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SPECI FI CATION COLORI METRI C SENSOR 5 FI ELD OF THE
| NVENTI ON [ 0001] The present invention relates to a
colorimetric sensor. More particularly, it relates to
a colorinetric sensor for detecting a particular
material present in the air. Mreover, it relates to
a filter or apparatus for an air conditioner equi pped
with the colorinetric sensor, and to an air
conditioner 10 equipped with such the filter or
appar at us. BACKGROUND OSPEGRICMENINON [ 0002] As a
nmeans for confirmng a lifetinme of a filter for an air
conditioner, a lifetinme display which utilizes a
dust - coIIectlng function of a nonwoven fabric has 15
been known. This ha$QLORIMERRIGSENSORI | ter is
covered with a col ored nonwoven fabric consisting of
fibers excellent in the dust-collecting function and
c-lor of the nonwoven fabric is changed
N BNt i ty:  of a dust adsorbed onto
‘bﬁ@ Eonmo en fabrl with the passage of the air
Tkthro '@‘ﬁ ?W"E%BH%‘P@H dJelatgp_tB s gelprinetsy. seusor.  More
%@% qe ot her fnd different fromthe dust, a
e 'BF ﬁt%tpe? |°S onmetricrenscr fefudatesting & patticalar material
ni c conpounds) etc. is

(v ile q
pﬁ%{;#@c{ﬂ t”“? Fbe %%%Y?f ég%fat@%@ %\féterme@nperatys for an air
ed onto t lter. As a _nethod for detectin
Cgﬂ@ﬁ"’?ﬁé E?Pé%%‘??% 'fa%agqi?r@n@mc §EESHeand fovan aiih donditioner
i si al | acti e mat eri al and an
eﬁﬁﬁr@ﬂﬂ@ﬂ%ﬁ ?Hi a%[?%'a UWich 25 as natural
mat eri al s, tOXI ns, horm)nes agrochemcals etc. are

captured by an antigen-antibody reaction with an
: ecific for the 2 material,

¥ t he antl body is measured

H Pg%el s O%Q? RS s B o sy Picatap ondione, a

Ii%%ﬁelglsﬁl%%y 284 a dust-collecting function of a nonwoven fabric has

been known. This has a system that the filter is covered with a colored

nonwoven fabric consisting of fibers excellent in the dust-collecting function and

~ an apparent color of the nonwoven fabric is changed depending upon a quantity:.

of a dust adsorbed onto the nonwoven fabric with the passage of the air
therethrough (For example, see JP-B 32860/1995).

[0003] O_n the other hand, different from the dust, a presence of a material
in the air such as bacteria, viruses, VOCs {volatile organic compounds) etc. is

difficult to be visually confirmed even when it is adsorbed onto the filter. As a

. method for detecting such the material, a measurement has been known, in

which a physiologically active material and an environmental pollutant etc. such
as naturat materials, toxins, hormones, agrochemicals etc. are captured by an

antigen-antibody reaction with an antibody (or an antigen) specific for the



SUMVARY OF THE | NVENTI ON [ 0004] While various filters
have been devel oped in order for a renoval of a
particular nmaterial present in the air such as, for
exanpl e, bacteria, viruses, VOCs (volatile organic
conmpounds) etc., there has been no neans whi ch not
only reveals a presence of such the particul ar
material, but also confirms a performance of the
filter about the renoval of the material or alifetine
of .the filter That is, since to what an extent the
H}f}tf‘\"%‘u PR the Maateral sapturasl by thenastitushnis measred dwgording to an

tent th t I
TP S o ARl o2 Wl e enibony ot o
ERAMPIL Yeelfp-l4 O??ft?d@ were difficulties in
i ng state of the filter and in

confirmng a wor
exchanging the filter at a suitable time to use under

an optimal condition. [0005] Therefore, disclosed

SUMMARY OFEHESINVENTIONCt i ng the presence of the
articular material 1nthe air. Al so disclosed herein

4 i White vasiousnfiltérs havertstidri deesiopdd ‘ﬁho?‘cﬂ# 608TrbFidval of a

%ﬁ{'ﬁ glresence of the particular material in the air,
cYandnalsdial presenttinr tiengirt siechpast fomeramph, bdvteria, viruses,

e . an air conditioner about the renoval of
Y‘?? {%’P "’?qﬂ%P&Qa'ﬂ'ﬁt%?mafPumfd/@p .tthere hesthean oo maans which not

Jrll (’%%‘%8‘8 gtﬁlai?.%ﬁfe rfg%f%ﬁ ﬁﬁ?ﬁ%&u é]re hiqggﬁgﬁfhug nratgo confirms a
p&‘é?f&hia?ﬁ:‘é G thé @iff@l‘ 850 hé ?&n%ngﬁﬁhé:rﬁgtgﬂél % %ﬂ %Iﬁg? of the filter.

Tvr‘:\fns}th alsmpoa;]tl cqu e @g” aw
ey @5 Gvhatd Q,;
bi ndi ng. of the parti cul g‘?lr Ia'ag%%%ﬁglrgﬁzlﬁ% i has been
- remvicovexl ey thesfiltertendikedhas af éﬂ@éﬁﬁth@%arﬂ@t&lﬁi‘;ﬂﬁeﬁéﬂﬁ the air has
presence of the particular materi al
begpoapsathed psio the dilter rotldiagcie KrioWie t'h'ér@rvﬁé'i‘edéﬂfcultles in
%‘é% a colorinetric sensor for detecting a particul ar

IERING a wprking state of tenfiltérsamd i exekamding thelfitter e a suitable

tlﬁﬁ’:‘elclf i cal lé bi nding with the particular material in
%€ ugd r%”[?&f"m?époﬁﬁltléﬁul e whose |ight absorbency

I ter t
[0@05’] ﬁgergﬁaere, 8|sciosedr}9erem are means for detecting the presence of

the particular material in the air. Also disclosed herein are a filter for an air
conditioner which can confirm the presence of the particular material in the air,
and a method for confirming the performance of the filter for an air conditioner

about the removal of the particular material and/or the lifetime of the filter.

[0006] The present invention is based on a novel concept that a colorimetric
sensor, which comprises a receptor molecule specifically binding with a
particular material in the air and a polymer molecule whose light absorbency is
altered due to binding of the particular material and the receptor molecule, can
be used as a means for detecting the presence of the particular material in the

air.



of the particular material and the receptor nol ecul e,
said colorinmetric sensor is retained on a filter for
renmoving said particular material; According to
exanpl e enbodi ments, there are provided: [0008] (2)
the colorinetric sensor according to (1), wherein said
receptor nolecule is |inked t® the pol yner nol ecul e

é ortjon of the receptor nolecule not

S 96? i pathalds.iin afirstasprest there feppaidadcul ar nateri al ;

[0009] (3)4¢h ol ori.nmetric sensor according to (1) or

(2), wher 8142 ggﬁ’&mf‘éﬁ?é@ﬁa’f’ﬁéﬁqeﬁewlw papiseNarenaierial in the air,
3 le. i d . | e . .

COmARINTE roRRI6 Hofecke SBETTCABY YRR eatculsrgpaterial in

tr) IRy ' i wh ' -
o a oy epnfE bfecto SRosPIGRE dhRibbRc 1 i fifto binding

ohthe phrdicutartmateriat BAATtha (e BIoRIbIRclib) sait imetri i
wherein said alternation in ?tl ght abs of gg&é@lépn}eﬁréc sensor Is

Friesromefifeufar removingssaidipariculagiiatsmai i on in an

el ectron distribution state in the polyner nol ecul e;

[0012] (69CEPEingiogiaraplei embediswents,dberalangptovide):,
conpl ex consisting of an

Lﬁdﬁ?gnf%%ﬁé@ﬂﬁgﬁ%twsar anearding itga(1d, wheosini said receptor
elacde's FikeEPothe TRUFRHE Fioldede Bioaen at o deceptor molecule
b pertioibdting RebRelR W he PaRRUS mBRERLS) oot cq from o

[0000p consj ke rtg;kmmeﬂld/%Hh@@ﬂ;%ﬁ%@i%‘dggﬁﬁi(zg;f?ﬁﬂgwraerein said

pol ypyrrol e and pol yvi nyl car

atgroziionetn ightsbsederayasirtil polyrRef hblecile [seééh lgs a molecular

pol¥ner mol ecul e is polyvinylcarbazole; [0015] (

strcteral altemationdn denpolynseranotiicas;t o any one of (6) to

éﬁﬁ wherein 4 said ligand is selected froma group

[081Q] st i (Y e wlptmetic sensgemscardingitot(@B); whebih6daid polymer

nﬁé@%ykﬁﬁgﬁﬁﬁﬁéééﬁkké? sensor according to any one of

[0011] (5) the colorimetric sensor according to (1) or (2), wherein said
alternation in light absorbency of the polymer molecule is caused by an
alternation in an electron distribution state in the polymer molecule;

[0012] (6) the colorimetric sensor according to (5), further comprising a
complex consisting of an electron-withdrawing material and a ligand specific for
the receptor molecule, wherein said complex is linked to the receptor molecule
via the ligand;

[0013] (7) the colorimetric sensor according to (5) or (6), wherein said
polymer molecule is selected from a group consisting of polythiophene,
oligothiophene, polypyrrole and polyvinylcarbazole;

| [0014] (8) the colorimetric sensor according to (7), wherein said polymer
¢Mmmmmmmmmmm

[0015]  (9) the colorimetric sensor according to any one of (6) to (8), wherein
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wherein said electron-withdrawing material is selected
froma group consisting of anthraquinone,
t et racyanoqui nodi net hane, trinitrofluorenane and 5
di ni trofl uorenone; [0017] (11) the colorinetric sensor
according to any one of (1) to4(10), wherein said
receptor nolecule is selected froma group consi sting
of sialic acid, ganglioside, antibodies, antibody
fragnents and avidin; [0018] (12) the colorinetric
§@ﬁﬂlﬂar‘5d§ SerGigd fionaaygrenp asinsisiingtad virises, arltiyens and biotin:
er conprising a water-retaining means; [0019]

E‘%ﬁ t he @%oﬁ%?hfﬁn%@ﬁswnwwcmmmg do (&) one of (6) to (9),
ﬁﬁerein ﬁ?i wat er-retaining nmeans i s a porous

PEFIN 3 |€?ﬁﬁﬁ6}n-mtﬁ!ﬁra\ﬁ@gcmatﬁrram setected §tam a group consisting
a€Cordhﬁ% to (13), wherein said porous material is
Yh| eBPEYAAY » gr dBFaeyRRgainedimsthare) i t trirdnoflyosenarse  and

_ @J ﬂt ed 15 products; [0021] (15) the colorinetric
s el

OLIEYi ng to (12), wherein said

- j\ni,ng. ' . ab bent I ;

#8538, " (180" 19 <clfiienia sPosatAseerding dpdang ans eLf) to (10),
WREEHh SaREieteriy BpRavs i eeiGeied farmya evp camsisting of sialc acid,
, | i vat i , St h derivati :

SIS Bioolicd” SniSanifammests Sadmyrave; [ 0023]
[&kﬁ t he ‘Fﬂl 'mairlc ensor according to (16),
PLin 5 dﬂielqou?rggﬁ MG &PNYYT AGERNAING; dp came Py 8in(A) to (11),
Lsti f b t hyl cel | ul :
R e aaP PSR AP MeeSce: 25 (0024 (18) the
| i met r dr t I f (1) _to. ]
PRSI "anrE) ARSI B RSt Shobt e ansodet (1) stheiein said

st gl () 1" o

[0020] (14) the colorimetric sensor according to (13), wherein said porous

~ material is selected from a group consisting of zeolite and porous sintered

products;

[{)021]' _ (15) the colorimetric sensor according to (12), wherein said

water-retaining means is an-absorbent polymer;

- [0022] (16) the colorimetric sensor according to (15), wherein said

absorbent polymer is selected from a group consisting of alginic acid, dexiran,

collagen, cellulose derivatives, starch derivatives, polyvinyl alcohol and sodium

polyacrylate;

- [0023] a7n the colorimetric sensor according to (16), wherein said cellulose

derivative is selected from a group consisting of carboxymethylcellulose,
methylcellulose and ethylcellulose; -
[0024] (18) the colorimetric sensor according to any one of (1) to. (11),

wherein said polymer molecule is modified so as to have a water-absorbing



(19) a filter for an air conditioner equipped with the
colorinmetric sensor as defined in any one of (1) to

(18); [0026] In a third aspect, there is provided:

(20) an air conditioner equipped with the filter as

defined in (19); [0027] According to further exanple
enbodi nents, there are provided: (21) the air

@bildy;t i oner according to (20), wherein said

Z‘?@%@i mstmc senéor i s placed at an upstream and/ or

0 r eatfl 8{SGECRY asRect ithergris previded: pl aced so as to
contact wW(19) &hiiteri forvah Hir : : L
QSﬁEénﬁ Hg{lfg)ee . [ 0028 g f))'&téﬁgﬂigh? c;%g{qj('fl)qeldor\{\gtrh the colorimetric
accor di ng NYoPne {1 @HdBi n said colorinetric
QOR6]r In 3 thichaspddtethede igprdvidde Mei ntained at a

sui tabl e tenperature for binding wth the particul ar

mat eri al wi t hout dependi ng upon a working state of

the air conditioner; [0029] (23) the air conditioner
according to any one of (20) to (22), further

conprising an optical sensor for detecting a color

changﬁ of henci?lr wmdiﬁbmémeqlﬁgp%@wtgzﬁé fﬂt@Ptﬁg]dgﬁ]ﬁea in (19);
007 , .S, provi . nmet ho or

{conf ] rf‘n@‘:;dgeg’q tPfoﬁf“ﬁe%?'%Q% ?W"E’Qp'ré?f?t)sa&'eﬁ@ @re provided:

condi ti oréfl) the airearsiitimnersacuordiing t6qos, WaEFdif saRelbrimetric

f:i ' 0 (18). 003
S8 944 a5, OByt o Slhtcht, St er anc i
Rlpced sa@sdp cantalmtwéth thieoair whicki has ﬂoﬂbé?@ Reat-exchanged:

| SI | talnLn I he, co I netri.c
00081 % 92558, SR Bl GE 6 9T 51 whorin e

"NRiricanser isstantralied smas to beansinfained St8BuitaBlettBmperature

o B S o o A 0 G it st o

- 1Be A ¢arslifianesqui pped with the apparatus as defined

_ h ticul i al
obaep. 657 e =SBl 5 SHLcE O,
CORPTdG @n, oplical tsenseorfer rigtexttimgea dolomehahgé &5f MeOslorimetric

sehgor; ip@oval of the
[0030] In a fourth aspect, there is provided:

(24) a method for confirming a lifetime of a filter for an air conditioner,
comprising using the colorimetric sensor as defined in any one of (1) to (18).

[0031] Disclosed herein is an apparatus for confirming a lifetime of a filter
for an air conditioner, comprising a solution containing the colorimetric sensor as

defined above, a solution bath for retaining the solution, and a means for

bubbling the air before and/or after passing through the filter in the solution.
[0032] Disclosed herein is an air conditioner equipped with the apparatus
as defined above.

[0033] The presence of the particular material in the air can be confirmed by

the color change of the sensor, and the working state of the filter about the
removal of the | |



6 particular material can be nonitored. Mreover, a
suitable tine for exchanging the filter can be known,
and an effective state for using the filter can be

est abl i shed. Furthernore, when the color change of the
colorinmetric sensor has becog; to be not caused any
nore due to binding saturation of the particular

1] v . : , I i tri .
Fovee oyt saceage oA AR glae 634 Breppnanang

-ﬁEﬁﬂRbP‘Eiaﬂ\lb@:kﬂ'dfﬁnPBEEEBREQHE&@@'S%QTI%.[Qgﬁégtrrr%zrﬁlst%% can be

calorinetric sensor of the present i1nvention

establighrdr Furthermdre, sipeni fheablor Ehididjensf Md Rofrimetric sensor
material in the air, and a pol yner

Iﬁ%gti cul ar
RafiEGIBs e | nefheausrmbrarsn eyories dabt fr dihding daturation of the
Iﬁ%{ﬁgi Fﬁg of t.hf. rﬁ%gg_t or nolecule with the particul ar

HEHIE Materiat 1 theopisr theeeolpaimattie senger car ber resisat by treating
W ke receptor nolecule is linked to the
p@ﬁ‘%%edr'%rﬁr’% Ié%af‘ge ?'at a portion of the receptor

nol ecul e not participating in binding with the
particular material. [0035] Exanples of the

DEZAILED| DESCRIPTION OP fTHE PREFERRED EIRBOMRER s "°!
(0034 o5, TheoigsimatrvGBnbdel 6l drbse Aot SIHBHALS

es, lae insetri sQVON tAe! prése 8| '
toxins and biotin etc. [0036] The rg{lggﬁtﬁﬁo&f@@ﬁf‘%ﬁo{eceptor
"hpiechle:seedificallydrindiog wigh aopantisular andteribyin therait. hc8 polymer
I olg% %ﬁ it has a capability of specifically binding
NP eRuEh»hese: lighl absorkgney | isl alterechduai fo. biakng| afstief receptor

the particular material of

I I
OB RLREIA ol i o e of 1 rson
A P LR o oSSR S o
i ' j : of | - .
Y et o e L R e

[0035] parExfmpRis ¢Fihé gﬁﬁﬁi&ugﬁﬁ"trﬁéfﬂgﬁ?%f tﬂfa’prg%ﬁtgwgmon are not

When the pa_lrticular nat eri acterira,” ant
ligited tohdit tinelude, forrdxappla) baBleril Hrubss, bitigdhs, VOCs (volatile

organic compounds), toxins and biotin etc.

[0036] The receptor molecule of the present invention is not particularly
limited so long as it has a capability of specifically binding with the particular
material in the air. Examples of the receptor molecules for the particular
material of the present invention include, for example, sialic acid when the
particular material is influenza virus, ganglioside when the particular material is a
cholera toxin, an intact antibody such as of IgG efc. or an antibody fragment
such as F(ab')2, Fab, etc, binding to a particular antigenic determinant of

bacteria when the particular material is bacteria, and avidin etc. when the
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[0037] In the first aspect of the present invention,

I i ght absorbency of the polynmer nolecule of the

present invention is altered due to a structura

alteration therein by application of a physical force
fromoutside. In this aspect, 5 the receptor nolecule

of the present invention is ingorporated into the

pol ymer nolecule to inpart, in advance, the

structural alteration to the polynmer nolecule to such

an extent that a color change thereof is not caused.
yadiculdremapetial i biotin. nat eri al binds to the receptor

nol ecul e, the physical force is applied to a

BRO3Tbor i Ingheofinstrasprot of the hesehinvBAtIGA ! RsHtUitdorbency of the
alteration in the 10 receptor nolecul e and, thereby,
polmeensolebelec \of othd Iprrepehy mventreds!| gitdred albet®t structural
and a color of the chronobgenic sensor is changed. In
ehesativagberein yapplichtionxappleysicd] fofve fRshomside.  In this aspect,
nol ecul e include, for exanple, polydiacetylene (PDA)

- the reespiapmidesile of shaperesént mveptib e indowpeeitée into the polymer

include, for exanple, a built-up film (LB film in
malesilgde dmpartyin advance, 16e rstrychanal gitemation tatied potymer molecule
| i posonme or a filmetc. fornmed by polynerization of
iheuch apj exienh that ial asron Iebapgeythercoiise ot ecateedie When the
al so used. [0038] In the second aspect of the present
PRGIEHarJratarial indg o the negeptor malecyle] theephysitalcioree is applied
f the present invention is altered due to an
taerrﬁ'&a?f)'?ﬂg dplyrape cinolgcude sdue Hot then sttustieral naltération in the
In this aspect, the 20 el ectron-w t hdraw ng

nol ecul e.
W&@@?@famql%m%r@rw herehy lighiegbsorbantye ofltbeopolyter molecule is

gllrtesent ({Ngve&ti on in advance. The
et and\a; selpR AT henehmmegenic sansoeds tahanged. In this aspect,
receptor nolecule via a suitable Iigand specific for
?Wgae[ﬂ%ce?)’prﬁl eBlil dheat polymer tmegecuia ghelideon fon example,
ol r cul e 1inpked to the receptor nol ecul e
é@g’d%’égﬁ’%%&?[f ﬁ?%i dexamplefe of| & eheps- of therpalymer molecule
igf%{ﬂ%{iag due to an 25 interaction with the )
S ot vﬁ’i%?'gw%é’%ﬂ?r filn (L& filmy dnewbighy menemer units are
i ndi .of th rticular terial inthe air to the
'%@é‘g%'ﬂg?r"?fbtﬁ‘é%ﬂﬁlag'ﬁ"ﬁ?@% or @in%gm ¢tonfaxmaspyapplygnerization of the LB
ﬁm.fer[gosl l v\,p'{ch as been, bopded to the receptor
i g’ld ot the polymer molecule may be also used.

ec
[0038] In the second aspect of the present invention, light absorbency of the
polymer molecule of the present invention is altered due to an alteration in an
electron distribution state in the molecule. in this aspect, the
electron-withdrawing material is bonded to the receptor molecule of the present
invention in advance. The electron-withdrawing material is bonded to the

receptor molecule via a suitable ligand specific for the receptor molecule. At

| this time, an electron in the polymer molecule linked to the receptor molecule

has been drawn to a side of the electron-withdrawing material due to an
interaction with the electron-withdrawing material. Simultaneously with binding

of the particular material in the air to the receptor molecule, the
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is desorbed fromthe receptor nol ecule and the
electron in the polyner nolecule transfers to cause
the alteration in the electron distribution state, and
consequently, |ight absorbency of the polynmer nolecule
is altered. In this 5 aspect, exanples of a suitable
pol ymer nol ecul e include, for gxanple, polythiophene,
ol i got hi ophene, pol ypyrrol e and pol yvi nyl carbazol e
etc. Anong them polyvinylcarbazole is particularly
preferabl e. Exanples. of a shape of the polyner
plscEentvéthdreming materiak xdiigh has ddew bindéel i the rekBptor molecule
film in which nonomer units are regularly '
I§r denedhesd fram| thegeseptor fridlecdlor ard thict Rid@ron in the polymer

ol yneri zation of the LB film and fibers of the.
'8‘81'%%% tragisiersite cause thesallerdtion intthe apadtyoredistibdii State, and
Tg{ be al so used. Exanples of the
cifssauentywight absorenayt of ithe" polymerdmoldane axaaked. In this
a_conpound having an el ectron-w thdraw ng group such
APeLte xR RIEsu T ard switabler pajyrep eioteculéximuiidess &r axample,
I%ﬂi abl e eI%&tron-mﬁthdramﬁng mat eri al include, for

Rhengs oligpHiapfent molypyreleanthpalyvinytianesraestc.  Among

tbrinitrlof.l orenone, dinitrofluorenone etc. Exanples

B 2 y“’l"i“a% agpleist particglariy prefespbler  Exampiles’of a shape of the

i ncl ude t%%%% _deIi ned as the aforenenti oned
F’OE%IP?F JuP tlgelugde; fopexampiset # obwift-up film (LB film) in which

' rﬁﬁ{)gral Ié_' ccurring or. synthesized chem cal materi al

HET WURES <39 JRrguisdly; oriestaters i@ alipgsamender tfimt Hermed with
R i Cafim Ao iaernaf tha pelvmerdnoleCulenatot hek sold of
thhePOViRE. "EroBRaR™T Mavy Gt ebn fleely  cdbeumples of the
BB R ERIR Al de.Biemely. vp sorepasnds having an
et IRyRRGER B0, JEa K WEncer a el UP oA oY AL BIoup et

RBAIEY. P slafls sl wehdgmine. maetakindedpt B example,
a@@@ﬁif@ﬂgf qféﬂ%ﬁ%@(}qﬁ.{ip@%r&%é%&f %n%%trc\;\#f&gretngﬁer %?r?iﬁéﬁ&orenone
etc. Examples of the "ligand specific for a receptor molecule” include those
defined as the aforementioned “particular material", but an optional
naturally-occurﬁng or synthesized chemical material may be used so long as it
specifically binds to the receptor molecule of the present invention.

[0039] A complex of the electron—withdrawihg material and the ligand can be
prepared by covalently binding both of them. Those skilled in the art can freely
select a suitable combination of the ligand and the electron-withdrawing
material depending upon a kind of the receptor molecule and the polymer
molecule to be used, can properly select a reaction for covalently binding both

of them and can perform the reaction. The resulting complex can be bonded

to the receptor molecule, for example, by contacting with the receptor molecule
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[0040] In this aspect, since the color of the
colorinmetric sensor of the present invention is
changed due to a reversible alteration in the electron
di stribution state in the polyner nolecule, the
colorinmetric sensor of the present 5 invention can be
reused by restoring an initialsflectron di stribution
state in the polynmer nol ecul e "even when the col or
change of the colorinetric sensor has becone to be
not caused any nore due to binding saturation of the
Aard selutiei,. material. For exanple, the colorinetric
sensor can be restored by inmmersing in a solution

qo04e] ni ngn tthgs %Esbtﬁxsiﬁf:etﬂ‘% BbRF L S0 eV dosHirA¥iddsensor of the

material and 10 t igand to substitute the

raesent irventiohels @hahged egué Qot BerdvReaBIOLItBRIRHVIE the electron
with the conplex. [0041] The colorinetric sensor o

tdigtriputise statein ¢iné polyni@ymeedul®AHEDidiimelR! 4o of the present
shapes. For exanple, when it is produced as a -

linyerdiomecary pe rmledrtbyméstbﬁn%airs'ﬂﬁﬁaifélééﬁon AisthButidd Btate in the
of the nonomer nol ecule may be prepared 15 in a

Palyrast ealegalri evesoivhent theTbeior chaRge Wfothien@slbiimetric sensor has
sensor of the present invention may be produced by

becomentp brenotesausiednany indriel duanel bindingdeiterativhest the particular
amount of the receptor nolecule in a suitable buffer

stesshi dzor expriple, the celdriraetric gasprerdrzbagettored by immersing
mononmer nol ecule by W irradiation. \Wen the

|20 EPlion| eontaipingpthe soprplelx of dhaselactoh-withdeawing material and
colorinetric sensor, it may be produced by 20

the ligred te rybstitite theé ipaiaflat ratenaldradetbiethd sceptor molecule
which is formed wwth a LB film built-up nethod
H‘ﬂ@bﬁ‘@i%ﬂl@'@xconventi onal procedures, to a suitable

holder, immersing it in a solution containing a

Ut or nihe golgripiatiic sensarof theeptesent indeativhanapte produced in
thereafter, polynerizing the nmononer nol ecule by W

VARQUS athanes. Thes eexamplesdwhent ite imrprodanedaasi s liposome-type
Er duce the colorinmetric sensor of the present 25

f ¢lgR sepser. dirsly and-B fimafdbiemaonémer malepile, may be prepared
descri l?e in JP-A 194130/ 1999 or Song et al.,

B SrSHitRRE Maaniciseivest. Tben, 4he Nolgimplri sengaeo of the present
2002.. Moreoyer, when it is produced as a fibrous

nyepliepapay equpdysed by stiging the resulting LB film and a predetermined

amount of the receptor molecule in a suitable buffer and sonicating it, thereafter,
polymerizing the monomer molecule by UV irradiation. When the colorimetric
sensor is produced as a film-like colorimetric sensor, it may be produced by
transferring the LB film of the monomer molecule, which is formed with a LB film
built-up method according to conventional procedures, to a suitable holder,
immersing it in a solution containing a predetermined amount of the receptor
molecule and, thereafter, polymerizing the monomer molecule by UV irradiation.
Those skilled in the art can easily produce the colorimetric sensor of the present

invention according to a procedure, for example, as described in JP-A

194130/1999 or Song et al., Biomedical Microdevibes, Vol. 4, No.3, pp.211-219,
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be produced by dissol ving a nononmer of the polyner

nol ecul e and a predeterm ned, anount of the receptor
nol ecule in a suitable solution, injecting the
solution through a nozzle and irradiating UV thereto.
Alternatively, the 5 pol yner gﬁlecule of the present

i nvention may be prepared by synthesis such as

radi cal polynerization or cationic polynerization etc.
of the nmononer nolecule. [0042] In the present

2002e ntViorsovet, wakn ki ROpreduce@ 851 dRbfdus é&ﬁﬁrﬂ%&id‘ 8&nsor, it may

detecting different particular materials may be

ber qpadacedi by UBSPRANG V& ARARIAEY oflthdDb&GMbESmolecule and a
specific for various particular material's,” and they

pregeteemirest] agiount toiitke Ueblptdr mblichleVaY a sUthlBrﬁﬂQgi'&% injecting
y

of various particular materials may be individual
thaen cscdistiani ttaroigis lay nogaibi aREdirraaiatind @\PerERtGRNARCAatively, the
the filter about the renoval of an individual
pphmoécuolecuiaio the brewant evearaitii mapde Hiepaksd BY adytabsis such
kinds of colorinetric sensors for detecting the
agaradical golymedeation a5 dab0a8] pdlgmbiikatesn usted dfnthdemonomer
present invention is not particularly limted so 1ong
mgde¢ulecan col l ect the particular material in the air.
Exanpl es of a material constituting the filter
[00&31ude, It dine epraspht inventimrenplucal kindsouk eoforipiéteicraeesors for
of fibers such as acrylic fibers, cellulose fibers,
dgtestisgrdifierent pesicdanmateridls meag be prepsreichyitle nespective receptor
fi bers, pol yproPyI ene fibers etc. ceramcs, and
meleaies, sepgifier farovalious particelss edatariafs, pandubheyymay be used
foam ng etc. Exanples of a preferable filter of the
sigdiangousiy erdnitbis way) thie présencexahpbrous paitiduar wisterals may
is made of cellulose fibers carrying sialic acid and
be dpdivighially canch sinidianeau sy sonfismed sand el perfodance of the filter
527166/ 2001. Alternatively, the colorinmetric sensor of .
abpt e semovahwinan dndividsiakepprtioular fmateoiab nenape cepfirmed, by
be used as a material for processing into the 25
U‘F'Pgtnjwa' Kisisngf oplerimetrie sesorsifer detesting the particubar material.
O&Msed di rectl%_attachi ng 11 to an air
[ it filteq wepdhdn ithe IpFesemcinvention isnpt particidaripdimited so

.aconstit uenﬁ of . o
long as it can collect the particular material in the air. Examples of a material

~constituting the filter include, for example, a woven.or nonwoven fabric made of

fibers such as acrylic fibers, cellulose ﬂberé, glass fibers, polystyrene fibers,
polyethylene fibers, polypropylene fibers etc. ceramics, and organic polymer
films processed into porous by foaming etc. Examples of a preferable filter of
the present invention include, for example, a filter which is made of cellulose
fibers carrying sialic acid and can capture influenza virus, as described in JP-A
527166/2001. Alternatively, the colorimetric sensor of the present invention
formed in a fibrous shape may be used as a material for processing into the
filter.

[0044] The filter of the present invention may be used by directly attaching
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one nenber of a filter unit for an air conditioner.
Such the filter unit which is produced with the
filter as a constituent of one nenber is also within a
scope of the present invention. 5 [0045] Exanples of
a shape of the filter of the piesent invention include
a honeyconb structure, and a shape forned by
processing into a reticular shape, a cloth-1ike
shape, or a pellet-like shape and sealing this (for
texampiresorplitenery  Altdraatively, thedfiltavhine} ties uge@ s ddnstituent of
filter as it is) etc. [0046] In one aspect of the
gieemembernefeatfiltan, urtihforcan airi ctdiichesenseehahetiiter vk which is
present invention may be used with retaining on the
Aredueed withdhpl fidter efs @ constitiedt bbons aferhbémig 4156 within a scope of
colorimetric sensor on the filter include, for
the prpsant invergioysi cal adsorption onto a filter fiber, a
chem cal _nodification and a use of a binder etc.
[804%)er atixamples ebhoshans of thes éilieoof tife phesat ésestion include a
invention is retained on a porous material, and the
hepeyeRMReteiGtyre, iand ashiepe forned bydrosessing il 4 réticetar shape,
.[0047] 1In a preferable aspect, the filter of the
arrietelite shaea: PoR ReIikesshape and sealingithisnomezample, placing
f.or retaining and supplying -a noisture necessary. for
s iR piRac it Is Bped g filler asitis)etand the particul ar

rial in the air. Exanples of the water-retaining
izt

s i AR IAgeaskest iammresent ipvention, the edledmeicasansor of the
an G%zs.orbent pol ymer etc. Mbreover, a polyner ta which
PEESEI (IBY SiAY RRY PaBIsad Withs retajsing e ye rilierf yEngmples of a
wi,t h ? sui.tabl e group may be also used. The porous
mrihed i reteinga g selosimaria senset oprihe filter drgiude, for example, a
H{%}Dbi Li,ze .the col orfj nmetric sensor. of the present
PIYRIERL pAFPBLiOPRNIE; A filier fiker, a1chemical medifigation,andeense of a
i ch_serves as diumfor a binding reaction of the
b?@@@ﬁ?%r 5 eﬁ%ﬂaé’ilﬁj r@eaﬁg‘]qf Weethgr sensAraef (e epiasent dgvention is
rbing a noisture int air. Moreover, the porous
re?r%f‘%ﬁ’i Azﬂ grPé%?c’Hﬁ\%au'&Hakef%fﬁgﬁedw@e& seaterigl wfgrther retained on the
filgeqj | ecting the 12 particular materials present in the
iI't depending upon its pore dianeter.

[0047] In a preferable aspect, the filter of the present invention comprises a
water-retaining means for retaining and supplying -a moisture necessary. for
binding of the colorimetric sensor and the particular material in the air. -
Examples of the water-retaining means include, for example, a porous material
and an absorbent polymer etc, Moreover, a polymer to which a
water-absorbing ability is imparted by modifying with a suitable group may be
also used. The porous material is preferable, since not only it can immobilize
the colorimetric sensor of the present invention on the filter, but also it can
supply water which serves as a medium for a binding reaction of the receptor

molecule and the particular material, by adsorbing a moisture in the air.

- Moreover, the porous material may have an effect of selecting and collecting the
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Exanpl es of the porous material include, for exanple,
zeolite, clay, porous silica and diatomaceous earth

etc. Exanple of the absorbent polyner include, for

exanpl e, alginic acid, dextran, collagen, cellul ose
derivatives, starch derivativq%, 5 pol yvi nyl al coho

and sodi um pol yacrylate etc. [0048] |In another aspect

of the present invention, the colorinetric sensor of

the present invention may be used w thout retaining on
Padictiart exatersplec pfésmmit] in théorirexieppha@ingt kPon its pore diameter.
colorinmetric sensor of the present invention may %e

bxapies of theqarouemateriat ictudes Sor exdApkY, eBRE, BRy, porous silica
contacted with the colorinetric sensor in 10 a

ayl diatomassousi eantly ethe Eabopilaesfrthe aisstspent polyhitsh include, for
the particular material in the air with the

@EiInplenalginie acidsdextian, moliaengceihdoss detivatiush stdieh derivatives,
solution, and the presence of the particular materi al

. Relyvipy! @lsehelandisegiuthpolyacndateheinge of the sol ution.

@8249] A solvent to be used for the solution

Bhi ni kyapelkes @sperhet thecpresent imentions theotolorimetric sensor of
Barti cularly limted so long as it can dissolve the

g RIESRRL inventirmay ber user withestt metainingran tve filer. | tSpecifically,

fserves sntg g&(ii umfor the binding reaction of the

PR EXBMBIC, HBPLAIPEMETria fense of theeprasent imemtionamdy lhe used in a
%{rti cular . material. Exanples of the solvent include

han. -~ dRdhis crRye. 4de ebumaydre eantacted withsthet drlnoinetric sensor in

i§ ﬁ&@ﬁ)ano{ ) .hédhocar bon etc. Moreover, other
9 ‘8 ' SR ERING dhe cokitmalic senees teibind the paictiasmaterial in the
a&hﬁ.ﬁiﬁeptpr. nol ecul e and the particular material may

W)t Solaripetic sansor iy hubhiingsthe @ik thrpligh the seligion, and the

g%g i n ﬁf” ent. i nclude a buffering agent for
PLATRRSY oo BaRiGH G ibaterial gAn hremREmEchBy the calor change of the
sﬁﬂ}té)%bl e pH for the binding reaction (for exanple,

r1's, EDTA, phosphates etc.) etc. 25 [0050] A neans

bubbl,i ng the. ai,r through the solution is for
.[é:(g%?]act i lr}gS(%H%me&%IQﬁ iYped for haselution castabrisgetine colorimetric
j 1 ith th ir..in the solution, and it is 13
slgﬁ%@ﬁ% &%é‘é‘é#cg]aﬁx%pltég R Tong @, I(j]t £88 e(,jisgé)lwg;%ee colorimetric

f ' d ..
s&hfor o?rthéegr(gs%ﬂt allrrf\.fentlon and it serves as a medium for the binding

- ‘reaction of.the receptor molecule of the colorimetric sensor. and the particular.

material. Examples of the solvent include water, and a non-aqueous solvent
such as ethanol, isopropanol, hydrocarbon etc. Moreover, other ingredient
confributing to the binding reaction of the receptor molecule and the particutar
material may be further added into the solution. Examples of such the
ingredient include a buffering agent for adjusting the solution to and maintaining
at a suitable pH for the binding reaction (for example, Tris, EDTA, phosphates
etc.) etc.

[0050] A means for bubbiing the air through the solution is for coﬁtacting the

colorimetric sensor of the present invention with the air in the solution, and it is
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rel easing to the solution the air which has been
collected by a gas-collecting vessel etc. The
bubbl i ng pronotes the binding reaction of the receptor
nol ecul e of the colorinmetric sensor and the particul ar
material by a contact of 5 thgnscolorinetric sensor in
the solution and the air with a stirring effect of the
sol ution generation of the bubble. [0051] In another
aspect of the present invention, there is provided an
appdruated athhcpurpnma i gEsfeediog Uuben £ ekaleNblY fdiefeeding and
colorinmetric sensor of the present invention, a
Eraing tohersdlationitiae iaig wiieh $risubéemn cohesed by angas-collecting
the 10 aforenentioned neans for bubbling. Using this
¥aisel Rtgs, The Rubblingo presetes ahet bifdingr eeeisedobYhe receptor
the filter of the present invention is bubbled through
TRIeCUR Of the wolastelrie: sensdrea i tus partioular matstl By a contact of
bhﬁgﬁresent‘ invention to contact the colorinetric
e EPrinedie genger in thre sphizenaadahet die witlr &i stirtiag effect of the
Sg@teri al can be confirnmed by the color change of the
i aeperationdidlae bukblehe sol ution and, 15 for

le, it can be confirmed that the lifetinme of the
[ﬁﬁg?ﬁr i & (ﬂﬂﬂy'l‘@'t agraffent thecptasent lisvardion, théws liy provided an
changed. -%052 The colorinetric. sensor of the
ﬁ?P@é&‘r’? WVRIGR RamRrisasg Sablatiars santainingtae ioofprimetsic sensor of the
u%st rteam a?d/ or downstream side of the filter whether
PIREENGCBNVGRERR: & soldingobathy far gdasinghther salutiboutherein, and the

aﬁﬁtain%ggﬁﬁg t he gilter.,ZO [0053] In the case where
gt Teaps Jeh Swbbliagp| Asing thistappanatssy thenair processed
[ of the filter, that is, it is placed so as to
of é%fbaec prefssied iy rﬁlt?éfqr@epﬁfﬁieﬁg ?n\delﬁlﬁcu g% bubbled through the
' r e.col.or change of the colorinmetric sensor
Splé’*‘"l{og'c?%'l'tglr?'"%&% r‘ﬁﬁ’lli]%ﬂﬂq@félcaﬁﬁmf of thehpresant iiovention to contact
[ resent in.the air_before passing through
tﬁésﬁ'ﬁ%tﬁ?%&?%% @4l 1 Thereseaee ehtimyparticutenenaterial can
j ric.,.sensor 25 refl ecting an acceptabl e anount
b Y 4 17 G afing i of G cRibrmetcisrsensor in the solution and,
1ned [ nadvance, - for exanpl e, by an experinent,
fdt}ﬁ%%rﬁ#%t ﬁr‘r'lé‘?‘o‘?e £halired iat the Nafineotbariltenisicampiéted when
atcihorl'@. thgfeecgf% ?Jllyoéhatn%%dcm orinmetric sensor is fully
change : ) :

-[0052]  .The colorimetric. sensor of the present invention -may. be - used. by

placing it at an upstream and/or dowhstream side of the filter whether the

colorimetric sensor is used with or without retaining on the filter.

[0053] In the case where the colorimetric sensor is placed at the upstream
side of the filter, that is, it is placed so as to contact with thé air befére passing
through the filter, the color change of the colorimetric sensor reflects an
accumulative amount of the particular material present in the air before passing
through the filter. For example, if the color change of the colorimetric sensor

reflecting an acceptable amount of the particular material on the filter is

‘determined in advance, for example, by an experiment, the lifetime of the fiiter
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to a determ ned col or change. Mreover, to what an

extent an environnent has been polluted by the

particular material can be al so confirnmed by

noni toring the col or change of the colorinetric sensor

with time. For exanple, 5 in the case where the color

of the colorinetric sensor is suddenly changed, it is

expected that the environnent is highly polluted by

the particular material. [0054] In the case where the

&) loe icpptimmied sétiso fimesthel anledofathet dutoritletRss@INIS iUl changed

of the filter, that is, it is placed so as to contact

@i 2 ateraniaed calbr @hapgesi Mprebvenigb what bhl &aent BReenvironment

col or change of the colorinmetric sensor 10 reflects an

has hraratpalietedrobyt thef partcydar tiatdrial Bahebealalso confirmed by

remaining in the air after passing through the

menieing heeeeloschange of e colosimethiamsgasof withetime. For example,

.colorinetric sensor is nonitored wwth tinme, whether

ipfie gase srhrircihestolemef thiel calerimabrimisensur isesunidehlyothanged, it is

the particular material is maintained can be

%ﬁFF t thergavirprmenhisthighly eadiutecb by tihvd padtiubar méterial.

éa colorimetric sensor is suddenly 15 changed, it is

[ S‘élct ed fhathe HasseMharaaihe eslotimetric | sensanbautplated at the
an amount of an adsor bed

femoyal is.,lo ed, or
JB&FF. f@éﬂhﬁ*%?ﬁﬁﬁ%m!tﬁé thal iadt inplagedepe &l to aomtant with the air

aﬁf' the filter. [0055] Moreover, in the case where the
81 SASTAG iterougts fie Tlipe fheageler aghangs 19f othet helorimetric sensor

stream and dPV\nstream sides of the filter, to what
rolies EbneCeBLINe AikpyRL phheRediaar materil mmainag in the air
by the fi b fi d. ,
B Y iRl ol e Dhemiares | It 40 asolar. ehngs of the
HEF LR e ont i Pt Biriges Wheine e msriarmees of the fiter
S TS S MR A ]
t f f the filt 25 . about
TPRE bt ‘PSBheie dhRctalr ardhe: eolorenidoi sonsss is suddenly
cfilast T ERe Bl B¢ SariPinoce & the fitar vaiditee removal is

i val.s.LsS asj nq. en there is no difference,
'Id|v¥rgr|8§ gh oz\al\glr\ flﬁ'g)[%? ot B a\a@sorr]bed particular material is beyond an

acceptable amount of the fiter. . AR Lt

[0055] Moreover, in the case where the colorimetric sensors are placed at
both of the upstream and downstream sides of the filter, to what an extent the
particular material in the air has been removed by the filter can be confirmed.
Moreover, a change in the performance of the filter about the removal with time
can be monitored by monitoring a difference in the color change of the
colorimetric sensors between at the upstream and downstream sides with time
at particular intervals. That is, it is shown that the performance of the filter

about the removal is decreasing as the difference in the color change of the

~ colorimetric sensors between at the upstream and downstream sides at
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the performance of the filter about the renoval is

lost and the lifetinme of the filter 1is conpleted.

[ 0056] The col or change of the colorinmetric sensor can
be confirnmed by 5 directly observing the colorinmetric
sensor visually. Al ternativel 5 a di splay w ndow etc.
for conveniently observing the color change of the
colorimetric sensor may be provided, and one can

- visually observe the color change of the colorinetric

Reshiedar trervalsis decdiasiiy WheAaWerd RO8J LifdieAEOLDR! shown that
aspect of the present invention, the color change of
thaperfoomente dfiiee fiter sboadthedferid\aal p§ REEBhditAY ﬁfgﬂnﬁ’%‘ of the filter
.can be confirmed by another detecting neans. Exanples
Iprogypdgtedhe det-ecting nmeans include, for exanple, an
optical sensor. It is possible that a mnute col or '

[0838lge ofhe rwlevkbangetofi the solspietiBi $dhsoR ediPbePeonfirmed by

visually confirnmed is easily detected by detecting the

d(‘!@lcﬁy ehrenyiadofthe heolodhmmtiicesersors geagily, W Aheffifively, a display
Qpti-cal sensor and converting it 15 into an electric

- aneew) etcrdpr i*:@nnmfenigntlsvuohsenvria@Itiaetcrdhmr@ir,gﬁ%J3 dFedhad €olorimetric
e

rocessed into various information about t presence

- P )
SgRseMh@ayHe peevidednandrdre cam visuzlly Wwhiskhrgtrss abier ehange of the

%&E’? filter etc. and they may be displayed. [0058]
CRISFIRIEE senper Hirevghtthe disphay winddveo provi des an air

q:qo%qi tigner equipped with the colorinmetric sensor of
[ pr ed@NqthceAsPeet obthe peebant imeenticly) thetaloredhange of the
the filter. The term™"air conditioner" inclusively
colorimelric Sensoraphdhat peesant insentian ntary e ramfirmed by another
deéwi.ronmant, for exanple, tenperature, humdity,

SN neansr esxamplast obsierethieadetesting mearer inchndd, for example,
aharg.fula materials etc., at an optinmal condition for

U PPOCHARTRIA i Acisurpsrible thatrarmirurte zoforocharigs of tHeecolorimetric
S%rxom N additi? to conmon air conditioners, it

PR UHRICh 73N pot Pei Wpdalihaonirmarkia easifyodstested byod&etting the

of the present invention nmay

T olorinetric sensor ]
. c%gF 8@?@9? gfg?ee&ommetnc sensor with the optical sensor and converting it

into an electric signal. Furthermore, such the electric signal may be processed

‘into various information about the presence of the particular material or the

- working state of the filter etc. and they may be displayed.

[0058] Moreover, the present invention aiso provides an air conditioner
equipped with the colorimetric sensor of the present invention retained or not
retained on the filter The term "air conditioner" inclusively refers to an -
apparatus for maintaining a room environment, for example, temperature,
humidity, airflow, a presence of bac_teria, dué.ts, odors and harmful materials etc.,

at an optimal condition for an organism {(including a human) or a product in the

_room. In addition to common air conditioners, it includes air purifiers and

ventilators etc.

. [0059] The colorimetric sensor of the present invention may be deteriorated



at a higher tenperature due to degeneration etc., and

an adequate reaction with the particular material may

not be caused in the colorinetric sensor at a | ower

tenperature in sone cases. Preferably, the air

condi tioner of the present inyention is designed such

that the colorinetric sensor is contacted with the air

5 whi ch has not been heat-exchanged. More preferably,

the air conditioner of the present invention is

aieg |t'mf_a|‘ temnpleraties dub do delgenierdidr 6tcS P4 b8equate reaction with

mai ntained at a suitable tenperature for binding wth

theeppriculer uhaterimhtrery abt be widused! indRpetibriietidbror at a lower

wor ki ng state thereof. For exanple, the air

lesrrrralurein sbrcheapessefrefarubly; ithe 4if doheitiofed of tHe present

an isolation nechani smfor 10 nmaintaining the

Ipyeoliemis fesigned sochdhatthewelorinastrie rsaheseistobntacted with the air

utilizing a chill of a heat exchanger during an air

whishi hias dat ey, heatdexararged. t iMgreobfefaiatly, anef sipMonditioner of

he heat exchanger during an air heating-driving.

t["@oﬁfsq‘ﬂe Inyerdont i$ndesigned \budh biaf uheheolorimetric sensor is

ilJustrated in nore detail by way of Exanples, but

PaRiPedeak ai @bl demperatare Ifombirding heitrettioe pticular material,
l\/PLIcElfa [0061] Exanple 1 . Liposone-type calorinetric

W r GEBPNAIBZe PPAg 3 Warking: staler Wberichl | Forciesamde, the air

| chemically nodified to form S-glycosi de according to a
- spiahes st
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lRe geazant aventiprosmerostdeal with Bindsekdtioalmechanism for
M.cgodevi es Vol .4, No.3, pp.211-219, 2002. An
nAINRIng Hecleymekic senporatod lewar temperatiredsy utilizing a chill of
ﬁpf’eggre% wWhi %Jw can link to PDA via an S-gl ycoside :
RrRaGEChanger Suringian ali eralingrdiiing) agd fier $huttimg affoainfiow from
5 le % was, mi xed with a PDA matrix in a 0.1 N
t'%éea?gﬁmf%&r g Bhaf beatinggiriving. The resul ting
[éﬁéﬁﬁnsi n_was %gmi cated for 25 20 mi nutes, and
| at et 'QPTEPIR Jrvesdionavill e furthergliustrated és moreedetail by way
olution was transferred to a

Lting . |i
of g}%\gl%p}lé‘gl byftahe PREsaGl I tiondgot fimtted thereto.

EXAMPLE

[0061} . ... Example 1

Liposome-type colorimetric sensor for detecting influenza virus

Sialic acid was chemically modified to form S-glycoside according to a
procedure described in Song et al., Biomedical Microdevices Vol.4, No.3,
pp.211-219, 2002. An S-linked diacetylene ligand of sialic acid was prepared
which can-link to PDA via an S-glycoside linkage. The SHinked diacetyfehe
ligand in an amount of 5 mole % was mixed with a PDA matrix in a O.1N NaCt
aqueous solution (0.15 mg/mL). The resulting suspension was sonicated for
20 minutes, and incubated at 4 degrees Celsius for 90 minutes. The restilting

liposome solution ‘was ftransferred to a 96-well plate (100 pLiwell) and
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pol ynerized with UV irradiation at 254 nmto obtain a
PDA | i posone into which sialic acid was incorporated.
[0062] Exanple 2 Preparation of filter with
colorinetric sensor for influenza virus 5 The
| i posonme-type colorinetric serljor obtained in
af orenenti oned Exanple 1 was dissolved in a 0.1 nM
NaCl aqueous solution and the solution was stirred.
Then, zeolite (nol ecular sieve 13x (Product Nunber
RO9BEriesy, wikahi\s irrdietiva alt 264 nm| taCobtals pmp&@&nwnm which
the solution to adsorb the colorinmetric sensor onto
glalt acid was uldrpboatedf i ber to which a sialic acid
resi due was |inked 10 via isocyanate was prepared, and
[9062] t er Ewlrgtle @an capture influenza virus was
repared with the fiber, according to a nethod
@paratisuof terPwith BRITBGAPIBGEnsoBRRARALG G vitus
suspensi on was prepared by suspending in water zeolite
e Kipesemedyper catetimetric sansor abmnée dn tdFereRsitondd Example 1
descri bed above, and a binder (Snowtex 0-40, Ni ssan
v Hissglvedhiaua - 1 s\ NIOi pqueohssbiudionaamithe §aM04dn Was stired.
he 15 suspensi on was added thereto and the m xture
tlb"‘é'astzﬁpvt@d.(mfl’i@ﬁt,ﬂaf heiaves I r@roflutt eMumberegsobtred), Kanto
bove was imersed in the suspension, and zeolite was
ICBE & andne.) xias dmmaersediint the wolutiogettt bdsets s RElorimetric
and, thereafter,. the filter was : renoved. [0063]
SERIRNL PRtO3ZeRlitBet deeelbfoss fiber tarahich aisialic acidvesidue was linked
colaorinetric sensor of the present invention The
i3 [SPgYaele Wae Prapered madeafiler which cars eapture dbflusrradvirus was
in Exar{gje 2 i% | aced _on an air conditioner. The air
PRl it the Sibgr,; accerdipgdact smthed destabad tih &) PaArS27 166/2001.
%%gitati Fi ng i nfluenza virus to the filter. A color of
(6o A THARGNSIAR NS Prepared kg duspentling inl watertzeoiite with the

l.ue to red,, and thereby, the presence of 25
clr:’[ﬂ?ﬁ%uegﬂ‘iaSW?Qfs qq?‘)fq??éjt dheregatp rs \desesibed aboter mad. a binder
e 4 )
(él%)\gt@x gx-fdrrﬁlssan ]éghemlcal Industries, LTD.) in half an amount (v/v) of the

‘suspension was added thereto and the mixture was stirred. Then, the resulting

filter as described above was immersed in the suspension, and zeolife was

- adsorbed and fixed on the filter with géntly stirring and, thereatter, the filter was -

. removed.

[0063] Example 3

Detection of influenza virus with colorimetric sensor of the présent invention

The filter equipped with' the cqiorimetric sensor obtained in Example 2 is placed
on an air conditioner. The air conditioner is driven to successively feed the air
containing influenza virus to the filter. A color of the colorimetric sensor
retained on the filter turns from blue to red, and thereby, the presence of
influenza virus in the air can be visually confirmed.

[0064] Example 4
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15

Filmtype colorinmetric sensor for detecting Japanese
cedar pollen (1) Synthesis of polyner nolecule (a)
Synt hesi s by radical polynerization A benzene sol ution
contai ning an N-vinyl carbazol e nononmer (3.7X10-' no

5 dm3) and an initiator 1
(2,2‘-azobis(isobutyronitriIe)@AIBN), 3. 7X10-3 nol dm
3) was freeze-degassed, and then stirred at 70
degrees Celsius for 48 hours. Thereafter, the
Fiadypecotwimelrivsemsr poudedcling JapaiBidasdhr S@lant | on

to obtain a vyellow precipitate. A reprecipitation of

t1n Synteiss of polyctenawlguend or med three times with

t et rahydr of ur an/ n- hexane to obtain a desired pol yner.

10 [ 0068]Syrthess ytreslical pylyerdrigtion pol yneri zation A

di chl or onet hane sol ution containing an

N-ReniBansaspiutione containiey 66 AXlifyRarEold! ThéhoBE (87 x10" mo

i ni;tiator (boron trifluoride ethyl etherate)( BF3

‘Et‘fb)qncb.aufxlfmtfatornﬂ,Z'm@is(mLﬁymnﬁre«y@qam,e@JW mol dm™)

then stirred at 0 degree Celsius for 8 hours.

W fagzecfegasaed; cand itben sstiretd @b AR seppss£EdISLS f8r 48 hours.
t hapol solution to 15 obtain a yellow precipitate. A

patepithareantios salltion masepqurediinto avasethass! SRS to obtain a

tgree times W th benzene/ methanol to obtain a desired

Y5oPynRieciPiiabec o repyedipitationt obtheoérudel prioduet wiae sefisied three

An ant j body agai nst Japanese cedar pollens is m xed

tigreswith éefaﬁby‘g’@aﬁﬁnémbaxam ty obtainal desired, paipsiet. he

@Qﬁéure 83 di ssol ved in an organic solvent such as 20

[ ne, (R YIRS by wetianiarpblyesizationm etc. to form a

fi{gﬂaccordin to a rotational application nmethod or a
Adichigignathaeg solties: eeripining anapariegearbzzte nuidnest (5.0x102
n_gogtdjﬁgg ia bonded Wi th dinitrobenzoic acid in a
Ui bANH &1y IpHiater (hasap trefuoridecetyhpthexatey( BEae HisD), 9.0x10
v&'t(g —ere:'}ultinafilmto obtain a desired '
Ml I YRS dresassdeoasied and dphen ctisrack @40 piegren CeSius for 8
hﬁéﬁws[hl A.colorinmetric sensor for detecting a
i cUrereafigs dhe seastion srlutipn was poured into a methanol solution to

obtain a yellow precipitate. A reprecipitation of the crude product was

performed three times with benzene/methanol to obtain a desired polymer.

. [00686] (2) Production of colorimetric sensor

20

An antibody against Japanese cedar pollens is mixed with the aforementioned
polymer molecule, and the mixture is dissolved in an organic solvent such as
benzene, tetrahydrofuran and chioroform etc. to form a film according to a
rotational application method or a casting method. ‘Separately,‘ a Jépanese
cedar pollen antigen is bonded with dinitrobenzoic acid in a solution to form a
complex. The complex is reacted with the resulting film to obtain a desired

colorimetric sensor for the Japanese cedar pollen.



conprising a receptor nolecul e specifically binding
wWth the particular material in the air, and a

pol ymer nol ecul e whose |ight absorbency is altered due
to binding of the particular material and the
receptor nolecule, said colorinetric sensor is
retained on a filter for renmowdgig said particul ar
material. 2. The colorinmetric sensor according to
claim1, wherein said receptor nolecule is linked to

Mymr nol ecul e at a portion of the receptor

e not participating in binding with the
particular material. 3. The colorinmetric sensor
according to claim1 or 2, wherein said alternation

hn 1 ’ f ] I le i d
1) o oo SASTRHEE Yeriar, B BRIckRa: Poparisumompedeiein the air
ORI  feock s Rl AUTFbEAoaRP BhREw e BartiButar materalin

thel gidianced poBmeer rholebdfe %b_@éiﬁﬁﬁf 5b§orﬁgﬂég fsl %fq‘}gg giurégto binding

toclaiml or 2, wherein said “alternati o

ehbier prrticylasfmatedapahy tee rﬁ@éﬁ@@'rﬁolbéul@?@é@dc&éfriﬁtréﬁréc sensor is

alternation in an electron distribution state 1n

FRIDRE o filker fos removingesaid Ipariicdar inaterénsor  accor di ng
oclagmb5, further conprising a conplex consisting
f an E'e&AYHPGINCchapRsAmaceending 40 clain a,| wherein said receptor

| t recept or | ecul e, wherein said

@Q%'p%:u‘eéxf‘sl an e’ldnthﬁetp&?Wﬁ@r FE{,I%W'Sratr?oP@@Qné)f the secemdor molecule
Wﬁb : ' i ¢c._sensor according to claim

d5d tor 6)p§\}%§£ﬁ%ﬁ§g}%rddv gﬂ@%ﬁ?ﬁ'%r&?af%’ql-s sel ect ed

F.rom apy i St f i Qphene . .

o B SooP o BRrtid 3B ERR1 dapbazonherein said

ol i got hi ophene, polypyrrole and
iterfatiore vl gt mbsbiserRG Tk ' LML
tgH ey the %F’)gﬁﬁgl‘ Ad1dcué iﬁaécééﬂrsggzl%}f a molecular

wherei n said pol yner "“nol ecu I'S polyviny
stictgal aternatiboin thes polynegaelecaieor ding to any one of

claing_6 to 8, wherein said ligand is selected froma
4gr oup ThEnsplorimeriof sansarsascording gendaian®, bivBieh said polymer
molecule is polydiacetylene.
5. The colorimetric sensor according fo claim 1 or 2, wherein said
alternation in light absorbency of the polymer molecule is caused by an
alternation in an electron distribution state in the polymer mo.lecule.
6. The colorimetric sensor according to claim 5, further comprising a
complex consisting of an electron-withdrawing material and a tigand specific for
the receptor molecule, wherein said complex is finked to the receptor molecule
via the ligand.
7. The colorimetric sensor according to claim 5 or 6, wherein said polymer
molecule is selected from a group consisting of polythiophene, oligothiophene,
polypyrrole and polyvinylcarbazole.
8. The colorimetric sensor according to claim 7, wherein said polymer

molecule is polyvinylcarbazole.
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10. The colorinetric sensor according to any one of
clains 6 to 9, wherein said electron-w thdraw ng
material is selected froma group consisting of 5
ant hr aqui none, tetracyanoqui nodi net hane,
trinitrofluorenone and dinitrofluorenone. 11. The
colorimetric sensor according4% any one of clainms 1
to 10, wherein said receptor nolecule is selected
froma group consisting of sialic acid, ganglioside

gnt | bOﬂhé-°ooEé”r%é@&dyeﬂgo?g%&%éépgqgn%%aég 5 S ”&‘lsr% tq% wherein

colorinmetric sensor accor

éaﬂd 1|$an8 T %B%’ctec?ﬁﬂm 4 g;'ﬁgtgp %gﬁ%igfr 3" gtv?gg%s,n nﬁgggs and biotin.

he colorinetric S

Mer ei Thé%bﬂ)ruﬁ‘@t‘i'i%r ot JUd ?)?%Hggﬂs%’}y grg%gf &Féwgstt‘bto 9, wherein

mat eri al . The col or1 met

sdidi Qﬁebﬁron\l\hﬁﬁcﬁ*a%n%%gté}?é otésn ge]réocftg? @r hag g{auaop%nﬁstlng of

sel ected froma group consis
aithtRjuastonr oduqé@ac ]m\o tric S

accoﬁjl ng to : clai ec?i@: ‘ri:ﬁés 'd r{"ggoﬁlé?fgﬂﬂﬂﬁg and
dimitrofluberisheabsor bent poI ymer. 16. The colorinetric

sensor according to claim15, wherein said absorbent

130 polTecolofinsatie ebagod é@&&rﬂ:r@’ @Qg}??)ﬂ?'o? 1 %sY to 10, wherein

al ginic acid, dextran, collage

saidt ireaepioe smotdcalls hsdgé!e\éﬁid Nizon E%Vdﬁ{ﬂ‘ﬂon@fsﬁﬂg%f Adic acid,

sodi um pol yacrylate. 17. The col or iC Sens

gangliosidegatiibedies, rﬁritﬁ)od?‘p%&hﬁnf%aéﬁ’d Gidirt!| 0se

derivative is selected om a group consisting of

12ar boqeetdiptinsttit lseaser adSordidYo SRy dHLSCCIBMSs 1 to 11, further
ng

ethyl cel lul ose. 18. The col ori mstrl c”sensor accordi

- compansmgyaevaiér.cd;talmfsg nd#hsll, wherein 21 said pol yner

nol ecule is nodified so as to have a wat er-absorbing

18bi | | The 1eoloAnteitlit eseheor aBCBbIdIRENE t icRRRr $9Yi PR8I said
wth the colorinetric sensor as

- water-retaining means is a porous material.

4.~ The colorimetric sensor according to claim 13, wherein. said porous
material is selected from a group consisting of zeolite and porous sintered

products.

15. - The colorimetric sensor according to. claim 12, wherein .said = .

- water—retamlng means is an absorbent polymer.

16. The colorimetric sensor according to claim 15, wherein said absorbent

.polymer is selected from a group consisting of alginic acid, dextran, collagen,

cellulose derivatives, starch derivatives, polyvinyl alcohol and sodium
polyacrylate.

17. The colorimetric sensor éccording to claim 16, wherein said celiulose
derivative is selected from a group consisting of carboxymethylceilulose,
methylcellulose and ethyicellulose.

18. The colorimetric sensor according to any one of claims 1 to 11, wherein



defined in any one of clains 1 to 18. 20. An air
condi ti oner equipped with the filter as defined in
claim19. 21. The air conditioner according to claim
20, wherein said colorinetric sensor is placed at an
upstream and/ or domnstrean1s%Qe of the filter and is
pl aced so as to contact with the air which has not

been heat - exchanged. 22. The air conditioner according
§Eﬁ’d §c|)lﬁh€ﬂ I%Qleeule @mo\’fﬁn@ﬁ %b%sﬁg hgg(? % évaz?e‘ﬁarggowq %tgmntzor

{s contr ol SO as be “far n
%®nper at ur/‘éﬂft‘%l'rfOr BN r&m md!knonhr edueppEalr Witle tHeagol oMh&tFit dknsor as

dﬁfmb@marg%@rg;llc ﬁgqg 18 wor king state of the air
condi ti oner. e air conditioner according to any

The of cl a‘%fh%'r Q@ﬂdlf@r@zeqmppemwnh tredfitter bs HefiheNinQRlin cial
Zensor forTh@eér?%h&‘iEo%cé)écg\Fd rre%lﬁ g%f of tgﬁ’ﬁf?’m st golorimetric

col orinetric sensor
SEPPALF Recest atart ypstesani @mdfamta/vnstreamohnﬂe ot filter and is placed so

ABATROMELNMEIHURL BF V\t/l'ﬁéh ﬁé’é rgc;t'brégh hoGt-S&! anged™® defined in

J3ny one of clajns
The air condltloner according to claim 20 or 21, wherein said

colorimetric sensor is controlled so as to be maintained at a suitable temperature for
binding with the particular material without depending upon a working state of the air
conditioner.

23. The air conditioner according to any one of claims 20 to 22, further
comprising an optical sensor for detecting a color change of the colorimetric sensor.
24. A method for confirming a lifetime of a filter for an air conditioner,

comprising using the colorimetric sensor as defined in any one of claims 1 to 18.



