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This invention relates to a gas detection method
using a gas detector for detecting at least one of a

10 halogen gas, a hydrogen hallde gas, an acidic gas, an
oxidizing gas, a basic gas and an organic acid gas from a
mixed gas containing it, and to a detection apparatus for
determining the concentration of the gas.

Various methods for detecting a harmful gas in a

15 mixed gas such as air have hitherto been proposed. It is
relatively more difficult to detect a component gas in a
mixed gas than to detect a component in a liquid,
particularly with high accuracy over a wide gas
concentration range. _

20 There has been a strong demand for methods for
rapidly and easily detecting a harmful component in a
mixed gas such as air with high accuracy over a wide
concentration range, particularly methods for rapidly and
easily detecting a harmful component in an exhaust gas

25 discharged from semiconductor production plants or the
like, such as a halogen or a hydrogen halide with good
accuracy over a wide gas concentration range.

Recently, the inventors have found that
tetraphenylporphyrin and tetraphenylporphyrin derivatives

30 or metal complexes thereof are gas reactive pigmehts
capable of reacting with a halogen gas, a hydrogen halide
gas, an acidic gas, an oxidizing gas, a basic gas or an
organic acid gas (hereinafter sometimes simply referred to
as a halogen gas, a hydrogen halide gas or the like).

35 Thus, an attempt was made- to provide a method for
determining the concentration of a halogen gas, a hydrogen
halide gas or the like using such a gas reactive pigment
based on a linear calibration curve drawn from the
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concentration of a gas such as a halogen gas, a hydrogen

halide gas or the like from a change in the height of
peaks of the color spectrum of a pigment, e.g.,

10 tetraphenylporphyrin in contact with said gas. This is
because the height of spectrum peaks increasing with an
increase in gas concentration reaches a plateau while the
peaks are still low, and the calibration curve provides a
linearity between gas concentration and the spectrum

15 height over a limited range. Thus, a calibration curve
prepared between the concentration of a gas of interest
and the height of color spectrum peaks is not useful for
determining the concentration of the gas to be measured
because the calibration curve covers only a limited range.

20 To avoid the above problem, the concentration of a
gas of interest such as a halogen gas,_ a hydrogen halide
gas or the like had to be diluted or concentrated to
adjust it to a level to which a calibration curve could be
applied. However, it was difficult to precisely adjust

25 the concentration of a gas, still more difficult to
include such a process of adjustment in a continuous
measurement for gas concentration.

In order to broaden the gas concentration range
measurable in a method for determining the concentration

30 of a gas such as a halogen gas using a gas detector
comprising a gas reactive pigment, the inventors also made
an attempt to use a plurality of gas detectors comprising
different amounts of a gas reactive pigment therein. (J.
Mater. Chem., 1996, 6(6)953-956; and USSN 08/728,529, the

35 disclosure of which is incorporated herein by reference)
However, the use of a plurality of gas detectors in the
attempt was inconvenient.
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Another object of the invention is to provide a

10 detection method and a detection apparatus which can
detect a gas to be detected not only in a wide
concentration range but also with high sensitivity.

The inventors previously developed a gas detector
which provides higher spectrum peaks (improved

15 sensitivity) until its light absorbing ability is
saturated or reaches a plateau in response to the increase
of gas concentration. The detector was developed in
search of substances capable of improving the sensitivity
of gas reactive pigments and amounts thereof to be

20 included in the gas detector. Following efforts of the
inventors to develop a method for detecting a gas such as
a halogen gas using said gas detector, the following fact
has been revealed.

Namely, the inventors have found that the threshold

25 gas concentration which plateaus the color spectrum peaks
of the gas detector varies depending on the temperature of
a gas detector through which a detection beam is
transmitted or from which a detection beam is reflected.
That is to say, the sensitivity of the gas detector is

30 greatly influenced by the temperature of the detection
area of the gas detector exposed to the gas to be detected
under irradiation of the detection beam. This invention
has been accomplished based on said finding.

BRIEF DESCRIPTION OF THE DRAWINGS

35 Fig. 1 is an explanatory view showing the structure
in section of an example of a measuring cell used in this
invention;

Fig. 2 is an explanatory view showing the structure



In order to broaden the gas concentration range neasurable in a nethod for
determ ning the concentration 30 of a gas such as a hal ogen gas using a gas
detector conprising a gas reactive pignent, the inventors al so nade an
attenpt to use a plurality of gas detectors conprising different amounts of
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provide a Fig. 4 is a graph showing the relation between
hydrogen chloride concentration and the reflectance of a
detection beam at three temperature levels when a gas
detector comprising tetraphenylporphylin (TPP) reacts with

10 a nitrogen gas containing hydrogen chloride (measured at
450 nm).

Fig. 5 is a similar graph as in Fig. 4, but the
measurement was conducted at 660 nm.
Fig. 6 is a graph showing spectrum patterns of TPP

15 formed at 45°C in response to the indicated HC1
concentrations.

Fig. 7 is a graph showing the relation between
hydrogen chloride concentration and the reflectance of a
detection beam at two temperature levels when a gas

20 detector comprising 5,10,15,20-tetrakis(4-bromophenyl)-
21H,23H-porphyrin (TP(4-Br)P) reacts with a nitrogen gas
containing hydrogen chloride (measured at 452 nm).

Fig. 8 is a graph showing spectrum patterns of
(TP(4-Br)P) formed at 45°C in response to the indicated

25 HCl concentrations.

-~ Fig. 9 is a graph showing the relation between
hydrogen chloride concentration and the reflectance of a
detection beam at two temperature levels when a gas
detector comprising tetrabromotetraphenylporphyrin (Br4

30 TPP) reacts with a nitrogen gas containing hydrogen
chloride (measured at 452 nm).

Fig. 10 is a graph showing spectrum patterns of Br4
TPP formed at 45°C in response to the indicated HC1
concentrations.

35 Fig. 11 is a graph showing the relation between
hydrogen chloride concentration and the reflectance of a
detection beam at two temperature levels when a gas
detector comprising zinc tetrabromotetraphenylporphyrin
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3 ... Detector 4 ... Sample gas
10 5 ... Exhaust gas 6 ... Halogen lamp
7 ... Projector/receptor
8 ... Optical fiber 9 ... Heater
10 ... Outer temperature controller
11 ... Multiphotometric detector
15 12 ... Computer 13 ... Gas passage
14 ... Projector 15 ... Receptor.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Accordingly, this invention provides a gas
detection method using a gas reactive pigment, which
20 comprises
providing a gas detector comprising, as the gas
reactive pigment, a tetraphenylporphyrin represented by
the following general formula (1) or a derivative thereof,
or a metal complex of tetraphenylporphyrin represented by
25 the following general formula (2) or a derivative thereof;
bringing at least one gas to be detected which is
selected from the group consisting of a halogen gas, a
hydrogen halide gas, an acidic gas, an oxidizing gas, a
basic gas and an organic acid gas into contact with said
30 gas detector:;
maintaining the temperature of the detector or the
vicinity thereof in the range from 40 to 90°C, preferably
from 40 to 80°C,and more preferably from 40 to 60°C while
said detector is in contact with the gas to be detected;
35 irradiating the detector with a light beam while
said detector is in contact with the gas to be detected
and said temperature is maintained; and
measuring the spectrum of the light which is
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DRAW NGS 35 Fig. 1 is an explanatory view show ng the structure in
section of an exanple of a measuring cell_ %sgd inthis invention; Fig. 2 is
an expl anatory view show ng the structure -4- of an exanple of a

tenperature-control | abl e gas detection apparatus according to this
invention; Fig. 3 is an explanatory view show ng the structure of another
exanple of at ex cti u £di ng
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Formula (2):
20

25

30

wherein in formula (1) and (2),.
R represents a substituent selected from the group
35 consisting of a hydrogen atom, a halogen atom, a nitro
group, a cyano group and an alkoxy group preferably having
1-10 carbon atoms,
G represents a substituent on the four phenyl



Fig. 6 is a graph showi ng spectrum patterns of TPP 15 forned at 45[err]C

I n response to the indicated HC1 concentrations. Fig. 7 is a graph show ng
the rel ati on between hydrogen chl oride confentration and the refl ectance of
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position of G on each phenyl group may also be the same or
different,

10 M represents a transition metal.

Detection temperature

In accordance with the gas detection method of this
invention, the temperature of the detector comprising the
gas reactive pigment is maintained at 40°C or higher while

15 said detector is in contact with the gas to be detected.
This is important to detect a gas not only in a wide gas
concentration range but also with a high response speed.
The inventors have found that the higher the temperature
the wider the measurable concentration range of the gas to

20 be detected. It is therefore preferred that the detection
is conducted at a temperature as high as possible when a
broader measurement range is desired, and the upper limit
of the temperature, for example, 80 or 90°C will be
determined by practical reasons such as stability of the

25 gas reactive pigments, the corrosive action of the gas to
be detected and the like. In any event, a skilled person
will understand that the temperature may be selected in
the range from 40 to 90°C depending on the purpose and
situation.

30 Further, the measurable concentration range of a
gas to be detected by the gas detector comprising the
pigment can be controlled by appropriately selecting the
temperature of the detection area in the range from 40 to
80°C. Thus, "the measurable concentration range of a gas

35 to be detected can be controlled" by selecting the dynamic
range of the gas detector so that (1) the concentration of
a gas to be detected can be determined by using said gas
detector with a higher accuracy but in a narrower



detection beam at two tenperature level s when a gas detector conprising

zi nc tetrabronotetraphenyl porphyrin -5- (Zn Br4 TPP) reacts with a

ni trogen gas containing hydrogen chloride (nmeasured at 476 nm. Fig. 12 is
a graph show ng spectrum patterns of Zn Br4 TPP forned at 45[err]Cin
response to the indicated HO 5 concentrations. Nuneral references indicate
the foll owi ng nenbers, respectively: 1 ... Measuring cell 2 ..
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PREFErED, EVBOS RS eI a1y, the gas detector may be brought into

5 contact with a gas to be detected with varying
concentrations at several different temperatures in the
range from 40 to 80°C to draw several calibration curves
representing the relation between the color density
(spectrum) of the gas detector and the concentration of

10 the gas to be detected. Whereby, it is possible to
improve the sensitivity of the detection by employing a
calibration curve wherein the spectrum changes rapidly in
response to the varying gas-concentrations. On the other
hand, by using a calibration curve which is linear over a

15 wider gas concentration range, detection of the gas over a
wider concentration range will be possible.

Gas Reactive Pigment
The tetraphenylporphyrin represented by the general
formula(l) or a derivative thereof, and the metal complex
20 of tetraphenylporphyrin represented by the general formula
(2) or a derivative thereof are generally known and
described, for example, in Inorg. Chem. (1991), 30, 239-
245, the disclosure of which is incorporated herein by
reference.
25 With reference to the general formula (1)
representing the structure of a gas reactive pigment used
. in the gas detector of this invention, each substituent R
on four pyrrole rings belonging to the porphyrin nucleus
in the general formula (1) represents a hydrogen atom, a
30 halogen atom, a nitro group, a cyano dgroup or an alkoxy
group, and the numbers a, b, ¢ and d of the substituents
(G)a, (G)b. (G): and (G)4 on the four phenyl groups
attached to the porphyrin nucleus may be the same or
different and represent an integer of 0 to 5. The
35 position of these substituents on the four phenyl groups
may also be the same or different. G represents a
substituent selected from a hydrogen atom, a halogen atom,

a hydroxyl group, a sulfonic acid group, a carboxyl group,



Accordingly, this invention provides a gas detection nethod using a gas
reactive pignent, which 20 conprises providing a gas detector conprising,
as the gas reactive pignent, a tetraphenylpporphyrin represented by the
follow ng general formula (1) or a derivati‘'ve thereof, or a netal conplex
of tetraphenyl porphyrin represented by 25 the follow ng general fornula (2)
or a derivative thereof; bringing at |east one gas to be detected which is
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on four pyrrole rings belonging to the porphyrin nucleus
in the general formula (2) represents a hydrogen, a
halogen atom, a nitro group, a cyano group or an alkoxy
10 group. M represents a transition metal atom such as zinc,
copper, iron, nickel, cobalt, manganese, titanium,
aluminium, etc., among which zinc, cobalt and iron are
especially preferred. Here, the halogen atom means F, Cl,
Br, I and At. G and a, b, ¢ and d have the same meanings
15 as defined for the general formula (1).
As examples of the tetraphenylporphyrin of the
formula (1) or a derivative thereof

tetraphenylporphyrin;

tetrakis(4-bromophenyl)porphyrin;

20 tetrakis(4-chlorophenyl)porphyrin;
tetrakis(4-metoxyphenyl)porphyrin;
tetrakis(4-octoxyphenyl)porphyrin;
5-hydroxyphenyl-10,15,20triphenylporphyrin;
tetrabromotetraphenylporphyrin; and

25 octabromotetraphenylporphyrin

are mentioned.

As an example of the metal complex of
tetraphenylporphyrin of the formula (2) or a derivative
thereof

30 zinc tetrabromotetraphenylporphyrin

is mentioned.

The gas reactive pigment reacts with a gas such as
a halogen gas, a hydrogen halide gas, an acidic gas, an
oxidizing gas, a basic gas or an organic acid gas (gas to

35 Dbe detected) to cause a change in the electronic state of

the pigment molecules. Said change in the electronic
state gives rise to a change in color or absorption
spectrum of the pigment. Thus, it is possible to prepare



-6- reflected or transmtted fromsaid gas detector, whereby the intensity
of the spectrumis an indication of the concentration of said gas to be
detected: 5 Forrmula (1): [err] R 25 wherein in formula (1) and
(2), Rrepresents a substituent selected fromthe group 35 consisting of a
hydrogen atom a hal ogen atom a nitro group, a cyano group and an al koxy
group preferably having 1-10 carbon atons, G represents a substituent on
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having 1-10 cghloRetke®Branghdle the detector is being irradiated with

a detection beam, to measure a color change in the

5 reactive pigment supported on the carrier of the gas
detector by way of the spectrum change in the detection
beam transmitted through or reflected from said gas
detector. This mode of measurement will be hereinafter
simply referred to as measurement of a spectrum change in

10 the gas reactive pigment.

In this way, a change of color or a change of color
density of the gas detector comprising the gas reactive
pigment in contact with a gas can be measured as a change
of the position and/or height of peaks of the spectrum of

15 the reactive pigment. In this invention, the source of
the detection beam directed to the gas detector to measure
a change in the reactive pigment as a change in the
spectrum of the beam transmitted through or reflected from
the gas detector may be natural white light, halogén lamp
20 light or one or more monochromatic beams.

The "original color" of the gas reactive pigment,
i.e. the position and/or height of peaks of the spectrum
of the pigment before contact with said gas and a
"reaction-induced color change", i.e. a change of the

25 position and/or height of peaks of the spectrum of the
pigment in contact with said gas depend on the individual
gas reactive pigment.

The change in the position and/or height of
spectrum peaks of the gas reactive pigment in response to

30 the gas to be detected does vary depending on the pigment
and the species of the gas to be detected, but the said
change is reversible, and therefore, in the absence of the
gas to be detected, the spectrum of the pigment is
restored quickly so that the pigment is ready for the next

35 round of continuous measurement.

In determining the concentration of a gas of
interest in a sample by measuring the color density of a
gas detector, the reproducibility of measurements is a



5 am ne group, a, b, c and d may be the same or different and each
represents an integer of 0 to 5, and the substitution position of G on each
phenyl group may al so be the sane or dlfferent 10 M represents a
transition netal. Detection tenperature T lactordance with the gas
detection nethod of this invention, the tenperature of the detector
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10 Gas Detector

A gas reactive pigment is normally applied on a

carrier to increase the area in which the pigment comes
into contact with a gas. Therefore, the term "gas
detector" herein collectively means not only gas reactive

15 pigments themselves but also those supported on a carrier.

The gas detector may be prepared by dissolving one
of the above mentioned gas reactive pigments in a solvent
together with a matrix polymer and a plasticizer for said
polymer, applying said solution on an appropriate carrier

20 and drying it. Preferred solvents are those which are
capable of dissolving both polymers and pigments, such as
dimethylformamide, dioxane, toluene and a mixture of
toluene and ethanol (8:2). It is known that the
sensitivity of the gas detector varies with the

25 concentration of the gas reactive pigment as well as the
ratio between the matrix polymer and the plasticizer.
These factors are selected so that the gas detector used
in this invention preferably has a high sensitivity.

The matrix polymer and plasticizer used in the gas

30 detector are not specifically limited provided that they
are transparent and soluble in a solvent used for
dissolving the gas reactive pigment and that they do not
have any substantial absorption peak in the vicinity of
the absorption wavelength of the gas reactive pigment.

35 Examples of such a polymer material include Nafion,
ethyl cellulose, ethoxyethyl cellulose, cellulose acetate,
cellulose acetate butyrate, modified starch,
polyvinylpyrrolidone, vinylpyrrolidone copolymers,
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phosphate or trlcresyl phosphate.

Shape of the gas detector is not specifically
limited so far as it comprises at least a gas reactive
pigment, preferably with a matrix polymer and a
plasticizer. It may be comprised of a unsupported polymer
composition containing a gas reactive pigment, or may be
such a composition supported on a carrier. Preferred
carriers include an alumina substrate, a glass plate, an
optical fiber, paper sheet, glass beads and silica gel,
but may not be limited to these examples.

The method for measuring a gas to be detected using
the detector is not specifically limited so far as it can
detect at least one gas of a halogen gas, a hydrogen
halide gas, an acidic gas, an oxidizing gas, a basic gas
and an organic acid éas by bringing the gas to be detected
into contact with said gas detector and measuring a color
change in said gas detector. .

The color change may be measured by comparing color
densities of saild detector by visual observation, but
preferably the measurement is conducted in one of the
following manners:

(1) the color change in said gas reactive pigment may
be measured as a spectrum change of a light beam directed
to said detector;

(2) the color change in said gas reactive pigment may
be measured under irradiation of said detector with a
light beam to measure a change in the absorbed amount of
light as the beam transmitted through or reflected from
said detector or to measure a change in the amount of
fluorescence;

(3) the color change in said gas reactive pigment may
be measured under irradiation of said detector with a

ation



(spectrun) of the gas detector and the concentration of 10 the gas to be
detected. Wiereby, it is possible to inprove the sensitivity of the
detection by enploying a calibration curvg wherei n the spectrum changes
rapidly in response to the varying gas co deftrations. On the ot her hand,
by using a calibration curve which is linear over a 15 w der gas
concentration range, detection of the gas over a w der concentration range

will be possi React|ve P| nent he tetraphepyl porphyrin represented
by the genera?kggFgg 1?8oregsaer|vaF rtﬁg?%gg,agn% ?%gr%%%gy %gnplex 20
of tetraphenprUeénygthSrepr@benbedmbyruhemgéhedathroughIer(ﬂ?fbecbed

derivative th@ggﬂfsg&g gg@gegbky gpown and described, for exanple, in
I norg. Chem - 245 the disclosure of which is incorporated

herein by ref gﬁénce 12‘5 °°1°r chapge ifeaih s Feart iginaigmens man (1)

representifg baemgh@u@buranabralgaadiae@bnvefpseﬂanaeﬂé@dornwiﬁﬁ aas
detector of this |n¥§nt| each substituent rro#gFrln
rﬂu

bel ongi ng to tHE5oPSAT: iR REEFEEE Rn°P 8rg8H3P§F ? ¥pPesents a
hydr ogen at onwaxe3deénglthlsogsn tacobpam bransmgtded, throyghoogr peplectaa

al koxy group, (304 £R8a"WERELE0R ala to?hdalull tHE §YPELLLHER!$n the
color change at the plurality of wavelengths.
10 Apparatus
The structure of the detection apparatus of this
invention using the gas detector is not limited to any
specific structure so far as said gas detector is provided
in the passage of a gas to be detected. A preferred
15 apparatus has a structure as shown in Fig. 2. Referring
to Fig. 2, a gas detector 3 is formed on a substrate 2
housed in a measuring cell 1. A heater 9 and an outer
temperature controller 10 are provided to control the
temperature of the gas detector 3. A projector/receptor 7
20 is provided in front of the substrate 2 of the gas
detector 3. The projector/receptor 7 projects a beam from
a halogen lamp 6 by way of an optical fiber 8 and receives
the beam reflected from the substrate 2 under the gas
detector 3. The signal received by the receptor is
25 transmitted to a multiphotometic detector 11. A sample
gas 4 is passed through the measuring cell 1, while the
inside of the cell 1 is maintained at a temperature within
the range of 40 to 80°C, to measure a change in the
reflective spectrum after the reaction with TPP in the gas
30 detector 3. The results of the measurement are then
introduced to a computer 12 and the information is
processed therein.
Another example of the detection apparatus is shown
in Fig. 3, wherein a gas detector is comprised of an
35 optical fiber 8 coated with the above-mentioned solution
containing a gas reactive pigment. The gas detector is
provided in a gas passage 13 through which a sample gas is
prassed. A detection beam from a halocgen lamp 6 is



(Glerr], (Qlerr], (Q[err] and (G[err] on the four phenyl groups
attached to the porphyrin nucleus nmay be the sane or different and
represent an irnteger of 0 to 5. The 35 pogition of these substituents on
t he four phenyl groups may al so be the safe or different. Grepresents a
substituent selected froma hydrogen atom a hal ogen atom a hydroxyl
group, a sulfonic acid group, a carboxyl group, -9- an al kyl group, an
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t he general fBPﬁﬁPHhPE?mﬁéﬁigs@ﬁF§°5°ﬁyH¥og & PELIHFHF AWt nitro
group, a annﬁegépuaromagnbal&amulﬁedgiﬁu@nehhﬁeﬁtesents a transition netal
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the embodiment of the apparatus of Fig. 2. The measuring
cell 1 includes an inlet tube and an outlet tube for
allowing a sample gas to pass through, a detector 3 on a

10 substrate therefor 2, a temperature-controlling unit
including a heater 9 and a temperature controller 10, and
an orifice to allow the entrance and exit of a detection
beam or the like. The area of the measuring cell 1 is the
detection area.

15 In the detection area of the detection apparatus
shown in Fig. 2, the gas detector 3 with the alumina
substrate 2 is placed in the measuring cell 1. The

-measuring cell 1 is equipped with the heater 9 whose
temperature is controlled by the outer temperature

20 controller 10 as shown in Fig. 1. Said gas detector 3 is
brought into contact with a sample gas introduced via a
gas inlet. The detector is then irradiated with a beam
which is guided through an optical fiber from the
projector/receptor 7 while the measuring cell 1 is

25 maintained at a preset temperature by heating the
associated heater 9 by the outer temperature controller 10.
The beam reflected from the gas detector 3 is received by
the projector/receptor 7 and then measured by the
multiphotometric detector 11 through the optical fiber 8.

30 The sample gas in the measuring cell 1 is discharged as
exhaust gas from a gas outlet.

EXAMPLE
A gas detection method of this invention using the
above-mentioned gas detection apparatus will now be

35 explained more in detail by way of examples, but the
following example should not be construed as limiting this
invention. Although the invention will be explained in
the following examples with reference to the detection



especially preferred. Here, the hal ogen atomneans F, C, Br, | and At. G
and a, b, ¢ and d have the sane neanings 15 as defined for the general
formula (1). As exanples of the tetraphen&sporphyrln of the formula (1) or
a derivative thereof tetraphenyl porphyrin;

t et r aki s(4- bronophenyl ) por phyrin; 20

t et r aki s(-4- chl orophenyl ) por phyrin; tetrakis(4-nmetoxyphenyl) porphyrin;

.l
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and 25 degeciioomapparaguenyfpdifiierentatypasnsiicheds Bbatnsbrunpl e
of the netal Eﬁ”@"i%x af, et L3RReRy QBPE‘Q%E.E‘Eer thi® Eﬁényheeﬁ%loﬂrcan

deri vati ve thereof Zi nc rabronotetra rrn i1s
nment i oned. Th@eg§§aP$&€vaénpmgﬁéﬁﬂeﬂe§eF§SmWﬂﬁh8ug @egaeﬁlas ﬁrﬁﬂl6§én

gas, a hydsogeropal afd ghe spairddi @IFC tBasingBn@ibeizi ng gas, a basic gas or
an organic acid gas (gas to 35 be detected) to cause a change in the
el ectronic state of

Example 1
A gas detector was prepared from
tetraphenylporphyrin (TPP), ethyl cellulose (EC) as a

10 matrix polymer and diethylhexyl phthalate as a plasticizer
by adding diethylhexyl phthalate in an amount of 0.33g per
1g of ethyl cellulose and then adding 1.0 x 10_'5 moles of
tetraphenylporphyrin to thus plasticized matrix, and the
gas detector was applied on an alumina substrate.

15 The gas detector was placed in a measuring cell
equipped with means for maintaining the inside of the cell
at a desired temperature. Gas mixtures containing
hydrogen chloride at 0, 1, 2, 5, 10, 15, 20, 30, 40 and 50
ppm in nitrogen were sequentially introduced into the

20 measuring cell set at a temperature of 30°C, 45°C or 60°C
so that the gas mixtures containing hydrogen chloride
would come into contact with the gas detector.
Measurements were taken with a detection beam at 450 nm
and the results of the beam reflected from the gas

25 detector are shown in Figs. 4 and 5 as measured by a
multiphotometric detector. |

Fig. 4 shows the effect of temperature on the
concentration range of HCl measurable by the detector
comprising TPP. The height of the absorption peak at 450

30 nm was plotted against HCl concentration at each
temperature. The figure shows that the concentration of
hydrogen chloride gas could be measured only within the
range from 0 ppm to 10 ppm by the prior measurement using
a measuring cell set at a temperature of 30°C while the

35 concentration of hydrogen chloride gas in the range from 0
ppm to 30 ppm could be measured by raising the temperature
of the measuring cell to 45°C and even the concentration
of hydrogen chloride gas in the range from 0 ppm to 50 ppm



t he pignent nol ecules. Said change in the electronic state gives rise to a
change in color or absorption spectrumof the pignent. Thus, it is possible
to prepare - 10 - a gas detector congrh%iqg the gas reactive pignent,
and then a gas to be detected is brought into contact with the gas
detector, while the detector is being irradiated with a detection beam to
nmeasure a color change in the 5 reactive pignent supported on the carrier

of ihe gas deieghol iy nikiled by $A9CHEUMLARARYRDEBAEReIBEE k0N Deam

transmtted through . | ected”from said gas ector. I's node of
measur ement WMERHEIRG Sedds ttor 69Gply referred to as neasurement of a

spectrum change in 1@igihe gRSwseaCsiMEIR-I§BAPn 48 iMiBiyay4, pebappe of
col or or a change of col.or densit c%f t he %g§ detect or conprising the gas

reactive pig SUT <S5 G MBSO £9 &&n Mfasured as a change of the
posi ti on afhd/ or hei giRtigof 6pehkwsofatheuspspéctnunfpdbtethe oL£aTPPve

bigment. 1N W:sddantiop. 1 hhea3guce o6 the deheciten degm directed to

the gas detector to nea
concentrations.

Example 2
A similar test as in Example 1 was conducted using

10 5,10,15,20-tetrakis(4-bromophenyl)-21H,23H-porphyrin
(TP(4-Br)P) as the pigment. 1.18 x 10-5 moles of the
pigment and 2.56 x 10_3 moles of the plasticizer were used
per 1g of ethyl cellulose. The results are summarized in
Figs. 7 and 8.

15 Fig. 7 shows the effect of temperature on the
concentration range of HClL measurable by the detector
comprising TP(4-Br)P. The height of the absorption peak
at 452 nm was plotted against HCl1l concentration at each
temperature. Fig. 8 shows various spectrum patterns of

20 TP(4-Br)P formed at 43°C in response to the indicated HCL
concentrations.

Example 3
A similar test as in Example 1 was conducted using
tetrabromotetraphenylporphyrin (Br4 TPP) as the pigment.

25 1.10 x 10 moles of the pigment and 2.56 x 10" moles of
the plasticizer were used per 1g of ethyl cellulose. The
results are summarized in Figs. 9 and 10.

Fig. 9 shows the effect of temperature on the
concentration range of HCl measurable by the detector

30 comprising Br4 TPP. The height of the absorption peak at
452 nm was plotted against HCl concentration at each
temperature. Fig. 10 shows various spectrum patterns of
Br4 TPP formed at 43°C in response to the indicated HC1
concentrations.

35 Example 4 _

A similar test as in Example 1 was conducted using
zinc tetrabromotetraphenylporphyrin (Zn Br4 TPP) as the
" pigment. 1.10 x 10 moles of the pigment and 2.56 x 10



a change in the reactive pignent as a change in the spectrum of the beam
transmtted through or reflected fromthe gas detector may be natural white
| ight, halogen lanp 20 |[|ight or one or_nqge_nonochronatic beans. The
"original color"” of the gas reactive pignént, i.e. the position and/or

hei ght of peaks of the spectrum of the pignent before contact with said gas
and a "reaction-induced color change", i.e. a change of the 25 position

and/ or hei ot nghoReales (B, Lhactiedyelinidbe! lige! gUENL! BeoQBL3E! Wi (h said

gas depend on the indivi gas reactive pi nt. ~ ange“in the
posi ti on and/ 6F1ABLGRE -of TRpcEeFUht Peake FpOWRelpBigRact! vandi dent in
response to 30 the gag.t91bshdrs cehede £06St Vet Vi SRPEREH WBe Obn t i PI gMENt
and the species_of the gas to be d tgghed, but bge Eaighchange i, S :
reversible, af@PCREFERSER FRVERe CLbdbrcBeGFULARLGa8Yt §RBe IGELELPED, the
spectrum of t cemprdsEmly iZa Bedt AP®d (Dhe khyigt t bit théeapsopption SpeaRdy
for the next QU C i u r n I .m.ni_ng th
concentration%%f4g%g§g'%%% %P@F@?? ?ﬁggﬂggngﬁg %?“ﬁ%&g%%?éghtﬁg E%Fi%
density of a ¢empesadarsr., Fhg.r &prshoes bvarigusf spectovmnpatterssaof

Zn Br4 TPP formed at 43°C in response to the indicated HCL

concentrations.

10 In a gas detection method and apparatus for
detecting a gas to be detected by bringing the gas to be
detected into contact with a gas detector comprising a gas
reactive pigment tetraphenylporphyrin or a
tetraphenylporphyrin derivative or a metal complex thereof,

15 the detectable concentration range of the gas can be
broadened and the detection speed, or response speed, can
be improved by raising the temperature of the gas

detection area to a range from 40 to 80°C.



very inportant factor. Measurenents with good reproducibility may typically
be obtai ned by observing a change in the optical density of detection beans
wi th varying wavel engths directed to the Sfaple,_i.e. by 5 scanning the
spectra of the detection beamtransmtted rough or reflected fromthe gas
detector to find out peaks of the spectra and then using a beamof a

wavel ength showi ng the peak value as a detection beamto neasure the col or

density of th }ﬁgg rd Jnterest. 10 Gas Detector A gas reactive pignent
is normal |y aglp |e§§o#1'§&®§rpr{1 I to increase the area in which the pignent

conmes into codt.act wAt gaa detecTheneafietkodt heingra dgssreacetverpidmernt n

collectively QEQQ§1Q£$“ lgpggas reactive 15 pignents thensel ves but al so
t hose supported on a céﬁ?ierf The gas detector nay be prepared by

di ssol ving one of thBraBddéngent JancdetagteEacPPRELIpindents e add8| vent
(005! LTt on e sy & cAo8) wig iphaeionopeainea shel i 19
Zg:veﬁ?suare ﬁ%ﬁ%%gﬂﬂa%?%%%?%%ﬁﬁﬁ15°5WuiﬁszglvpﬁéabﬁFﬁiBBF}Nﬁr§B§ﬁEOf'
pi gnents, suclhras metal complex of tetraphenylporphyrin represented by
the following general formula (2) or a derivative thereof;
bringing at least one gas to be detected which is
selected from the group consisting of a halogen gas, a
hydrogen halide gas, an acidic gas, an oxidizing gas, a
basic gas and an organic acid gas into contact with said
gas detector:
maintaining the temperature of the detector or the
vicinity thereof in the range from 40 to 80°C while said
detector is in contact with the gas to be detected;
irradiating the detector with a light beam while
said detector is in contact with the gas to be detected and
said temperature is maintained; and
measuring the spectrum of the light which is
reflected or transmitted from said gas detector, whereby
the intensity of the spectrum is an indication of the
concentration of said gas to be detected:

Formula (1):

A



di net hyl f or mam de, di oxane, toluene and a mixture of toluene and ethanol
(8:2). It is known that the sensitivity of the gas detector varies with the
25 concentration of the gas reactive pignent as well as the ratio between
the matrix polymer and the plasticizer. “THée factors are sel ected so that
the gas detector used in this invention preferably has a high sensitivity.
The matrix polynmer and plasticizer used in the gas 30 detector are not
specifically Limt vided that they are transparent and soluble in a
sol vent used FBFmHiésg?Slng the gas reactive pignent and that they do not
have any substantial absorption peak in the vicinity of the absorption
wavel ength of the gas reactive pignment.z% Exanpl es of such a

pol ymer material include Nafion, ethyl @), et hoxyet hyl cel |l ul ose,

cel lul ose acetate, cellul ose acetateRbu ; atqz modi fied starch,

pol yvi nyl pyrrolidone, vinylpyrro. |do‘e Coooly Br s - 12 - polynethyl
vinyl ether and nethyl vinyl eth 2 S % pl asticizer mxed with
said polynmer materi al
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wherein in formula (1) and (2), _

R represents a substituent selected from the group
consisting of a hydrogen atom, a halogen atom, a nitro
group, a cyano group and an alkoxy group,

G represents a substituent on the four phenyl groups
selected from the group consisting of a haldgen atom, a
hydroxyl group, a sulfonic acid group, a carboxyl group, an
alkyl group, an alkoxy group and an amine group,

a, b, ¢ and 4 may be the same or different and each
represents an integer of 0 to 5, and the substitution
position of G on each phenyl group may also be the same or
different,

M represents a tranéition metal.

2. A gas detection method according to claim 1, wherein
said gas detector comprises the gas reactive pigment '
supported on a carrier together with a matrix polymer and a
plasticizer.

3. A gas detection method according to c¢laim 1, wherein
the gas reactive pigment is tetraphenylporphyrin and the
measurement of the spectrum is conducted at an approximate
wavelength of 450 nm or 660 nm.

4. A gas detection method according to claim 1, wherein
HC1l contained at a concentration from 0 to 50 ppm in a
mixed gas is detectable without need of previous dilution



may i nclude phthal ates such as dibutyl phthal ate or diethyl hexyl phthal ate
(also called as dioctyl phthalate); 5 glycolates such as ethyl phthalyl

et hyl glycol ate or butyl phthalyl ethyl glycolate; or phosphates such as
tributyl phosphate or tricresyl phosphaté.‘éﬁépe of the gas detector is not -
specifically limted so far as it conprises at |east a gas reactive 10

pi gnment, preferably with a matrix polynmer and a plasticizer. It nay be
conprised of a_unsupported_pol r.conmposi tion containing a gas reactive

pi gment, or ndy GEPSERFT %&8Hp§g?FP8n &6H0oPR&8d on a carrier. Preferred
carriers incl 8de an Al gasndetettiont @ppargtassfqat at@rraingSouvpaigas fi ber,

heet, gl d L .. .b . k. h
bxanpl o, - The SRR EIER RetHoat is 6, Bolons) LbalRY vOb: Bifeht REBERRTTERS |
i s not specificdaimy 1i.i giom@FisdnPar as it can detect at |east one gas of a

hal ogen gas, a hydrogepagBagBakbfeifesoddBing! i §a82Eo BE BXtELELAY 0aS, a
basi ¢ gas and .an _organic acid gas by brin |n% t he ggs to _be detected.into
contact wth §£9&u§g§ghéﬁééﬁéﬁ aﬁ&en€§éﬁrgﬁ& 9eBoPGF - c RaRJETrAeRa Pa1dde

det ector. The ga®,ofarC laaigh crgashe afieaxided iy gaspaki bgsiel agas2anddansi ti es
of said detec%&bgg&ané%fg g%g§ervation, but

a gas detector provided in said passage comprising a
gas reactive pigment supported on a carrier;

a light source for irradiating said gas detector and
means for guiding the light beam from the light source to
the gas detector;

a device for detecting the change or intensity in
the spectrum of the light beam which is transmitted through
or reflected from the gas detector when said gas detector
is irradiated; and

a heating device for heating the gas detector
directly or indirectly at a temperature of from 40 to 80°C.
6. A gas detection apparatus according to claim 5,
wherein said gas detector comprises the gas reactive
pigment supported on a carrier together with a matrix
polymer and a plasticizer.

* c L M s *



preferably the neasurenent is conducted in one of the foll-ow-ng--nanners:
(D) the color change in said gas reactive p| nt nay be neasured as a

spectrum change of a |ight beam directed %Sra mﬁpwﬂ?@placeq 2) t he
col or change in said gas reactive pignent y be i‘rradi ation
of said detector with a |light beamto nmeasure a absorbed

anmount of light as the beamtransmtted through or reflecte ron135 sai d

detector or to nmeasure a E (3) t he
col or change in'said gas r gﬁg%ﬁ?& %§§§%§v§ ggégg nder i rradiation
of said detector with a a color change at a

plurality of wa¢eiraget by ngtbqsagggbkgansn1tted through or reflected from
sai d detector; or t he col or chanfe in said gas reactive pignent may

5 be neasured unde&hiﬁrh VaRtben oprewide s cr deeehody For LAt mintrgn t o
measure a §0l @heCkdhdRntiratibnUo# at Yasf to be detected by a gas

detector using a gas reactive pigment, wherein the dynamic
range of the detectable concentration can be controlled.

The method comprising bringing a gas to be detected such
as a halogen gas, a hydrogen halide gas or the like into

10 contact with a gas detector placed in a detection area and
comprising a gas reactive pigment tetraphenylporphyrin or
a derivative thereof represented by the general formula
(1) or a metal complex of tetraphenylporphyrin or a
derivative thereof represented by the general formula (2);

15 and irradiating said gas detector with a detection beam
and measuring a color change in said gas detector to
determine the concentration of said gas to be detected,
wherein the measurement is carried out in the temperature
range from 40 to 80°C of said detection area; and a

20 detection apparatus for carrying out the said method are
disclosed.

R D
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wavel engths as the beamtransmtted through or reflected fromsaid detector
and to neasure the difference in the color change at the plurality of
wavel engt hs. 10 Apparatus The structure of the detection apparatus of this
i nvention using the gas detector is not limted to any specific structure
so far as said gas detector is providedi,in the passage of a gas to be
detected. A preferred 15 apparatus haéﬁ& structure as shown in Fig. 2.
Referring to Fig. 2, a gas detector 3 is forned on a substrate 2 housed in
a neasuring cell 1. A heater 9 and an outer tenperature controller 10 are
provided to control the tenperaturiﬁpysyhejpas detector 3. A
projector/receptor 7 20 is providéd frdnt of the substrate 2 of the gas
detector 3. The projector/receptor 7 projects a beamfroma hal ogen | anp 6
by way of an optical fiber 8 and re&eives the beamreflected fromthe
substrate 2 under the gas detector 3) The signal received by the receptor
is 25 transmtted to a nultiphoto ic detector 11. A sanple gas 4 is
passed t hrough the neasuring cell 1, gshile,the inside of the cell 1 is
mai ntai ned at a tenperature within range of 40 to 80[err]C, to neasure
a change in the reflective sp reaggion with TPP in the gas
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30 detector 3. The results of the measurenent are then introduced to a
conputer 12 and the information is processed therein. Another exanple of
the detection apparatus is shown in Fig. 3, wherein a gas detector is
conprised of an 35 optical fiber 8 coated with the above-nentioned
solution containing a gas reactive pig t. The gas detector is provided in
a gas passage 13 through which a sanpl & ths is passed. A detection beam
froma halogen lanp 6 is 14 - introduced into the optical fiber 8 via a
projector 14 and the beam |l eaving the optical fiber 8 is received by a
receptor 15 and the signal is transmtted to a nultiphotonetric detector

11. The projector and the 5 receptor may be conbined in one unit. Fig. 1
shows details of the neasuring cell used in the enbodi nent of the apparatus
of Fig. 2. The neasuring cell 1 includes an inlet tube and an outlet tube
for allowing a sanple gas to pass through, a detector 3 on a 10 substrate
therefor 2, a tenperature-controlling unit

Fig. 3

15 14

12




including a heater 9 and a tenperature controller 10, and an orifice to
allow the entrance and exit of a detection beamor the like. The area of
the neasuring cell 1 is the detection area. 15 In the detection
area of the detection apparatus shown in Fig. 2, the gas detector 3 with
the alumina substrate 2 is placed in the neasuring cell 1. The measuring
cell 1 is equipped with the heater 9 ®4e tenperature is controlled by the
outer tenperature 20 controller 10 as shown in Fig. 1. Said gas detector 3
is brought into contact with a sanple gas introduced via a gas inlet. The
detector is then irradiated with a beam which is guided through an opti cal
fiber fromthe projector/receptor 7 while the neasuring cell 1 is 25

mai ntai ned at a preset tenperature by heating the associ ated heater 9 by
the outer tenperature controller 1Qw Jhe begmreflected fromthe gas
detector 3 is received by the proj getpl,reépptor 7 and then neasured by the
mul ti photonetric detector 11 through the optical fiber 8 30 The sanple gas
in the neasuring cell 1 is discharged as exhaust gas froma gas outlet.
EXAMPLE A gas detection method of this invention using the
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above-nenti oned gas detection apparatus will now be 35 explained nore in
detail by way of exanples, but the follow ng exanple should not be
construed as limting this invention. A though the invention will be
explained in the follow ng exanples with reference to the detection - 15
- apparatus of Fig. 2, simlar resultsei |l be achieved by a detection
apparatus of different types such as tAatl shown in Fig. 3. It will be
appreciated that the invention can be practiced in nodified forns w thout
departing fromthe 5 scope and the spirit of the invention. Exanple 1 A gas
detector was prepared fromtetraphenyl porphyrin (TPP), ethyl cellul ose (EC
as a 10 matri x polynmer and di et hyl hexyl phthalate as a pl asticizer by
addi ng di et hyl hexyl phthalate in an anmount of 0.33g per 1g of ethyl
cellulose and then adding 1.0 x 10[err] nol es of tetraphenyl porphyrin to
thus plasticized matrix, and the g Aﬁgb;qfir was applied on an al um na
substrate. 15 The gas det ett dr s™pl aced in a neasuring cel
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equi pped with neans for maintaining the inside of the cell at a desired
tenperature. Gas m xtures containing hydrogen chloride at 0, 1, 2, 5, 10,
15, 20, 30, 40 and 50 ppmin nitrogen were sequentially introduced into the
20 neasuring cell set at a tenperature of 30[err]C, 45[err]C or 60[err]C so
that the gas mixtures containing hydroggen chloride would come into contact
with the gas detector. Measurenents wef¢{taken with a detection beam at 450
nm and the results of the beamreflected fromthe gas 25 detector are shown
in Figs. 4 and 5 as neasured by a nmultiphotonetric detector. Fig. 4 shows
the effect of tenperature on the concentration range of HCO neasurabl e by
the detector conprising TPP. The height of the absorption peak at 450 30 nm
was plotted agai nst HCl concentratian.at e tenperature. The figure shows
that the concentration of hydrogen fehf . d@gas coul d be nmeasured only
within the range fromO ppmto 10 ppm Dy the prior neasurenent using a
nmeasuring cell set at a tenperature of 30[err]C while the 35 concentration
of hydrogen chloride gas in the range fromO ppmto 30 ppm coul d be
measured by raising the tenperature of the neasuring cell to 45[err]C and
even the concentration of hydrogen chloride gas in the range fromO ppmto
50 ppm
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- 16 - could be neasured by raising the tenperature of the neasuring cel

to 60[err]C. Fig. 5 shows a simlar graph as in Fig. 4, but the neasurenent
was conducted at 660 nm 5 Fig. 6 shows various spectrum patterns
of TPP forned at 45[err]C in response to the indicated HC concentrations.
Exanple 2 A simlar test as in Exanple @,was conducted using 10
5,10,15,20-tetrakis(4-bronnpheny|)-21H,é$&kporphyrin (TP(4-Br)P) as the
pignent. 1.18 x 10 noles of the -3 pignent and 2.56 x 10 nol es of the

pl asticizer were used per 1g of ethyl cellulose. The results are summari zed
in Figs. 7 and 8. 15 Fig. 7 shows the effect of tenperature on the
concentration range of HC neasurable by the detector conprising TP(4-Br)P.
The hei ght of the absorption peak at 452 nmwas plotted agai nst HC

concentration at each
Fig. 7
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tenperature. Fig. 8 shows various spectrum patterns of 20 TP(4-Br)P forned
at. 43[err]C in response to the indicated HCO concentrations. Exanple 3 A

simlar test as in Exanple 1 was conducted using

t et r abr onot et raphenyl porphyrin (Br4 TPP) as the pignent. 25 1.10 x 10[err]
nol es of the pignent and 2.56 x 10[errZ}nDIes of the plasticizer were used
per 1g of ethyl cellulose. The results/gne summarized in Figs. 9 and 10.
Fig. 9 shows the effect of tenperature on the concentration range of HC
measur abl e by the detector 30 conprising Br4 TPP. The height of the
absorption peak at 452 nmwas plotted against HCl concentration at each
tenperature. Fig. 10 shows various spectrumpatterns of Br4 TPP forned at
43[err]C in response to the indicated HO concentrations. 35 Exanple 4 A

similar test as in Exanple 1 was cfﬁﬁ&g&egﬁgsing zi nc
t et r abr onot et raphenyl por phyrin (Zn*B PPy*as the pignent. 1.10 x 10[err]

nol es of the pignment and 2.56 x 10[err]
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- 17 - nmoles of the plasticizer were used per 1g of ethyl cellulose. The
results are shown in Figs. 11 and 12. Fig. 11 shows the effect of
tenperature on the concentration range of HC neasurable by the detector 5
conprising Zn Br4 TPP. The hei ght of the absorption peak at 476 nm was

pl otted agai nst HC concentration at g%ch tenperature. Fig. 12 shows

vari ous spectrum patterns of zn Br4 TPPIflorned at 43[err]C in response to
the indicated HO concentrations. 10 In a gas detection nethod and
apparatus for detecting a gas to be detected by bringing the gas to be
detected into contact wwth a gas detector conprising a gas reactive pignent
t et raphenyl porphyrin or a tetraphenyl porphyrin derivative or a netal
conpl ex thereof, 15 the detectable concentration range of the gas can be
br oadened and the detection speed, or response speed, can be inproved by
raising the tenperature of the gas detection area to a range from40 to

80[err]C - 18 - F:i£7 E;
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VWHAT |S CLAIMED | S: 1.
whi ch conpri ses,
reactive pigment,

pi gnent ,

gener al

selected fromthe group consisting of a hal ogen gas,
an acidi c gas,
contact with said gas detector;
or the vicinity thereof
detector is in contact with the gas
detector with a Iight beamwhile s

providing a

bringing at | east

an oxi di zi ng gas,

7 fengjcted;

gas detector conprising,

or a netal

conpl ex of
formula (2) or a

A gas detection nmethod using a gas reactive
as the gas
a tetra phenyl porphyrin represented by the follow ng

formula (1) or a derivative thereof,

t et raphenyl por phyrin represented by th@,follow ng general
derivative thereof; dﬁ

€ gas to be detected which is

a hydrogen halide gas,
a basic gas and an organic acid gas into
mai ntai ning the tenperature of the detector
in the range from40 to 80[err]C while said
irradiating the
is in contact with the gas

to be detected and said tenperature is maintained; and neasuring the
spectrumof the light which is reflected or transmtted fromsaid gas

det ect or,

concentration of said gas to be detected:

REFLECTANCE (%)

whereby the intensity of the spectrumis an indication of the
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Formula (1): [err] - 19 - Formula (2): [err] wherein in fornmula (1) and
(2), Rrepresents a substituent selected fromthe group consisting of a
hydrogen atom a hal ogen atom a nitro group, a cyano group and an al koxy
group, Grepresents a substituent on the four phenyl groups selected from
the group consisting of a hal ogen atoi,a hydroxyl group, a sulfonic acid
group, a carboxyl group, an al kyl groug,fan al koxy group and an ami ne
group, a, b, ¢ and d may be the sane or different and each represents an
integer of 0 to 5, and the substitution position of G on each phenyl group
may al so be the sane or different, Mrepresents a transition netal. 2. A
gas detection nethod according to claim1l, wherein said gas detector
conprises the gas reactive pignent

Fig. 11
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supported on a carrier together with a matrix polyner and a pl asticizer. 3.
A gas detection nethod according to claim1, wherein the gas reactive

pi gnent is tetraphenyl porphyrin and the neasurenent of the spectrumis
conducted at an approxi nate wavel ength of 450 nm or 660 nm 4. A gas

det ection nethod according to claim1, 1Werein HO contained at a
concentration fromO to 50 ppmin a m xéd1gas is detectable w thout need of
previ ous dilution - 20 - or concentration of -the m xed gas. 5. A gas
detection apparatus for carrying out a gas detection nmethod using a gas
reactive pignent according to claim1l, conprising a passage for introducing
a gas to be detected including at | east one of a hal ogen gas, a hydrogen
hal i de gas, an acidic gas, an oxidizing gas, a basic gas and an organic

acid gas; a gas detector provided ip_.gai d passage conprising a gas reactive
pi gnent supported on a carrier; [sz.
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-

a light source for irradiating said gas detector and nmeans for guiding the
| i ght "beam fromthe Iight source to the gas detector; a device for
detecting the change or intensity in the mpectrumof the |ight beam which
is transmtted through or reflected fromthe gas detector when said gas
detector is irradiated;, and a heating device for heating the gas detector
directly or indirectly at a tenperature of from40 to 80[err]C. 6. A gas
det ecti on appar.at us accorGASPRTECTHONNTMETHODE IANDY ARBARARIS det ect or

conprises the gas reactive piUSENG GAPRBACTIVE) RIGMENT er together with a

matri x pol yner _and a pl asticizer.
ABSTRACT OF THE DISCLOSURE

This invention proﬁides a method for determining

5 the concentration of a gas to be detected by a gas
detector using a gas reactive pigment, wherein the dynamic
range of the detectable concentration can be controlled.
The method comprising bringing a gas to be detected such
"as a halogen gas, a hydrogen halide gas or the like into

10 contact with a gas detector placed in a detection area and
comprising a gas reactive pigment tetraphenylporphyrin or
a derivative thereof represented by the general formula
(1) or a metal complex of tetraphenylporphyrin or a
derivative thereof represented by the general formula (2);

15 and irradiating said gas detector with a detection beam
and measuring a color change in said gas detector to
determine the concentration of said gas to be'detected,
wherein the measurement is carried out in the temperature
range from 40 to 80°C of said detection area; and a

20 detection apparatus for carrying out the said method are
disclosed.

FIG. 1




