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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 equipped
with the colorinetric sensor, and to an air
conditioner 10 equi IOIOGQPEC IﬂC?-WIbI\F he filter or

appar atus. BACKGROUND OF THE I NVENTI ON [ 0002] As a
means for confirmng a lifetine of a filter for an air
conditioner, a lifetinme display which utilizes a
dust - col | ecti ng fungt) ORMEPRIYBENSORS abric has 15
been known. This has a systemthat the filter is
covered with a col ored nonwoven fabric consisting of
fibers excellent in the dust-collecting function and

FEIEL%EFIEHE INVENITION t he nonwoven fabric is changed
ependi ng upon a quantity- of a dust adsorbed onto the

[oooifoven Trabrgresamtt hvehonasi@ee ® d Reldinietric sensor.  More
t heret hrough (For -exanpl e, see JP-B 32860/ 1995). 20

PafafikdryOit fefteotdier chlenthetritl sémyapor HeRatihy e Parsitulaf material
presence of a material in the air such as bacteria,
présertein, théOGr. (\Mbmoveg ibreaies tooaplitsrds) apberatus for an air
difficult to be visually confirnmed even when it is
cadditiched egoippedhwithi thise coloAmetric mehbod drat teledreclin Banditioner
such the material, a neasurenent has been known, in
eghippledavifihgsahothedilizalor ppetatve nat eri al and an

envi ronnental pollutant etc. such 25 as natural

mat eri al s, toxins, hornones, agrochem cals etc. are

capt ured by an anti gen anti body reaction with an

BACKGROUNE OETHRINVENTION:ci fic for the 2 material,

and the material captured by the antibody is measur ed
[QQQ2Ar di A$ a cneans fonoenfoming edifstamea lof eifittar foretrhaid cenditioner, a
with a | abel ed secondary antibody etc (For exanple,
Iietime)dispay28ueh REE)s 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] On 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 poflutant etc. such

as natural materials, toxins, hormones, agrochemicals efc. are captured by an

~ -antigen-antibody reaction with an antibody (or an antigen) specific for the
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5 SUMMARY OF THE | NVENTI ON [ 0004] Wil e various
filters have been devel oped in order for a renoval of
a particular material present in the air such as, for
exanpl e, bacteria, viruses, VOCs (volatile organic
conmpounds) etc., there has been no neans which not
only reveals a presence of such the particul ar
material, but also confirns a 10 performance of the

A, 2 ey L 2 b o o
i ﬁr#diﬁleélé}?atl daii\l'll\}1 Iﬁbﬂi Q?c %%ré‘%?)ﬁ%%e crnﬁgﬁ)’grqt D4y ete (For

er an an exte ICU

been adsorbed onto the f||ter
; omﬁ baled p{:@oﬁdw

'not evvere difficulties in
confirm ng a working state of the filter and in

“exchanging the filter at a suitable 15 tine to use

SIIMARY P THEINVENFIGNON [0005] Therefore, the
mfm'!g es a novel solving neans for

[0604Ct | Whﬂé‘?an@u@ﬁﬁé}%%é?rfe bddMadriidded intdraBRF 4 F’énab\F‘al of a

the.” air.. Mreover, : present ‘i nvention provi
p%rtfddléreﬁ]aiéﬁaf %Te@érﬁt ﬁ'PfHH Giro&ifh ¥e! Fd?' anb'a(:@r%h%ruses
presence of the particular materr al e alr

vmawoiéme &r@ahid BbmBolings)2&cPahbRy Hﬁ@%eﬂf ncs 'M’eefris' dhilch not

for an air conditioner about the renoval

OB v 8@%&19%1* aleH ae tdaﬁiduléreﬁfa@;érf bhf‘%lso confirms a
filter. [0006] The present invention iIs based on a

paﬁbﬁhameﬁmﬁe fihet aBoGolre IdiRéVEl ©f theMaterialBi @hlifetime of the
conprises a receptor nol ecul e specifically binding

filterd h That B sincettbavharedreextaht ihe pdrBc@ar manstial i e/ 8 has been
nol ecul e whose i ght absorbency is 25 altered due to
rdrhoviédpy die fiher pad to aklat ann@itent thb ; didemaesiti®the air has
nol ecule, is used as a neans for detecting the
bpersaisoebad drite tharfilier ubauld mastee &hown, tthereaiwere Mdifficulties in
[0007] That is, the present invention provides: (1) a
confirciingret workirsp state of the dktéreand hg erchiErding thafilter at a suitable
material in the air, conprising a receptor nolecule
tismpdoiusecaidey i optinmgl ceinditicnhe particul ar material in

“the air, and a polyner nol ecul e whose |ight

[Q005dr beilbyrafereqithe peesehieénventisinneioniglesfa hbeel solving means for
detecting the presence of.the particular material in the air. -Moreover, ‘the :
present invention provides 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 ihvention is based on a novel concept that a colorimetric
sensor, which comprises a receptor molecule specifically binding with a
particular rﬁaterial in the air and a polymer molecule whose light absorbency is
altered due to binding of the particular material and the receptor molecule, is

used as a means for detecting the presence of the particular material in the air.
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5 particular material and the receptor nol ecul e;

[0008] (2) the colorinetric sensor according to (1),
wherein said receptor nolecule is |inked to the

pol ymer nol ecul e at a portion of the receptor nolecule
not participating in binding with the particul ar
material; [0009] (3) the colorinetric sensor according
to (1) or (2), wherein said 10 alteration in |ight
absorbency of the polymer nolecule is caused by a

10EAY! arThatid 5d Fﬁl en?tﬁ\%hﬁ%rirlppo\}i@eé;he pol yner

mol ecul e; [0010] the co metric sensor according

Qi i " | 1 Ly . . .
(1) Shernie st r B8 5 BB b n i o, comprising

acrRegtordnbRclb saéciﬁ@auyhmharnpi Wit ahd pé‘ﬁ?lﬂEF %eﬂéhéﬁrﬁg the air,

in Iight absorbency of the poll'yner nolecule 1s cause

Byidanp@yirei adleduleivhcde RH jc§tis ftekd '
t he pgl )kfmsrr nol eltj:ﬁl e; [0 12]%!)(%'2;%#%2 Iéclglhgﬁoon@f?i&gbﬁd!@ of the

parnkolaracateridi asd tHe fdebptdrmidiB&lileconpri sing a conpl ex
consisting of an electron-withdrawi ng material and a

[0apB)d speriHd eolofimetiid @cheSCBECSIAINY &F Y £ wikIBle58id receptor
sai d conplex is |linked to the receptor nolecule 20

wicdeduie id lirgasadito thepohmér inotdiils at aTdomBdn bEthee@eptor molecule
according to (5) or (6), wherein said polyner ,

not partitipatisg frebiedirgdwith (e paditalp ngBEaISt i ng'  of

pol yt hi ophene, ol i gothi ophene, polypyrrole and

[0 i nyl(8athazallerimEBicl d¢ndd?) atdadiegl & i(Mplori (2)S Wmefsin said
according to (7), wherein said polynmer 25 nolecule is
pibergtiomyn tightbalzsrireendy0oflibe ddYmehmaledae isreansad Bgasablecular
according to any one of (6) to (8), wherein 4 said

stingetachl mlieratioadn ¢k polymer ngoleapleconsi sti ng of viruses,
antigens and biotin; [0016] (10) the colorinetric

H0pr atBothei oglotimetnity sensorodcddlinigotd 83), wivdreirekaid polymer
said el ectron-w thdrawing material is selected froma
gotappleismalydiaeefylepe; ant hr aqui none,

t et racyanoqui nodi net hane, trinitrofluorenone and

[0011] (5) the colorimetric sensor according to (1) or (2), wherein said

alteration in light absorbency of the polymer molecule is caused by an alteration
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 colorimétric 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
molecule is polyvinylcarbazole;

[0015] (9) the colorimetric sensor according to any one of (6) to (8), wherein
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5 dinitrofluorenone; [0017] (11) the colorinetric
sensor according to any one of (1) to (10), wherein
said receptor nolecule is selected froma group

consi sting of sialic acid, gfnglioside, anti bodi es,
anti body fragnents and avidiny [0018] (12) the
colorinmetric sensor according to any one of (1) to
(11), 10 further conprising a water-retaining neans;

%ﬁ@ ﬁ@%né ?sgé%légt%dcfﬂin‘? 'éieq}glhé :c%8§§g§§ igf o iaflg%%ﬁ’s S biotin:

n sal wat er - r I's a po
RS 0P8l e bk a0 B8R ong 1,0 0 0
SR S 0000 RS, P o RERL Sl Bbiing
GETSPORTMID | SebiFhnod SRS, yryctyornone  and

- diftéfliofebdhet he colorimetric sensor according to (15),

wherein said absorbent polynmer is selected froma

[D09PP COPH Sthik"eol8fimalrit BERsEC hecordfy [@E’Q?i éRe of (1) to (10),

-col I'agen, cellul ose derivatives, starch vative

vIErE Sail rabssbpmoRstdSs Pﬂéél@&teﬁ(?fdfﬁ%rg’rbﬁb%(o?%;%ﬂﬁﬁbf sialic acid,

(17) the colorinmetric sensor according to

gainglieside santibaurdd, ldnﬂﬁ@d)é#ﬁgh\éﬂtd 46d b§idRel ected froma
group consi sting of carboxynethyl cel | ul ose,

[0B18Yy | cef1yl psecHbimetrity sepsbrubessdingp td %@%%né 8 (e (11),
colorinmetric sensor according to any one of (1) to

f(rtigr, cormrésing & watef rétainimemeapsecul e is nodified so as

to have a water-absorbing.5 abi1ipy; [0025] (19) a

[0019])er fo(13ntiad reaterirdietricorehseludeeeding td (HBE wherein said
colorinmetric - sensor as defined in any one of (1) to
waten)-retdibbitoineat2 (Y a porapmatdis; for confirmng a

lifetime of'a filter for an air -

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

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

[0021]  (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 aiginic acid, dextran,
collagen, cellulose derivatives, starch derivatives, polyvinyl alcohol and sodium
polyacrylate;

[0023] (17) the colorimetric sensor according to (16), wherein said cellulose
derivative is selected from a group consisting of carboxymethylcellulose,
methylcellulose and ethyicellulose; |

[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
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5 conditioner, conprising a solution containing the
colorinmetric sensor as defined in any one of (1) to

(18), a solution bath for retaining the solution, and

a means for bubbling the air_before and/or after

passing through the filter it he solution; [0027]

(21) an air conditioner equipped with the filter as
defined in (19); [0028] (22) an air conditioner

S9wpped with the apparatus as defined in 10 (20);

[0029] (23) the air conditioner according to (21) or

08 o r S &R forch &t EBhlbna” ShAlpd PIRHER Shgrimetric

an upstr downstream si

-ée‘hsBFQQ%ﬁﬁ@d?ﬁaﬁPoﬁ?%ﬁigﬂE%&gF the air which has not

been heat-exchange (24) the air

jtio C | t fo G ( ;
90261 °P), Al s, Rt (lind  E ey s am o
doPdRRneR ' t | i i i '
<PArER URII S LoRbRng BIPELBHR Shncor o gonea

the air conditioner according to any one o

. _Lhe par : W C
| ||l(1| ?ga)p dhe Wﬂ't@%?, atieiort ?ét.haf’of ragnmg tr@@ému&@,%ﬁiﬁ means
fooblBistihg the Hitdfore?ShGOMBRESHAGIRNIPBUGIS He BRSO thd 8blution:

- detecting a color change of the colorinetric sensor;

[0027] 0032]) 436l condtiohes ehippednfitt tHe'Tte asidefihbdtn ¢19):

a filter for an air conditioner, conprising using the
[0028) i MEDD) @nsaiﬂsdmdﬁﬁ)néﬁfec{ﬂﬂﬁbéw\Aﬁth}’th@nﬁp@éraﬁi's) akdefined in
(18). [0033] According to the colorinetric sensor of -
(2D present invention, the 25 presence of the

particular material in the air can be confirned by the
[@e29]r c{RB)gtheokirt bendigmsar acesrdirigh€o Wen Kidrg(Bh athe?bin said
the filter about the renoval of the 6 particular

colrierdtat semsobds patedoakdn Bpstecweandiorcdowhstigedm il of the
colorimetric sensor of the present invention, a

fikeni tandd ds t plaeed oso eas hiangiontadt heithi tHeeraicaghibe hksombt been
and an effective state for using the filter can be
hest-exthariged, Furthernore, when the col or change of

the colorinetric sensor has becone to

[0030] (24) the air conditioner according to any one of (21) to (23), wherein

said colorimetric sensor is conirolled 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;

[0031] (25) the air conditioner according to any one of (21) to (24), further
comprising an optical sensor for detecting a color change of the colorimetric
sensor; and

[0032] (26) a methed 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).
[0033] According to the colorimstric sensor of the present invention, 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
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5 be not caused any nore due to binding saturation of
the particular material in the air, the colorinetric
sensor of the present invention can be reused by
treating with a suitable reagent. DETAI LED DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS 40 [ 0034] The
colorinmetric sensor of the present invention conprises
a receptor nDIecuIe specifically binding with a

|&ulﬁf‘hﬁ§t BE , ﬁé]% ai Mor@&gera ROy @Fﬁjto he colorimetric

nol ecu OSE SOT ency r1s aI ere

$Udf e tl'ﬂaf PFé?feHe CoFﬁlGﬁ 3 %It%gltﬁné(%%ﬁéﬁﬁgaﬂrgt fh‘é“fi!%rr can be

mat eri al orimetric sensor

: RribYAﬁPt A, hh%ﬂre%ﬁ\‘?é’t Ql[atémfo?CHE‘flg 1gh%' k&9 dof 1€ established.

pol yirer nolecule at a portion o he T ecept or

PO RG Hofe, \Whe® Fhd 'c‘élo? aglg%iéféﬁé r&'l&ﬂn%ﬂ:&én‘%ﬁr has become to

particul ar materi al anpl es

bePAbt EQHeRS aﬁ?hﬁ‘dréaélue & P:ryﬂ'?g ?éﬁﬁ%n bf‘ﬁ'?é‘%éﬂf&u%fr%atenal in

not limted but 1 nc exanpl e acteri

thé r 41F ethe- caRIhRAAS se¥oP dfV@kabld®n d@%%?@cﬁ can be reused by

compounds), toxins and biotin etc. e receptor

trgﬁugg%m QkultéiSePESgSHL i nvention is not particularly
ITmted so long as It has a capability of

speC|f| cally binding with the particular material in

the air. Exanples of the receptor nolecules for the

DETAILED DESCRIPTION OB THE PREFERRED ENEBODIMENYE ude,

for exanple, sialic acid when the particular material

[0634] nf | TRazalorinetsic seABGH omeci:ﬁewﬂnn\mﬁuoﬁaidm@%@ra receptor

material is a cholera toxin, an intact antibody such

nedeaile lspecifically bindiny ﬁﬁth@pémcﬁraﬁgﬁﬁ@haﬂﬁl #ieCdlr, ahd a polymer

F(ab')2, Fab, etc., binding to a particular antigenic

midéearlel wanse dight tm:tsbd:uer&:y\/\m altéfeel past ioc irftingradfetheateceptor

is bacteria, and avidin etc. when the 7 particular

 mudeairle avith thebparticuiar PRASTAL. | in the chloriietras Bensordf tharesent

present invention, |ight absorbency of the polyner
invention theseceptor moémuhe iS Iinkexak todhe ipplymhéremefbotileeat @ partion of
structural alteration therein by application of a
thehiesieptar maleceefrad padidisatihg, inlbindihg vithsthe qiarticulahmaterial.
receptor nol ecule of the present invention is
[Q035dr po Examplemobthenpaptiduyarematerial” of the present lnventlon are not

~ limited to, but include, for example, bacteria, viruses, antigens, 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
mate.rial 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 etc. 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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nol ecule to inpart, in advance, the structura
alteration to the polyner nolecule to such an extent
that a col or change thereof is not caused. Wen the
particular material binds to the receptor nol ecul e,
the physical force is applied, to a nei ghboring

pol ynmer nol ecul e due to the structural alteration in
the 10 receptor nol ecul e and, thereby, |ight
absorbency of the polyner nolecule is altered, and a

g‘éhﬂfuléﬁmé{éﬁa?%rtﬂﬁﬁ’rgem c sensor is changed. In this

spect sui tabl e exanpl es of the polyner nolecule
de,
I[:_t‘)i(lgﬂng :s |Ig ]Eiﬁe it pl‘éﬁ%c%t &%&S{Bf@% tyin%ﬁ tidr qg‘)ht eéb%f)rtaency of the

fp@fyn?é?a%@culé Bf“thé Hfésfee'ni ﬂw(rérﬁrd‘ri 'l\malté&e&hbﬁ?@ to_a structural

nonomer units are 15 regu arly orientate

Qltel%t'ﬁ)h'tﬁér%ﬁr? byfa%?ﬂ@éhd%/oﬂé) Mj?ﬁ?éélzféltde%rﬁfonS? LBln this aspect,

Im A solid o he pol yner nhol ecul e ma

H#‘e??bce[p%ﬁ%bfddﬂjlé Bﬁﬂﬁegfé&‘énﬂﬁ%ﬁhoﬁfis Hl%r;ﬁ’él%&ﬁf‘tnto the polymer

i nvention, light absorbency of the polyner nol ecul

Afolédife s BREAK, IMatRahceNtHeSstAldh@aeaiaidatoh %o #k polymer molecule
alteration in an electron distribution state in'the

tolstiel 8n dxtehhitiataapesibr dHimgdOtHIrest i o éeﬁ%avvl YWhen the
material is bonded to the receptor nol ecule of the

pagisaldr matevianbineg torthadeassier mdlecule, the physical force is applied
el ectron-withdrawing material is bonded to the

tce e pristghbuvingC polynvéra nfolstult abhé toi e dstaRashl iditetation in the
the receptor nolecule. At this tinme, an electron in

teveptor shoigcuim lapely ltkeldebgk Bghtt absdrbeneg @ibtine pal@et Infolecule is
has been drawn to a side of the electron-w thdraw ng

aidred| anddaecdlor ah tls dhndreogehic osensor s tdiainged.  In this aspect,

el ectron-w thdrawi ng material. Sinultaneously with

suitatileng exaimples pafr t theul aolymerer hadledwie t hiaclade, t doit hexample,

.-receptor nolecule, the 8 el ectron-w thdraw ng

polydiacaly/enshi(EDA) astcbe Exabpiee dfta shaper of ¢ golymer molecule

nol ecul e, is desorbed fromthe receptor nol ecul e and

inbldel dor raxampie Ae bpiti-yprdiim (kB ditm) ent whithf eveomer units are

cause the alteration in the electron distribution

regatasly erientatednsdigosomieygr 4 filghetcafizrorasking polymerrization of the LB
ymer nolecule is altered. In this 5 aspect,

ﬁ;rarrp‘}- salichef thequalymsr eoiesiuersrayrhe alsalusednc| ude, for
l e
[0035]3 "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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pol yt hi ophene, ol i got hi ophene, pol ypyrrole and

pol yvi nyl car bazole etc. Anbng them

pol yvi nyl carbazol e is particularly preferable.
Exanpl es of a shape of the polymer nol ecul e i nclude,
for exanple, a built-up film (LB film in which
nmononer units are regularly ofientated, a |iposone or
filmformed with 10 pol ynerization of the LB film and
fibers of the polymer nolecule etc. A solid of the

LS L e A Bl
B CRIBMHNY iRy fe ?%beg%re Ché18BaY LRG" A r@%(cql[o?]u En S’Mﬁh golymer

as a cyano group an ro group etc.

Aold ?raﬁ Fe%rt Ralké K AnbPBioRBhShs aéleétFB:rl Hgﬁ'{tﬁ]‘t‘% state, and

exanpl e raqU| none, tetracyanoqul

Eéhééddeﬁﬁ*l %@”QB&rbghEy fcg?tfﬂeuﬁbf?ﬁ%}omo?é ﬁ%%r@& In this

of t he speci r

§t§édﬂd%ﬁa R8s gmefé ”&ﬂtz%‘)?etﬁcﬂyﬁ‘ﬂce?r ?ﬁdl@n%lude for example,

partlcu ar materi al t an”opti ona

a@w@dﬂeﬁeo%ﬁgéﬂhkd;ﬂme% PY Eﬁélezﬁﬁ’d gewr@?darﬁﬁicﬂé @t Among

be used so long as It peci fi cal ds to the

n@@@mdwwﬁmb@f%ksleqé pfahﬁ:d%rﬁﬁﬁr‘étfeﬂaﬁlée NUEQfinp 1%9 oS e of the

A conplex of the electron-w'hdraw ng rraterla and t

poigaRd GRlkdfe iREIORA! 96 RkaRpi&! %nb'uut Q,b nﬁlhﬂQLBOhl?n)Oﬁn which

them Those skilled in the art can freely select

@ishbalkr eufsThArRAEQNaRY bhénthtcdRnd APSsdME or film formed with

el ectron-w thdrawing material depending upon a ki
pdlyineazaRaeot Bl B FiRe, Uk Abskstdiehd pbiimsr marélcaféUéte t ﬂ solid of
be used, can properly select a reaction for covalently
ﬂhendpogrnlitsrt hnfleailet heiyandecanligeer fugem t he Egafple8N: of the
The resulting conplex can be bonded to the receptor

et aton-withdrawisy angledial” bipcludet d6it eRgmipld, ha tdbmpaarPhaving an
nol ecule in a solution. [0040] In this aspect, since
¢laetrophithdrdwihegeuiposuoietas @ sgasorgetipt had @rsikengroup etc.
invention is changed due to a reversible alteration in
Exemplescof en suilabler electronswitticrawinign mdtteripblingiede, for example,
nol ecul e, the colorinetric sensor of the present 5
anibeaguirames datrbeyareasietbdiyetresieo itiinitroflnotamoniealdinitrofluorenone
el ectron distribution state in the polyner nolecul e

 elgenExpreplashef the digaridasireciid forha reokptor meoiecoleddnslode those

has
defined as the aforementioned ‘"particular material”, but an optional

naturally-occurring 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-withdrawing 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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-accor

-1 nventi on accordln to a roc ure,

beconme to be not caused any nore due to binding
saturation of the particular material. For exanple,
the colorinetric sensor can be restored by i mrersing
in a solution containing the conplex of the

el ectron-wi thdrawing material and 10 the ligand to
substitute the particular maté&rial bonded to the
receptor nolecule wth the conplex. [0041] The
colorinetric sensor of the present invention may be

fﬁ%%ﬁ@@ vari ous shapes. For exanple, when it is
E I(ff’nas a |iposone-type colorinetric sensor,

,&%‘E" o st e S8Fe "BRGERRe B Ao sappor o e
% uc;ﬂéb% t'i:orf‘?%1 %aﬁ%ﬂ Eﬁ%g eggﬁ%f%&rgﬁarﬁm th 919 electron
SLSI? gt nr%tgfe?m tﬂ%m%f @gﬁ%q%ee Ctﬁgtcﬁgg[}gétﬁ%gsle%sbr ofthe present
W 'é:%'cg o??ﬁnseétg) Bg qgégtg%éeaﬁu‘ﬁtgﬁ 3(9 rdd'{ Q%ﬂ}g)%loﬂ state in the
SO pEOOELRLH1d 7306 By g ror
W@b&r‘ﬁglté HOMBE Galisdd aﬁ}(l Lr\ﬁsolfe e %'lﬁdan{;‘ %afﬂergﬁ&q 1 of the particular

ng to conventio procedur es

hedtsyedi. éﬁi tht c}fc{brﬂgéﬁilc%é r <3

t
predetern1n unt o receptor no

ihar fahdd coﬁ@wﬁg thé'dbgnﬁlgf o‘FQHﬁ'B?éctf@A WFtHHF‘a\Mm Waterial and

i rradi ation e skill in the art can easl
HORBERI {ohSush@E! tﬁ@tﬁdrﬁmﬂSP el Hc{jﬁ!eﬂrtﬁstﬁ@tregéptor molecule

or exa
ARE ¢hé B8khplak. JP- A 19413011999 or Song et aI

Bi onedi cal M crodevices, Vol. 4, No.3, pp. 211 219, 10

RIDAA] MOTRE\@lorinibieie éefnsbﬁopﬂ'féd;bi‘égg o n{)ﬂ)ﬁ’ﬂ%&é%? produced in

colorinetric sensor, it may be pro uce VI ng

Va0 BREpes. ”Fbrp@ké(mple ”Whéﬁuitelsa'ﬁoéuced as a Ilposome-type
predeterm ned, anount of the receptor nolecule in

colotimbtric setdelrj frst, drnLBEHNS thé Meorksthel mledis wghb@ prepared
nozzl e and irradiati ng W thereto. Alternatively, th

B podyitmbic Wpgaiol solvdntt hTFhehe estcoldrirstricose ment @Ethe present
prepared by a synthesis such as radical

ipwénytieT agtbeopraaiuced thiyastindngp tHey resuittitat LB filratahd @ brdddermined
nononer

amount of the receptor molecule in a suitable buffer and sonicating it, thereafter,

2 ﬁgre% Hy immersing

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

molecuie 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 Microdevices, Vol. 4, No.3, pp.211-219,
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nol ecul e. [0042] In the present invention, plura

ki nds of colorinetric sensors for detecting different
particular naterials may be prepared with respective
receptor 10 nol ecul es, specific for various
particular materials, and thé9 may be used
simultaneously. In this way, the presence of various
particular materials may be individually and

A OB R o Ay 1 o
BERLSH Bﬂ%e” Cyb&s&ﬂ@ﬁbfor‘fjndor?:}fn?l“%fn?hémwlf}becurﬂg%cge and a

col'or i net sensors

drBh&fekAinedlambOffai thEhl%cBg{cfrerh?l%ﬁﬁfé i Eﬂﬁ?tﬂées%ﬁgfqnf injecting

I nvention 1Is not particul d so

tﬁé”sdh".?ﬂ dr?‘ft?roh@ﬁ RG24 o Fﬁéo?éﬂr@ U tﬁé‘r%;@' IrAlter'rwsltively, the

materi a -constltutlngthe

o‘l}ﬁhé‘rdﬁoléd@ﬂe 8P Bse IHVé!r? A g?%‘é}f’r\éﬁ?réoew %a“sgﬂﬁ‘%%is such

fibers such as acrylic ose TIb
ﬂ! Paichl PRIimemAtbht YF 8Rtidrid slymeREAHR @ﬂ‘.e'&? the monomer
fi bers, pol'ypropyl ene fibers etc ceram cs, and
neslgamec pol ynmer 20 filns processed into porous by
foam ng etc. Exanples of a preferable filter of the

[eo£24ent IR igreSentNRivEHRen,T Blur@XRIFBL Sof eolfohh{e@rc vaan%hrs for
is made of cellulose fibers carrying sialic acid

detdttivgriitisrent paticare matbfids may beesepareedyit re]s%eé\tlve receptor
527166/ 2001. Alternatively, the colorinetric sensor of
nidleculess epbcific Vientuapiousf pariediar matdridhy, oasd Sthayaanawbe used
be used as a material for processing into the
simiiitarreousB044 tHibevdy, ltherpresertidie op vakeus pamtammatem may
be used by directly attaching 11 to an air
bedndividuaiig randAsitrestaatonsly \oorfitraed | & tharpgrfbenarsed ofithe filter
a constituent of one nmenber of a filter unit for an :
about tundemogakof aBuirilividealf partienlanmatenhl edavi be confirmed, by
produced with the filter as a constituent of one
usiegiural Kinglssf coldrimetria seoegres fof deteloting tes patticular material.
i nvention. 5 [0045] Exanples of a shape of the filter
[@043]he ghesfiter wsedeinmt ihenpieseht dereatiom s ept patticularly limited so

" structure, and a shape forned by processing into a

langt &% itl can edibged 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 fibers, 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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a cloth-1ike shape, or a pellet-like shape and sealing
this (for exanple, placing this in a bag, which is

used as a filter as it is) etc. [0046] In one aspect

of the present invention, th 1calorimstric sensor of

the 10 present invention na§ be used wth retaining

on the filter. Exanples of a nethod for retaining the
calorinetric sensor on the filter include, for

" si ' fi f :

R oY AR R ah et ingy Bl Lo b o BfsttBnt of
ChRAMRof 4 AferCOhPFd "B EirCecRiMRRerOf SLAR RS ARELNIL which is
invention I's retained on a porous naterial, and the

QEGE Wi $he flter &5 & ohbfilehfbel g int
p'[?0047] -I'na pr e?er a%l e aspgrgt ﬁ?’ﬁﬁ% eﬁﬁ%ﬂ@g}%&hh & Scope of

tie BR&IHnt ifeRRbAON conprises a water-retaining means
for retaining and supplying a: noisture necessary for

[0045]i NJ Bfaniles ‘B?!aoéﬁéﬁ‘Eéx bof the ﬁﬁér}?fn; ﬁigde\aﬁééénpﬁf\fehﬁ% Hclude a

material inthe air. anples o ter-retalning

heRapsorhb Gtitiref Qfd @XshERpeSormed ByPIocERiRY irftb 22%tidD8r shape,
an absor bent po1_ ymer etc. Mreover, a polymer to which
atcloMaliley siisedY ApeRdiliidet Shage bR 3EhANg s TR dxénide, placing
with a suitable group may be also used. The porous
thieireaitRlg, Whidh iefidealisea filenaeitidtetenl y it can
i mobi | ize the calorinetric sensor of the present
[oodeInt i am opd ddpect of ther preBuht _veation, thakolcramsttil seRLEf of the
whi ch serves as a nmedium for a binding reaction of the
preszetioveritfonmeiagc bbeusad! witre ré@irding \Wrathaailter.| aExarhples of a
adsorbing a noisture in the air. Mreover, the porous
mathed far retaisingaire calorishéteict sebisos ehapéifiiter matlide, for example, a
collecting the 12 particular materials present in the

- physicalepdsuiption opto ai filkerpiiber, di chveshieal modifiezibrsamf atuse of a

porous material include, for exanple, zeolite, clay,
bimdieousicsi IAreferatalpd thie atotorimetics semsdrhoktite pgreaem invahtion is
t he absorbent polyner include, for exanple, alginic
redgingd afea tposrys maleraieand thel boloosanalerialistiusther, refsinedlon the
derivatives, 5 polyvinyl alcohol and sodi um
filksl yacryl ate etc. [0048] In another aspect of the
present invention, the colorinmetric sensor of
[oo47] 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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the present invention may be used w thout retaining on
the filter. Specifically, for exanple, the
colorimetric sensor of the present invention may be
used in a solution. In this_case, the air may be
contacted with the col ori netffc sensor in 10 a

sol ution containing the colorinetric sensor to bind
the particular material in the air with the

SElSl oA e R LY, g
%ﬁ% %@gﬁ(ﬁ é&%@s%at%ﬁ%l ff18| @%ﬂﬁwsp‘?% %e!?nﬁ%e RWPbRSLs silica

ent to be USG
PS8 S Lol 3 okt g, o
f i .y .
S AP e QU 98 i,

PR AfcofBl 854 k8diRl fnbaﬁ,aglg)le%l tric sensor and the

partl cular materia 'es of the solvent include

[0048) . 3R GrRHR LPREEBHHSHEBAL invaHGdh,aRe %Rﬁiﬁ%tnc sensor of

i sopropanol, hydrocarbon etc. Moreover, other

the prestre ﬁﬁve?rﬁloﬁ%hy'd@lhsw withiolb ?ethd“ﬁb BA th&aer. O”SISkicn‘” ically,

the receptor nolecule and the particular mterial ‘may

f@ree)fatﬁ;blbe therB8iEmchi® seAgorSer ki @aseﬁmv@hﬁiﬁn AfaySbE ﬁsed ina
t he |ngred|ent i nclude a buffering agent

soflitight | NOtHiSeass) ki MNniey 1§ dofRiciivith 18e cétori@hetrlc sensor in
suitable pH for 't he bi ndi ng reaction (for exanple,

a golgtiorFtdrtainhitphehtiiertmeRicCsanset to bidd the PaPicufarmatsial in the
for bubbling the air through the solution is for

atromitrattd cgotiinetricobryor Bt ibuishligrtae raircthrédigh theesstotion, and the
invention with the air in the solution, and it is 13
poesesice ud ttieel pafticularunpterial gas Heemhﬂnmetitﬁgetheacmozzhmge of the
etc. for feeding and releasing to the solution the
salutiomhi ch has been coll ected by a gas-collecting
vessel etc. The bubbling pronotes the binding reaction
[0049] he rfecebteni tonbé acsdde farf tHehaohudibar cordsining $leesmlorimetric
~and the particular material by a contact of 5 the
sensarr isnaot partelestyr liinitedhso dohgitasoit caml disemha thev ddiorimetric
stirring effect of the solution generation of the
senasty| ef the present invention 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-agueous solvent
such as ethanol, isopropanol, hydrocarbon etc. Moreover, other ingredient
contributing to the binding reaction of the receptor molecule and the particular
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 bubbling the air through the solution is for cohtacting the

colorirﬁetric sensor of the present invention with the air in the solution, and it is
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[0061] In another aspect of the present invention,

there is provided an apparatus which conprises a

sol ution containing the colorinetric sensor of the
present invention, a solution_bath for placing the
solution therein, and the 10!3forementioned neans for
bubbling. Using this apparatus, the air processed or
to be processed by the filter of the present invention

CRPRUBRLET S OHEE o R 0608, GBS r esaing anc

orirmetric
SERTRLp S HOOTA oS00 A L0BR by oo
I f QK i o j [
Rk e R e

nﬁﬂgcﬂll'bfcﬁ.tmg%cf?{wgiﬁlg id 844 r_%rﬁb@%nﬁérﬁ%ﬁ%rco @riaf’ibf% géntact of

ereof is fu anged. orrne

'tﬁf%ﬂfrin‘?étriy?erﬁbﬁﬁ he |SOHRRN ?rgcri fmé% m%?rg}w‘ri{ﬁeéj 'S’tih’ﬁ\g effect of the

acing 1t at an upstream and eam Si

A colorinetric sensor is used
vavln{ﬁﬁﬁodrén\%}atlt ou(tghﬁétﬂalf!ﬁﬁllehg on the filter. 20 10053] In
cas iRBt &4 ¢ i e :
(IS SrBAanet [eeel of 1B plbehCRich BGeCE Plovided an

aPEQ@Gs SMidS cHRPRSBS BColiidr) chR@irfing tWefeE?{?ginﬁE%ﬁé IsBBsor of the

rough the filter, the color change o

PPt | iRBéitich, S& NsoNitidre Hafs tfor Placif MHBULALLINE RERIAL and the
of the particular material present in the air before

afsremichdondd mAsHys fdrepdbbingr - UstHg fig@EpparatLis, tHeeaif Yrokessed

change of the colorinmetric sensor 25 reflecting an

~ ofts BRtrBtesRPbY th filtéher PR priessheinvBRtisH isbuBBlettBrough the

filter is determned in advance, for exanple, by an
selfien i aopfdininghitel chletimeaiotehssr of tHeeprebént afvdpion to contact

confirmed at the tinme the color. of the calorinetric
treecsiorimetrid sgnsor@nairtbe ir. t Tha srebefica oetheGsdroculanaRBsHal can

Moreover, to what an extent an environnment has been
beaohfitreed by théeojmrdhangkbasf thatceldrinettiasehgorinsthe solution and,

confirmed by nonitoring the color change of the
faraxampiet it can Sensmfimvetthat the. lifetmeeofahpfifter & tcompleted when

case where the color of the calorinetric sensor is
asottuteinéreot Isdntle dhanged.s expected that the environnment

is highly polluted by the particular material.

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

placing it at an upstream andfor downstream 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 the air before 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 filter




10

15

20

25 .

[0054] In the case where the colorinetric sensor is

pl aced at the downstream side of the filter, that is,
it is placed so as to contact with the air after
passi ng through the filter, the color change of the
col orimetric sensor 10 refledfs an accumul ative anmount
of the particular material remaining in the air after
passing through the filter. Therefore, if the col or

B O AR S
b ReRurnitied %‘# ey, “MOTRRE “c?éé"%?i%?ﬁ%’“ ) §liggrment
Ha'%e b%@hobbﬁﬁttgﬁ %gswoﬁarhéu!ﬁ}" dﬁ’l?[gt ﬁael ary e g%g%u anfﬂﬁ’ued by

expected per f'or mance o

rﬁc?rmb\f thé c:o'lcé?'er Ia‘ﬁlﬁeq{f tﬁg c@@%trlefseﬁgora\ggﬁ GiRfd Far example,

parti c ond an ~accept abl e anoun

irh ﬂ% Eééé %eré B> 2bioMor ﬁ"%v&Flomlngtr &?eﬁt‘)s%?ﬁs g{]%%ﬂl}/ Ranged, it is

colorinmetric sensors are ace

egﬁééﬁea%ﬁﬂ@ AHIREE ﬁlpﬂﬁspdﬂﬁtéd“ mé b&"ﬂcufa? rn*(%géﬁal

extent the particula erl the ai

[0654) ' eMONEdREY chée Whéﬂeefth@agolaﬁm%ﬁi’t{ 'sfdﬁfé@ M%@éﬂf at the

a change I n the performance o ter a
do@mRiabmveitB &f #FR fi !’Eé‘ntlﬁ? i§opiid gf dbé(o %@qbtéﬁdtﬁrﬂ With the air

difference in the col'or change colorimetric

aﬁ@f‘%&n@efhﬁ&@@w ahet fRrURSE 'cRfF éﬁbﬂ'\ WASthe eeHbAMERR: sensor

time at particular intervals. That Is, It is

rm ahh@dcuhfafrs BR1OTRNGF tied pfahﬁ:uﬁéﬂ rtnﬁfer?a'i rem@hﬁh'é in the air

the renoval is decreasing as the difference in th
afiet QvaselinaprafgH hBe fREOT | TRABFf6reS €S BHes &%r"\ﬁ.ﬁén@b of the
t he upstream and downstream si des at 15 parti cul ar

coltiafetad sensorde metitdrad wilge! WRethdrihd pefofhanes efthe filter
it is shown that the perforrrance of the. filter about

abbet tremembvalsol el panidutdrembidried iigenaiftainegd cahtiss cohfirmed.
conpl eted. [0056] The col or change of the colorinetric

Thahsrincthe baseomfierentd bylor Sofdinee coloyin@tse rsanser isisuddenly
colorimetric sensor visually. Alternatively, a display

chamginly ieiscexgented dmatethegrarformapserofi the filtee abelubthe removal is
change of the colorinetric

lowered or an amount of an adsorbed particular matenal s beyond an

acceptable amount of the filter.

[0055] Moreover, in the case where the colorimetric sensors are placed at
both of the upstream and downstream sides 6f 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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sensor may be provided, and one can visually observe

~the color change of the <colorinetric sensor through

the display wi ndow. [0057] In another aspect of the
present invention, the color change of the 10
colorinmetric sensor of the pﬂésent i nvention can be
confirmed by another detecting neans. Exanples of

. such the detecting neans include for exanple, an

SEELTE PR s A NP ) o
tHé?:‘éﬁjol'rﬁaﬁgé‘Bf ¥H@Eﬂtér$a 'ﬁﬂf'leyr ﬂ%veagjes Iggfgwgﬁ'ﬁ] Iﬁ%tﬁg e filter

ange o he” Cco OrIITEt

nsor and converting it 15 into an electric
Ig%h-'gﬁ)éteﬁiurtherrmre such the electric signal may be

[ﬁ?@@jﬁsseﬂle Bl MRHRUSE 'ﬂfg Bl@i&ﬁ&ﬁc%‘éﬁr tcléﬁ l?é ec%ﬁﬂﬁ'ﬁed by

e partlcu ar eria o
G S A e MY, p i

ﬁ&é\lvt &teNGhr CSH\%rﬂ@@iﬂ/ Wb%@r\)iri% tﬁ@'&ﬂér”ﬁﬁ SFRE ¢ dc%nmetnc

e present I nventi retain et al ne

: sbh@orf b GHe ngﬁdéc? 'dAd’ é\?é CSH%JAII?rb%%erdé“ﬁe“édl&eézﬁ(ange of the

refers apparat us mai ntaf nin
ceraﬁmaﬂa%hsoﬁmfo@fafml @splb@IRSAGKUre, humidity,

airflow, a presence of bacteria, dusts odors and

[pes7]f ul IR Rhe §sp‘€c‘t? of thé‘tpré‘%rﬁﬁhi/é‘f‘?dorp Réli dold?”c a‘i’fge of the
]

an organi sm (i ncluding a human) or a product

cbReiMettio S8HHdri 6M the p?@@@iﬂnirﬁf'ehtléﬁné&ﬁ 'I:SH‘Qfoﬁflrméd %r another
includes air purifiers and 25 ventilators etc.

deteetingresamet rExarfsies @F soéh tﬁ@d@fe%ﬁﬁ@ﬁnéaﬂseiﬁbvua@ fanéxample
be deteriorated 16 at a higher tenperature due t

 aflegiocal séheut. eltds poasitlethaademimite dmhsmgevwftthe ddirimetric

particular material nay not be caused in the

sensamwhighrdah AN Ivisiiallf dopfied i€ eReilaHBicetddb§ @decting the
cases. Preferably, the air conditioner of the present

colov ehtinge of shal eslogmetric semsdrivaith tHecosdad eSS arfd converting it
sensor is contacted with the air 5 which has not been

irte an-eacthasigrbl. Mburthernedre] sdidhy thet dlecticrsigrieai dhdy be@rocessed
of the present invention is designed such that the

‘intolvarioost infarmedicacabag the presence of the particular material or the

working state of the filter etc. and they may be displayed.
[0058] Moreover, the present invention also 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 bacteria, duéts, 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



10

15

20

25

mai ntained at a suitable tenperature for binding with
the particular material, wthout dependi ng upon a
wor ki ng state thereof. For exanple, the air
conditioner of the present inyention is provided with
an isol ati on nmechani sm for 1éﬁnaintaining t he
colorinmetric sensor at a | ower tenperature by
utilizing a chill of a heat exchanger during an air
N | | . .
f RENigh8PreRyiorthd B deenditbh'hd, Bl o Pl FeBton with

PPl drcr eI BHCED ol vRE PO sensopat a lower

I n nor

té&ﬁﬁéﬁ@%éﬂ@@ds@g g’gé‘n%f'aéﬂik,nwgggﬁmg%@ggnerléf the present
APUEENY SR BESRY, AL LAEHRIS SAMIE Sl with th ai
Qe YR gena Sl Bt R, BOBRRIEBITRE L Shioer o
iR Brekedd invéRflen &N d%sigin@zﬁe%u@ha%ty!tﬁf%&lb%@%ﬂ'id’fsensor is
sialic acid was prepare which can Iink to A via an

nyziBlay P il % 'shi?éﬂﬁgrertg{n atare if&k%ﬂwdih;g"?ﬁw bR BartlcdugRNfaterial,

in an anpbunt of 5 % was m xed a PDA matri x

withoat Odeperding® Giporf 0Bl 8P6KKinkP | sthteOhdrof > TBF Nbampiee the air

resul ti ng suspensi on was soni cated for 25 20 m nutes,

The resulting I posonme solution was transferred to a

nfintafriihg Bhatoloritidlni® sbh¥dd 4D a fwerlienpdrafike igadtiivingha chill of

W irradiation at 254 nmto obtain a PDA |ipdsonme into

aWhesthexchiapbbcdamg anasir coslipigPdivang dand G GsHutingRo® lrfldw from
Preparation of filter with colorinetric sensor for

thenhéaiesmohangetduiing Be air heegingedriwmg col orinetric
sensor obtained in aforenentioned Exanple 1 was

[aD&0]o! vdathe presefit ihveMidiawill e furthes ihadtedted in aote deeail by way
solution was stirred.

of Examples, but the present invention is not limited thereto.

- cBnditibRerbpde &eléénﬂindél%&ﬁ% ;ﬁ;@bﬂeus\m&wan%miwg%%hanism for

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 S-linked diacetylene

ligand in an amount of 5 mole % was mixed with a PDA matrix in a 0.1N NaCl
aqueous solution (0.15 mg/mL). The resulting suspension was sonicated for
20 minutes, and incubated at 4 degrees Celsius for 90 minutes. The resulting

liposome solution was transferred to a 96-well plate (100 pLiwell) and
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Then, zeolite (nol ecular sieve 13x (Product Nunber
25960-08), Kanto Chemcal Co., inc.) was immersed in
the solution to adsorb the calorinetric sensor onto
zeolite. A cellulose fiber to which a sialic acid

resi due was |inked 10 via i sdyanate was prepared, and
a filter which can capture influenza virus was
prepared with the fiber, according to a nethod

AR .07 AR 238 TRRRAF B Besau e whon

| i c sensor adsorbed thereonto as
esd;?élg%(?sqg IOP&E a binder (Snowtex 0-40, Nissan
[tgﬂggjlcal ié?ﬂ %’[é‘l es LTD.) in half an amount (v/v) of

5 suspe si'on was added thereto and the m xture

Fy}gga?‘étfohrcﬁ‘?ﬂtep— RaR: §°|dr?ﬁ“ﬁﬁé léleh‘s&gfor Hﬂ'u%ﬁE% Jfugescri bed

ve wasS | nmerse € susp zéolite was

g&ﬁ:%ef bél%ﬂﬂ'%ﬂ]g& RenEor Bﬁtralr\@dt f?l Qﬁ?%;hét@%é&q EXdmple 1

and Ter was :

m%%ﬁ’@%@lvéd%@ a8 Y ShilA R?CP%gh@éuy%‘léﬁoN 'ahHSth&"sbth]tuﬁn was stirred.
C

olorinetric sensor o) resent 1 nvention

e r £C d
TTHr‘l-:J ntl’:‘x gengﬁgl gﬂﬂ ac e?%oﬁ@gﬁ g@%donw e rﬁg‘?ge@ Kanto
CHichl eRer Iric% %b"“ﬁ'l?nér%eauiﬁc%shdl t n ftseé’dédﬁﬁ tﬁércc%lonmetrlc

contalnlng I nfluenza virus to the ter. color o

sbheo.caht@rzé&té | cAeggese rbSF & Wﬁﬂ:hoﬁ sidiR édla frsé.d&@ws linked
fromblue to red, and thereby, e presence of

vidlisbd é\ia’ie\(mééiﬁrép@iré& @i & fi ﬁéﬂwﬁﬁ:h%aﬁﬂééétﬁréﬁiﬂﬁéh.ﬂ@‘?lrus was
[ 0064] Exanpl e Filmtype colorinetric sensor for

pReeHiwit ﬂ@oﬂm&ac@cﬁdwg 1804 hefihod Hessped\ReIB-2627166/2001.

pol ymer nol ecul e (a) Synthesis by radical

Sepaydrtely é@dsp@nﬁohWﬁ%gﬁ@é@b?%spéﬁﬂlﬁgﬂh REatéNzeolite with the
N-vi nyl carbazol e nononer (3. 7x dv3 ) and

calvrintettit agansof 2adsorbed thatdaitd Usy rdusictibed eabdVeBMnd a binder
3.7x1 03 mol dm3) was freeze-degassed, and then

(SthowtexdDa1D, NisstrgCremidat rsdustridn L T48) IndhdlSan 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 zeolite was

adsorbed and fixed on the filter with gently stirring and, thereatter, the filter was: ..

removed.

[0063] Example 3

Detection of influenza virus with colorimetric sensor of the present invention

The filter eQuipped with the colorimetric sensor obtained in Example 2 is placed
on an air conditioner. The air conditioner is driven to successively feed the ai.r
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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Thereafter, the reaction solution was poured into a
nmet hanol solution to obtain a vyellow precipitate. A
reprecipitation of the crude product was perfornmed
three tinmes with tetrahydrofuran/n-hexane to obtain a
desired polymer. 10 [0065] (B¥ Synthesis by cationic
pol yneri zati on A di chl oronet hane sol uti on cont ai ni ng
an N-vinyl carbazol e nononmer (5. xIGO2 nol dM3) and

Wi ety St in gkl helee Segi BB e
AR S5 T

epr el kS TRPESR B reficar PSR Brfc vas” performed

A Befizehe Sl BB RS S0 T IR a8 BLBr R G mo
o oo By R %'ﬂ%g’mﬁabﬁ@?&""ﬁé@é)‘fm SR ol am)
“@Sﬁ?ﬁ%ﬁe ofbgLaRe 5T (hh Yiriglar 7o Borkey oSS i 48 hours.
ﬁh'e?ééf@?%b‘?%ﬁ&id %d?lufr&’i st%rg&ﬂ%'a‘:ﬂef g"%l'&ﬂﬁp % oBtaln a

casti ng net ar at el apanese

CLY Qﬁéubﬁatgonﬂ% élBlté{Idﬁ' off ﬂ?ﬁe&é@é 6 Wwés gerforéned three

sol utlontoform e conplex 1s re

tithels it ety drihih. bﬁhﬁﬁt&@&@hrﬂa%@ﬁééj peqy T on.

colorinmetr sensor or the Japanese ced

oles] i S (55) Sj(rﬂﬁgs:’sfby dationfs S RkrigBidr C sensor for
detectlng a particular material in the air,

AC@ﬂﬁlbr@hémaﬁefﬁﬂ@ﬂﬂirP&oﬁ@irﬁﬁ?l 2@ Nﬂ)fiﬁyléérﬁéizbié r'ﬁbﬁén'n@g (5.0x1072
with the particular material 5 in the air, and

mbmiararrméﬁ Wilﬁov\/(tﬂﬁ'@thMBrlo%bétﬁyb@thébatég Bit4 eEgd))dg.@u 04

bi nding of the particular nmateri al

n’deCtBﬁTaPwaﬁofréézé-@egassé@ear@@tﬁém f&i’frﬁeticatsenﬂégree Celsius for 8
according to claim1, wherein said receptor nolecule

hoersl | Meededfter! the mbumeolmbﬁwdsep@lrea iferd histhaiol tsdRition to
recept or nol ecule not participating in binding with

obfain paryellow girevipitete. al A reprecipitation of the crude product was

19

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

~. [0066] (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 chloroform etc. to form a film according to a
rotational application method or a casting method. Separately, a Japanese
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.
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10 3. The colorinetric sensor according to claim1 or
2, wherein said alteration in |ight absorbency of the
pol ymer nol ecul e is caused by a nol ecul ar structural
alteration in the polynmer nolecule. 4. The
colorinmetric sensor according,to claim3, wherein said
pol ymer nolecule is polydiack ylene. 15 5. The
colorimetric sensor according to claim1 or 2, wherein
said alteration in |ight absorbency of the polyner
Wh&Gs bRihedgaused by an alteration in an electron
distribution state in the polynmer nolecule. 6. The
colorimetric sensor according to claimb5, further
conprising a conplex consisting of an

gl ect r Anc¥lokiREtAN SthsBRIBF | ddtedtity & ! aﬂﬂﬂﬂ’arspr%éﬁélcm the air,

for 20 the receptor nolecule, V\herel n sard conplex Is

bbﬁipﬁdmboa trBGefteF ARSISEUIEpRE LAl bﬁldﬁﬁgﬁvdlth%ﬁdpa rﬁculglh Fnatenal

colorimetric sensor according to claimb5 or 6,

FAtitk Bfl wAEra pﬁp,lrrﬁéﬂhﬁ)lé@lé&hlﬁféeeﬁ?ﬁtr Q&@b@ﬁ&u& altered due to
consi sting of pol ythi ophene, oligothiophene,

bivldjry o theaaticllaomateriay bﬁarth@zé&@tor%o%cugle

colorinmetric sensor according to claim?7, wherein said

2ol yneThe nlehmblic Semsdryscditivgr RazRig. 120\/h%resﬂih§a;d receptor
colorinmetric sensor according to any one of cl ai s

oldétulevisciirdied tosthigdlyroensholetuse bes peetidr enthe rﬁb@ﬁ)}ﬁr molecule
consi sting of viruses, antigens and biotin.

ool marticipbting irseinding wmmedpmcm@rmate@me of clains 6
to 9, wherein said electron-withdrawing material is

3el ect Ehe f calorimeyio gensonsactiordigg ofo Tla@int hr asrui2nowkerein  said
t et racyanoqui nodi met hane, trinitrofluorenone and

diterationin lighteartsoebendylof Reepatgher muitalle isemssed by a molecular
according to any one of clains I to 10, wherein said
stauctptad pltexsitiooun éheé polyeteranadclileom a group consi sting

of sialic acid, ganglioside, antibodies, antibody

4.r agnehe c@latinetrigi sensor according to claim 3, wherein said polymer
molecule is polydiacetylene.

5. The colorimetric sensor according to claim 1 or 2, wherein said
alteration in light absorbency of the polymer molecule is caused by an alteration
in an electron distribution state in the polymer molecule.

6. The colorimetric sensor according to claim 5, further comprising a
complex consisting of an electron-withdrawing material and a figand specific for
the receptor molecule, wherein said complex is linked 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 12. The colorinetric sensor according to any one of
clains 1 to 11, further conprising a water-retaining
means. 13. The colorimetric sensor according to claim
12, wherein said water-retaining nmeans i s a porous
naterlal 14. ' The col ori negfic sensor according to
claim 13, wherein, said porous 15 material is
selected froma group consisting of zeolite and porous

Secor A g RBERT S pa0r ARG tgé&?ﬁotf{e'vé@?fﬁ?%fﬁgnﬁ a@erein
R P of W A GB e

B o n e b mae Serfeor PR %x?%séfsgé% B0 9, wherein
51 B BIANED. ARELA Y Shinh®) b Bl Soring o

um  polyacry
I
SR . e Rl Ein*gfﬁgfo?@om
Lgmrgﬁ ¥l cel lulose, 25 nmethyl cel | ul ose and .
et ose. 18. The colorinetric sensor according
140 anyi'h@rb%l&f mg{r@' dBhsbr taecdrdlndé% L5 Bné br 8fifls RY yms wherein

nol ecul € ed so as to*have ‘a water- argsor

' s%ﬁi 'réé%)tonl%o?écﬂfel (€l tedréth a Cgﬂﬂlﬁ SSHQEtu?@%fPEﬁﬁ? acid,

orinetric sensor as

g(éhglﬂ@dé érﬁlb%% esZQntll%Hoff?gﬁrﬁ@Hésadd)éwve' rm ng a

et me |Iter alr condi tioner,

10Mpr rrﬁbrtgaiar Relriet st of HRESIING ?o bﬁg drie &f é|§r?ﬁ§ H % 11, further

sensor as. meg[l n any one

SRIpHS t g the sol uti on and a maans
c t')-%hb b\%"{é} feRAinmBlAbah S .

for l'ing the air before and/or af t er passi ng

18hr ougRet hldrihéic | sbrisde RbHidify - t@lclaii A7, wherem said
condi tioner equi pped with the fil er as defined

wetai idtdifingRean® P bofdUddhbicpizgr equi pped with the
apparatus as defined in claim20.

14. © The colorimetric sensor according to claim 13, wherein. said porous
materiat is selected from a group consisting of zeolite and porous sintered

products.

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

- water-retaining 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 according to claim 16, wherein said cellulose

derivative is selected from a group consisting of carboxymethylcellulose,
methylcelluiose and ethylcellulose.

18. The colorimetric sensor according {o any one of claims 1 to 11, wherein
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10 23. The air conditioner according to claim?21l or
22, wherein said colorinetric sensor is placed at an
upstream and/ or downstream side of the filter and is
pl aced so as to contact with _the air "which has not
been heat-exchanged. 24. Thélair conditioner
according to any one of clains 21 to 23, wherein 15
said colorinmetric sensor is controlled so as to be

S OPHEF EncPbodanironit od OB PRk R abPeb e himy.
1401 Ki ?Qﬂl?érairo? 3 af Mond tfon‘é?%ﬁ#&%&f%tp%ﬁe c rﬁétrné: Sensor as

condi ti oner accordlng 0 an al ns

dfelﬂﬁégﬁ{ n)zg O:f%l s ofglcal sensor for det ggtlgg a

e colorinetric 20 sensor.

ofiet hogf g épé?%ﬂfs' fdf“ rfbgf ﬁnldiﬁt!ifé‘fﬁngf £ Filtdd fr érPtEnraébnditloner

air condl I oner usi n he col ori

cofipriinga s%ﬂtldﬁegoﬁtﬁlnﬁ{ﬁ’tr@@olﬁfmf‘e'tﬁé EBndorl & 48fined in any one

of claims 1 to 19, 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. |

21. An air conditioner equipped with the filter as defined in claim 19.
22. An air conditioner equipped with the apparatus as defined in claim 20.
23. The air conditioner according to claim 21 or 22, wherein said

colorimetric sensor is placed at an upstream and/or downstream side of the
fiter and is placed so as to contact with the air which has not been
heat-exchanged.

24. The air conditioner according to any one of claims 21 to 23, 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.

25. The air conditioner according to any one of claims 21 to 24, further

- comprising an optical sensor for detecting a color change of the colorimetric

sensor.

26. 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 fo

18.




