum change in the absorption_spectrum
t her eof . portion of the Phtterp! ofhe Headjavioe & eetendachoi the poeitivet elepiznde glat pbn
wi t h hal ogen, gro en haI ide, NJerr] or SJerr] does not occur 15 -

uni f or m &g et?i?@‘ii‘@ pefemprt 83tire wavel engths of the spectrum The

pectra bof or & ARGHTR ﬁ:égnga%?‘?oﬁgakgn 5 VAt BhieaY 19,8y sRbrantially

specific t E r

eg per| rrerﬁc\,\&l\tljlglL Elg%aﬁ}% ee@tg or nB ?esdi E%gen{l ﬁtaﬁ@eﬂyﬁ%gsleﬁ?s&n{gﬁ%%%o?lyner
matrix %‘E’n} B8d a metTaPtf&P@h&dﬂéfeﬁttroaﬂ{é){‘fﬁMr At 0P thé Qh AN %u%bira\ﬁ@elr ein M
is a zinc atom and is a bromne atomas the gas reactive

pi gnent Ashg piageEal of lthe heleealnahbstirabe I,ebayr edet selested fromdnBhé- gifup and
the detector will hereinafter be referred to 25 as EC/ZnBr4-TPP), in
whi ch t hmchielingt @ istesd sheetusthinless steel sheetyntopper \ehieht l\m@aﬂunnnUm sheet HCl
in a concentratl on of m or m or N2 gas contai hi ng_no HC
( backgr omas)he used. tA@ar@ﬁt@realacﬁgf@eomet oa]ezeenbrowlmaddr@a the gropm i ed

ot ot dncnne bt ot ST 8 SephiBL, sdRoer G limituin foil, ke doil
results in,FEi aseC|f|c as with the detector
of the i?&%ﬁfﬁq%‘%‘ I}T%ﬁ%ééc}l %‘PES%|V| P is vvarran?ed by using a light
beam having a 5@&6 Bi Q:havm% fa}"’%‘dﬁhﬁa@ﬂia{"lﬁgfcﬂﬁalaﬁhvvﬁﬁﬂl qstefﬁela fXRhBi :Ea%té‘l

| ar ge change in ctance tHereof nore beans havi

di f f er endybstratéay &hRROHIS THRY ciReuldg aditl 8redtbelypradteres tthréush ik, metal
wavel ength at which the reflective spectrumdoes not change can al so be
used i n subybratat iroits timickhess dasetiohhéhoeghlthe above mentioned circular line

- 18 - obt ai ned at that wavel ength can be taken as a base |i ne,

maki ng ipanslys ddies amoea$hf¢e®moregntwgu®£ormeu bendimg fulcrumi porgian 4.

ST OrnrT 1 e fnngy BPEHOR KEERE) 1ok tBrsbhr B e f519 galve Clbment QQW%MS“ g
Fi 3, d ff le f|

of the i aRheE SR Pregthif FhRasing it for xol QIR Be REDED el A"

conpar i %t‘i&%&ﬁ? WHe eﬂ?é“iﬁ ernal IQ?%}B%'[&%VQ{;&PWW g{ﬂ e vhfid ?F got t%t

520 nm (at wave engt concentration does not in

reflect apged apdfraﬁl O nivtn] shibyhh g froRe the fleadihy Fukpasd pYflion 4, sShaWe its
peak in the presence of HOJ). Further, in Fig. 4, while the change in
t he out mnenmn&g nefrtieot aned] eaoumed sd as to relédserthesindbmial Z¥surdefsibe of
t he changes in reflectance 15 at 430 nmand 470 nm gi ves a total

di f f er erltedtesy. 369ge Fig. 5. Wea"berle&énﬁratﬁ # pitached tg the matad| foHlg? hbrewgh laus
advant age It should be noted that the wavel ength at which

a detect raZSfpoFHBnlsmf@H‘?%ﬁn%oms the spectrum peak can 20 vary dependi ng

on the gas spec h sai r t xampl .

al t hough bot h g§t Vgglte OrP\cllg;hﬁgﬁ Ha ﬂﬁgf%?%hgsvﬁé‘é%rc nﬁ?’? %&?fn bixq%leﬂy 18
differe dgy m 1 ogen
Ihl o o lgfe%w < RRRmposyd (RREL At W 1010 28 dhlyions

25 r efd@:tcaaoerdhm geaswhedikd, wRRbhnraisdsy thainturad pResuuret dfethe battery.
detector shows its peak only at 470 nm after reaction with hydr ogen
chl ori de Inwblerseasse, heindet thet galveachipg ¥ dacpeyidéd twith the mlrtr Bndhshwalea
peak at each of the three wavel en ordi ngl y, is_possible to

i dent i f yelemengsissHaepiduy 3@ised f%%})gﬁ@eg Jeth t@mraat«qlefohl 2'from "t berrdlglg 5
h t EC/ ZnBr 4-.TP th 480
and 720 THATRD R EBRE ot SRRV A i Bisari: 6 Hiegaby permil B8 Jide Frstiart Fden.

gas containing 5 ppm of HC alternately. At first, ni trogen was nade
to flow, and at 35 0 sec an HQO - comsayhg&ﬁgw@fﬁg dflown The out put of

reflectance fell to 77% and 93% wh 80 nm and ""” "HHAS BEEN
respectively. At 200 sec, the gas WHIUEE!“H m“ neat n( ﬁo‘g ?LACED
wher eupon the output returned to th

- 19 - I|ne 100% at each of the vvavel engt hs !t is seen that

o . I I




'i'hes‘é conpounds can be prepared in accordance with 5 the nethod descri bed

i.n Reference 1. TPP is commercially avai |l abl e. 2. Br4-TPP ---
(rn) Thi s conmpound can be pregar ed in accordance with the

met hod described in Reference 2 or 3. 10 3. CoBr 4- TPP, ZnBr 4- TPP and
FeBr 4- TP, detadilell from the lead WAS%, AORROIABF AlkcBAnSYRLEIRS Z&Qréﬁt Then,
accordance wth t he met hods described i'n Reference 1, 2 or 4. 4,
Br 8- TPP g4 part of theThiéiaD%ID(ﬂJB&réggfbrhﬁngmtﬁﬁSlsﬁe(B havhtg or daatie burbts tde
15 et hocf described in Reference 4. . CoBr 8- TPP, ZnBr8-TPP ---(1I)

These cothprebysforan the srglmeh@@enmg |purhonoﬂdaactham tthe internale presswe is
described in Reference 4

5, 10, 15, pedeasad artsida- hgl‘bpoggq)rg@nyra)tes_ilﬁozsmhgoelsﬁtrpbﬁeznassewﬂ(wh) the
5, 10, 15, 20- t et r aki s(4- net h H
510 15 mve&u?%ne%néé BOTRGRO By 1 - ischatgady froshy B BHGRFER (BB . Chy

tetrakis r boxyphenyl ) por phyrin (TCPP) are commercially aval I abI e
from Tok 851@53%%1’ gyo Co., LTd., Tokyo Japan. 25 References

Fuhrhop J. H. %e 3 thg ﬁ@h%f%ﬂ @Q%lement 'T?trﬁal‘zclrfb%g% 1@& th K

M ed; Elsevier; pt er au eau A,

Cal | ot, the éubst&satﬁm etmulﬁz- é’bﬁh ds shéi®n 1nCFig32 b thel val¥d clcheint 206 be -

1979, 101 3857 lot H, J. Bull. Soc. Chim France 1974, 7-8,
1492 onétas déﬁolt@dld’bgalo i\ Flng bv(h’rlch i pdovided ossh dd artmpostiofdenat the
1979, 18, 201 : Byr a Krrshnan, V., Inorg. Chem, 1991, 30,
239 35 b@ndmg[fumumapommnaf @r/xnay\bemr@aewdlenetﬂdebf 11 i Big.éh wiwse form
Boschi T., Tagliatesta P., Kadish K M, Inorg. Chem, 1993, 32, 4042
- 21 - 1stongpg e 1. Reactive pignments corrpri sing a zinc

e ad 1T Brearing B 165 Vilhe e BRE 0 1R Btthodimbals Be L Sy 5
w th ethyl ;o ¢e&%esh9$ﬁd£mw {#T&&b‘!@% dfrw'qaﬁ fhere D 18R 'dqﬂnetélb‘af 12

to preparée-a eresu or was set ‘Tn measuri

cell 11 gle tﬁﬁzed@k%&éﬂtos and ac@eqaﬁ{gaw%hef vﬂ'vs elgment of the en&tadlﬁe@ﬁ Q@s
contai ning 5 ppm of hyd rogen chloride or 10 5 ppmof chlorine (gas 4 to
be exani gigslynasFight?; eHecdid width ik hﬁ@f@‘hbhﬁeﬂaﬂﬁ 0D ofhemaBuisi 1 wedih of.
The results obtained are shown in Table 1. In Table 1, EC/ denotes
t hat thetl'daet‘&ﬂve)r elemepmﬁ skls t hamely, theacvidth pifgaemslitt dgenedr ansumd ethwy |
cel |l ul ose pol¥ Zn represents transition netal OZI nc; TPP represents
t et r apheAyPHBIEIeRES n>f 'félﬁdV%]I’Yé slgmend|is prefeablynd p d0% of thepdiaraptert o
nunbers of I%rotn%h bonded to the por phyrin skel et on.
Tabl e 1 Yéfth ofthe valve element. Zn contai ni ng pi gnent
5 ppm HC TB%? V\{l@h 5th%pr§hg ér%%ﬁ%e& X rouﬁd the .circun%fefenc%erﬁ' et valve

Sensitiv- EVEr Si

?%yer Si -elemd¥; whed ws;a( %aemapgjré&%@g%)f abbbtttew is I@l'éva@@é”@ﬁé valtd tléxﬁeﬁé
sl i ghtl ycan smoothly be raised up without fr1ct10n between an end wall la of the\witsdrb! e

2 EC/ ZnBr 4- 25 _reversible 18 slightly
TPP the metal substrate side and the other endewellsﬁbld Bh)e it onBGieZwvBl S
4 reversi bl e irreversi bl

Note: 1
The per cegmeghtde (Elfga%be%tuse Hbe rﬁaanpfgaﬁntlal slit portlon of she madve nm@nQ s
vi sual | y. det ect ab. nmeasurabl e quantitatively
(her ei naft 8P ptoﬁg dsﬁ%g;’le met@éfml alone.  potector No. 1 (EC/Zn-TPP) shows an
out put change 0. of LAY . : 08, Ml
was slight §corrg§/%ég?/btﬁ@ &%gé%g%%fy%hgﬁ%%nggﬁq% Tex Eiin?ﬂ?c@g?
- 22 - closed Bh@lrpensidlisViol thet £1i153 IoFMBY @688 thbl GfdfisfershebNEhé vaDie
out put change with reversibility. It also shows a 18% out put change to -
0.5 ppm ebkhm@ntng, wiiencthe hatygealvasesdurghdf vhe battargvemr sldvibéed due to some
Detector No. 3 (EC/ ZnBr8-TPP) shows an out put change of 25%to 0.5 ppm

chl or i neabromhalaiyh suhb ahashyet veiscuit, overebaree,siol| everse charge thlenvah@

detection of chlorine s e the fl ectanc as red at
460 nm | QeTERt 2%%1196 15 (et i1 @8athen b tbesete b foiL O iFor T bending

i1 er engagal portion' 21 LEGhANGCHIBISUAS) Phodh @*adth%?’g%aryga SRHH 8 £

sensitivity. Thus, rreasur enment of the col or change using @Igtgr@ctutryAs BEEN
of wavel engths is a preferred nmefhQg.c: iR Bedntappled 2 5 I eastACED

pi gnent conprising an iron corrpl e P derivative s m-Tapr e
2 bel ow was prepared. The E‘“\NHHIME% was di ssolved in a sol vent
together with et hyl cellul os ution was applied to optical
20 f| ber 12 to prepare a det ect or. The resultl ng det ector was set

o Y b1 e



Tabl'e 3. _ Pi gnment contai ning no net al

1 ppm HC 10 ppm NJ err] g Sensitiv-
Sensitiv- 15 Det ect or ity (Qut® Reversi- ity (CQut- Rever si -
No. Structure put Change) bility put Change) bility

lre detached ﬁ‘om ‘ﬁh@ lead wﬁ'e 6, '%glgr(ﬂség?ﬁectmg t:h% cu:creﬁ??t‘&!'lﬁ!)l?I €Then, 35
reverS|b reversible reversi bl e
20 arDQifetQieOfnd’ls@l fé'il (ZEEdlBéépo'Ef&?hgsﬂboﬂzﬁe alit & hr'aﬁiﬂg % wuldﬂubursts to

change of 18%for hydrogen chloride (1 ppm. Detector No. 6

(EC/ Br 8-ﬁEEE¢byhfmm dheevehlsi lopenimg portichafigeo othat5¢hé omternal pyessigenis
chl ori de (1 Bot h detector Nos.. 5 and 6 exhi bit

reversj byd eas}edl aupsde. t Kber gath gegeraied cﬁ‘ﬁﬂh@hevﬁlﬁﬁtmb{térPﬁsseﬁaﬁh‘iﬁggh the
sensitivity of . about t 0, 40% er
observe Y2i¥ecPPRIRg BPrfE?Ihﬂo ARbiis digchereed HORh e bhrengtorhalpt 16 Glethe
reacti Ve ment @% the invention, 30 detectors were prepared fromthe
reactive B ]&ge npri si ng the TPP net al conpl ex (Zn-TPP). The

pigTent 'Singly 86 ifhoieatog BNRAY 90k WabliBhY | Ghelantes laasel vaduly o

sol vent together wth et hy was ap

to opticallvei d8p, dhce BRS Q@geeﬁééus ’lﬂ?é vﬁlﬁﬁ@ﬂm fo Bpasatel riﬂp%5m1tsceﬂ1é vhlvef

t he detection apparatus of Fig. 2, measur enent was made in the sane
manner aspérinkmirpioa 1 to be foiﬁhedrtesthbt@b}obélaaseedmnﬁeshal/\gas of Thdbatteryl n
Tabl e 4, EV st ands
for EthylThigl the babtergany/ozeviorly bt eprevented fromh’éledebeuppnsmgtcﬁ theng
Et hyl Violet. ; Tabl e 4

Conbi nedintgnalftepnarRtyrepien explosion thereof. 5 ppm HC
0.5 ppmd[err] Sens

Det ect or i The ( epprating, pressure | f% E&t valveReci})épscan beng @J]re&cttlyr e
put Cha t it

(% 10 ngﬁ?nuf%r}'gngﬁg mg%gp%ﬁ)l with?'thle ¥11ghest accui8cy of its thlc:nktnlesg %
reversi bigeron offler. Fartiel, the operatihg pressudd i8Ry Ipredete%-ﬁuned Wltﬁhh ghtly
Zn- TPP reverSi bl e reversib can
be seen 4table pabssiréd, ran OB é&ébt@!&i@ tht inbbatiall 2omyiosltédin MlmsVah@uahlp
further inprovenent in sensitivity. Exanpl e 5 A gas '
react i veand gapmting tipe laigtly afttheTieRdieg dhlcrum podingl déx cont ai ni ng cobalt as
the chel ating netal as shown in Table 5 was prepared. The gas reactive
pi gnent was 20 di ssolved in a solvent together with ethyl cellul ose, and
the sol uti ied to optlcal fiber 12 to prepare a detector.
The det ect[ggfe\\%ggf?g{)hﬁ enaoRdyr | ng cell 11 of t he apparatus shown in
Fig. 2. 0, t ad. N i m 25
of hydrogen chl‘gf‘xl:o dﬁ§ Q(SSCQE sa'ﬁ}g#% ﬁ;éo‘r?l?l egfmgég%%gsgfg‘igg‘?ﬁttﬂrp ‘Pﬁrou
passage ﬂﬁeﬂ{al”'ﬁﬁéééh&'@gof:%' |ba%£'er?r nd e'I‘@xﬁé“‘tngHﬁé‘tto shorﬂ"aﬁrdTﬁEieobé‘réHé?géa”e
manner as in Exanple 1. The results tai ned are shown i n Tabl
Tabl e 5 @@erse charge, or the like, ak® fOEh&itimBgwhegnBnteaches to a prescribed
S ppm HC 0.5 pmeI[err] Sensitiv-
Sensi t i wpressure, thetwdverlement canynf@ihly bRewssesi up an@theametal fed wehioh-
No. St ructti put Change bility put Change bility 3
(% usually closes the S ormedgarou by cirppmferencegof the valvier g¢lement is

\]/-Zr si bl & llowe({ %o burst stably and accurately even at a lowvggeslsglrg so as to rele:ﬁe i s

seen fr tﬂﬁefr‘?élu% $of AL %ﬁﬁ%?t OfrKNg; tt?%;%ltter C?on 5usl§hhg¥\’§)rgvgxi@ed

out put change on contact wt rog

. reversi birbin! ther@brgt S5 tﬂ‘letﬂé%iperaturec&aﬁﬁ%xplcgi'oﬁ(ﬂﬁ&?ébtf with 0.5 ppm
chlorine gas a 17% output 5 change was observed, which change was not
reversi bl e. Exampl e 6 A solution of a gas reactive pignent
and et hyl cellulose in a solvent was applied to alum na or gl ass

subst r at[Briefidesgrippencofddreclrawirgs] The detector 3 vvas set 10 |n measuri ng
cell 1 as._sho in Fig é Pr o] ector/rece tor %{ provi ded
in front dfét l%l?oé’tef‘"al‘r‘ ﬁe%t&f”% yagw sh OWE%aFH gRrPe¥ rI&ﬁfﬁth 6B%n‘3qn& tgYwas

led to t r t enent r.ough an optical fiber so that,
emtted (ﬁ(r?sé% QA&& Ccmdm%cqt 919‘ pFe p i tector 3, and received by

the 15 receptor of said eI errent 7. The signals fromthe receptor

were sent to nultiphotonetry detecti GhlsslwsttHauB@nRepﬂace@as 4 to be

exam ned was introduced into neasuri n u 'Eu& the col® or changngB—EEﬂ
measur n

to

the reactive pignment on reaction was th nulti p hot om{gP;LACED
detection instrunent 8. 20 The results o t were p esSed Dy
conputer 9. In Exarrpl es 7 to 12 t he neasurenents were

o I o o [ I — o2




20 .~ . Fig. 10 shows the change of | 0g(100/refl ectance) vs. tine
i.-n the reaction with 0.2 ppm of hydrogeg chl ori de, as neasured at 450
nm 520 nmand 710 nm Upon exposure to 0.2 ppm hydrogen chl ori de gas,
t he change reached saturation in 1000 seconds. 25 The results
i ndi cat es f:hato t:he,d : A S| : P .

concentr at]?lgh %flghﬁdﬁ%ﬁg%q@%?o?ﬁgﬁw %ggglvief c%?pgés)%galk%r get{gﬂ?%rﬂ Igﬁént

ext endedipRehtied. of tine, namel y, show ng cunul ative responses.

Exanpl e 9 30 Reactive Pignent (I1) (GOCH err]): Gas reactive
pi gment THIQCHB)P anvkréichy|sectibh uviese showingethe diade®|chép advoadimpmtonthe
solvent, and the sol ution was applied to an alum na substrate to

pr epar e pregentpravantion. The detector was placed in the detection
apparatus of 35 Fig.. 1, and nitrogen g containing O to pm of - .
hydrogen Fig. drsqm &ﬁplﬁasat@syam%aﬁowmg the operating manner, egﬁﬁ% F{é?‘éﬂ)ébm um
change of the t,ect or it The refl ectance increased at 420 nm and

decr easedt GaseHsrhpprmality. - 27 -

and 700 nmg. T I L ; . nge
2t a hydr oBn Som ST HEe ERetRal YR KBbine bhe 8UbRline andBRBF A IR
change r&ﬁgQﬁdca%@tdfraq,tﬂogﬂlaqﬁy_l ppm or nore. 5 It is thus
possi ble t0 detect hydrogen chloride gas in concentrations in the
order of geger@lisppMPlnsORickOrshdgving anbtiterd eakboditndrte ofbflve-ewlser thigd
wavel engt hs. Fig. 12 shows the rel ationship of _
| og( 100/ ac=bidinigatocie mesehy dnvegdorchl ori de gas concentration 10 at 457 nm

It can be seen that the output begins to change .at hydrogen chloride
concent r athiend &F aaplane yiew phawiagdastill anether ermhgdimenicioésheavalve: chip at
1 ppmor nore. Exanpl e.10 . Reactive Pignent (I1) (G=COOH): 15

Gas reacdSCQELBERethe H*Ig(ggﬁb‘ﬁ‘flen&%"et hyl cellul ose were ni xed and

di ssolved in a solvent, and the solution was applied to an alum na

pi gnent to prepare a detector. The detector was placed in the
det ecti on i nitrogen gas containing O to 9 ppm
of hydr oge[%&ggdﬁtm gi: thfaer\%gé g};?ﬂgn%cﬁ%%. Fig. 13 shows the

spect rum changej oindtae sdBtgator . It can be seen that the reflectance
decreased at 458 nm Thi s change was reversi bl e. Fig. 14
shows a rel ati ohshiqtabfoil og( 100/ refl ectance) 25 vs. hydrogen chloride gas
concentration at- 458 nm It is seen that the output changes in a dose
dependent nanned : &kt hydrogen chl ori de concentrations between 1 to 9
ppm or nore. . That i?, t he range of hydrogen chloride gas concentration
detectabl e by thePsheE MHAHHYPL I EOBr oader than those of the 30  foregoi ng
exanpl es. . valv Ilrénieshthus possi ble to detect hydrogen chloride gas

i n concentrations |%1et%e order of several ppm by nonitoring t he peak
at the above-degcidhedimavel engt h. Example 11 35 Reactive Pi gnent
(1) (&Gsgerr]H: A detector was prepared using a gas reactive
pi gnent , TPt Se)ver sdibg pontibhe same nmanner as in Exanple 10. Wien used
for detection of ammonia gas (equilibrated steam from 25%

- 28 - acfiebuszeapomdmira was used), the uigs SheétBlas Bl Réptheddr OM gr een

or yellow sh green to brown. It was thus conf gas
reactive pignent is responsive to amoni a. I 5 Reactive
Pigment (I1) (G=Br): A det ector _ r ng the gas

reactive pignent, TP(Br)P, in the sane manner as in Exanple 10.

When used for detection of HF gas or formc acid gas - (equilibrated
steam from hydrofluoric acid or formc acid 10 was used), the detector
turned fromgreen or yell ow sh green to brown. It was thus confirned
that the gas reactive pi gnent is responsive to these gases.

Exanpl e 13 TPP of formula (111) was used as a gas reactive 15
pi gnent, which was di ssolved together with ethyl cellul ose in a conmon
sol vent, and the solution was applied to opti cal fiber 12 to prepare a
detector. The detector was placed in measuring cell 11 of the
detection apparatus of Fig. 2, and measur enent was perforned in the
sanme manner as in Exanple 20 10, except that the intensity of transmtted
i ght was nmeasured. The results obtained are shown in Table 6 bel ow.
Table 6 Transm ssi on Measurenent using TPP

1 ppm HC 10 ppm NJ err] 25 SensitiMe——

Sensi tiv- Det ector ity (Qut- Reversi- ity (Qu #ﬂﬁﬁ&éﬁéf§ﬁSBE§i}
No. Structure put Change) bility put Change) bility * REPLACED

(% (% 10 EC/ TPP 40 reversi ble 40
reversible 30 As has been fully described, the gas reactive

o, Y M - e o o .- - o " o v T . o o




byforn‘ula(l) [err]

wherein Mrepresents a transition nmetal; a plurality of R s.independently
represent a hydrogen atom a hal ogen atom a nitro greup,—a-cyano _group_or
an al koxy group, said pignent having reactivity to at ﬂast one of a

hal ogetuegiass] a hydrogen halide gas, an acidic gas, an '!Uﬂy:lmﬁﬂﬂ ”ﬂb
aim

basi ¢ gas, and an organic acid gas. 2. A gas detect
1, wherein at |east one of the plurality of Rs in fornula (I) 's & bYon ne
atom 3. A gas detector according to claim1, wherein Min formula (1)

i s zind. 4A clogedds sy compadsdng: ngnte)lecarmie elgmernt cansistinga (1)
Mis zinc, and at |east one of the plurality of Rs is a brom ne atom 5.
A gasfiet E@Séﬁ:iﬁéc%lﬁﬂhgoﬂ@ ck aegativghedsiatnods oand a %@Eamterﬂm and
3to 5 out of the plurality of Rs are a brom ne atom

31 6. electnplgréfsedeeeé{aeﬁt%oeenhgmercm%mo%emg nsSpAdt FIREFEEPES Mis
iron, and all of the Iuralae’dg R s_are a bromne atom 7 Aiﬁg&

det ealcﬁm%r t&@@é@ﬁrnﬁlab §3l p18RETELYL 4iaPBch GRS 1ng MePET I HEp de
gas, ci dic

whi critbofe abed sr@g%%%géé#‘%x?ppgﬁam%g@rﬁﬁa&ﬂ%ﬁ‘;’,‘%aﬁ{ﬁl‘ v e
Fepr dsoennllﬁ Qfl 1{oorcr1lg ghe) ngn enge%ct){tlon of th 1r;|tedr56 container, [err]

wherefn a q-l‘ura Ity o epen y represeén gen atom ™ &

2?' %Q@ibolﬁéﬂﬂ‘saﬁd“b%% rgoHme@rC GH91 9EQUPe Y mdft A Earsgteaeep, advPiyeal ity

eny groups al represent a substituent selected froma
hal ogeremd@MwiA diy 4608 ¥bv8888Pin 323 MEBLE 86bItHReEDwith GBRAXYkoGaOUP, an
al koxy group, and an am no group, the positions of which on the 4 phenyl
gr oupso gey-viecas ereadsesihgdehipreaitin that wheh, tite itérhawprebsmmyg df t he
sanme or different, each represents an'integer of 0 to 5, indicating the
nunberhefbad temn isae eyizdied. gh@upalyai dlpmgmintishhenhgfremca ibénging at
| east _one of a hal ogen gas, hydrogen hal i de gas, an acidic gas, an

oxi diBUIREYRSO &S HasPEOYAde Tarﬁim&rr @ﬁh‘ﬁ‘éré‘éﬁdﬂg’é‘% a%openlﬁgg%er%%ct or

according to claim7, wherein Gin fornula ydr axyl up,

car bbQA 5%%81%9361%&%95&6& @r&ﬁ?m%?'br n@ EF%FPH % ﬁm%f{r%t&y :b?oup.
et ect or, i med.n _an cl g .

3> wpdhREL R L pliel, P eptsnl Bhe nSh AT dubfttate camsrsin gpia 4 o

det eqjor ACepLfilng 10 £talTada WhenChNs33kd Wlt\RREP LIS DR dicS he

st eps di ssolving the gas reactive pignent in a solvent together with a
mat i ph e yfeand apRlidi methahe ss¥sidade t addetsyr tagtedf oF caild evalwad
~drying the solution to renove the sol vent. 11. A gas detector according
t o clelemdit isheceentsiacdorthei cepiody i sasdangody mmbsdaolatig.e in a sol vent
for said gas reactive pignent, and said carrier is an alum na substrate, a
gl ass substrate, an optical fiber, paper, glass beads, or silica gel. 12.
A gas detector according to claim 10, wherein said det ector furt

conpri fes EtFyISad Fedit ety afEPFA&ATL SdrdMyhs ‘Yle%r%?:f‘?/@a& dmehel €%11 A
nmet hod for detec t one of _a_hal o h e I gas,
an actYiPYY Ctea‘% wd%rhraz}ﬁ gﬁgm rb’agrccﬁlég 5% %f oré]gérqug f;:(::&S {ﬁ'&

whi Cmfgé@féégsei%eﬁ{:e § &f ?1?51ngpﬁ9§' NQLR0 9P SRR e MR Féﬂéfﬁéﬁt

conprising a neta conp ex o etr yl porphyrin or a derivative thereof
repr esget £ HYtb0rBlkask! Jthe internal pressure, said lealdeifember is
wherein Mrepresents a transition netal; a pIuraIrty of R s independently
repr eémtttm&raﬂlpgnrsca;trﬁractaedmlragerrh@h@ﬁalafamrﬂo Giredk dhey@anmoregmoup or
~an al koxy group, 33 said pignent having
reactivity to at | east one of a hal ogen gas, a hydrogen hal i de gas, an

aci dic gas, an oxidizing gas, a basic gas, and an organic acid_gas, or a
gas reacti \Peqﬂng?%tb%%M@‘gC%r@b@@abﬂeﬁ}mm 1, wherein said valve

element has ‘a substantially circular form and is provided around
the circumference thereof with a slit whose width is positionally

varied, and said valve element is provided with a part serving as a

- bending fulcrum portion.
This Sheet Has Been Replaced
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por phyrin derivative represented by formila (11):—— S

[err] wherein a plurality of R s:i dently represent a
hydrogen atom a hal ogen atom a nitro group, a ¢yM@ w lﬂ”’ | koxy
group; a plurality of Gs on the 4 phenyl groups a 0

substituent selected froma hal ogen atom a hydroxyl group, a $§ultonic acid
group, a carboxyl group, an al koxy group, and an am no group, the positions
of whichqon therbddtervat868¥PEcEBY¥aRRgt B8 &3REMOB, divhk®eam! ;s walbe C.
and d, which may be the sane or different, each represents an integer of O
to 5, ididinferit NMad he subdeinPiall$ Erealar PFefY | ar AP pridridd gieshind
having reactivity to at | east one of a hal ogen gas, a hydrogen hali de gas,
an aci dile gasscumEexanite | thiegast witing elgaswhasd widh ganipbsaich Tbrgaklyor a
gas detector as claimed in any of clains 1 to 12, into contact with gas to
be det ehreichd amadgtibe ibexidired Fudcrgmahs igaividdd/ wirkhsan amrg poytibange of

the color occurring in the gas reactive pignent upon said contact. 14. A
met hod according to claim 13, wherein the color change of the gas reactive
pi gnent is neasured on the basis of the change taking place in the
absorpti &n of closed battery according to any of gbaimgfl ekQi%e YHHRES+BM of
the gas reactive_ pignent, and the _neasurenent is perfornmed in the |ight

whi ch i88%4 Jetal t BEPsRFetighis: mpEe 8Lt 88Yr PO% SSl8ctefediom e 9TQUD

met hod ,according to .claiml14, wherein the neasurenent i s perfarne

Cont | ndEORAte 1 Sl FHesin o Ptrinanty SFPPLAPATEh: GOPESE ShEEhond
accor diﬂ%ﬁﬁﬁ%&m@e]t‘l or 15, wherein.the change in the absorption or

refl ective spectrumof the gas reactive pignent is neasured on the basis of
the changes in absorbancy at a plurality of wavel engths. 17. A et hod
according to claim 16, wherein the difference in color changes at the
plurality of Avarekeagbhstesg ¥esoraiggn@BCanyNEr SENEims Vi tho i9), WiteHEbn
detection. 18. A nmethod for detecting at |east one of a hal ogen gas, a
hydr ogesailkhinetalgfisil airs anydone gasl ecred fivdnzting gyasip aAnbasddngaa,staeml an
organi c acid gas, which conprises the steps of: bringing gas to be
det ect &®4Ivt stednilgss sfepls aiak, coapervEopl gmdmmiopmpfpitngnickel foil,

t et raphenyl por phyr.in refresent_ed by formula (I11) or a gas detector

cont ai ﬁi“ﬁ’ygngﬁ?cﬁlﬁilgﬁ’@n?. loy foil. : [err]

irradiating the detector with light, and neasuring any change of the col or

of the gas reactive pignent in terns of the change in |ight absorption of

t he gas reagtd i S AN d.o etad he
33b det ezt'o‘?.éi{%?ﬂgrﬁggg%elt@cﬁo% appa%gl:tg)saf%lré e(%ectl ngf.%tgl ed:al'rs(?i%érle of
a hal ogenagasof @1bMeisogedb Bal i de gas, an acidic gas, an oxidizing gas,—a
basi ¢ gas, and an organic acid gas, which has a gas detector clained in any -
of clainse 1 to 12 in the passage of gas to be exam nedmsZ@eetHasﬂBfﬁaBeplaced

reactive pignent conprising a netal conplex of tetraphe a
derivative thereof represented by forrmula (I): JMBE

wherein Mrepresents zinc or iron; a plurality of Rs i ntly
represent a hydrogen atom a hal ogen atom a nitro group, a cyano group or
an al koxy group, said pignent having reactivity to at |east one of a

hal ogen gas, a hydrogen halide gas, an acidic gas, an oxidizing gas, a
basi ¢ gas, and an organic acid gas. 21. A gas reactive pignment according
to claim20, wherein Min formula (lI) is zinc. 22. A gas reactive pigment
according to claim 20, wherein in formula (I) Mis zinc, and at | east one
of the plurality of Rs is a brom ne atom 23. A gas reactive pignment
according to claim20, wherein in fornula (I) Mis zinc, and 3 to 5 out of
the plurality of Rs are a brom ne atom 24. A gas reactive pigment
according to claim 20, wherein in formula (I) Mis iron, and all of the
plurality of R s are a brom ne atom
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