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2. Discussion of the Relevant Art

25 Dyes such as the porphyrins, the fluoresceines, the phenothiaziniums, and the
phthalocyanines, as well as others listed in Wilkinson, Helman et al. 1995, which is
incorporated by reference herein in its entirety, and others not listed by Wilkinson,
Helman et al are known as materials that release singlet oxygen upon exposure to
light. In particular, phthalocyanine, aluminum phthalocyanine, protoporphyrin IX

30 and zinc-protoporphyrin IX, which are well known materials, generate singlet
oxygen when dispersed in free form and are known to be effective as antimicrobial

agents.
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of White shyess effectiviengss againgiesuth blagterid fess tshoenalgter iests have shown

S u%tpat aecetlnq{l)iagferiglhelﬁéct %% ts&c%u thciaé ori Bound protoporphyrin materials may
not be sufficiently effective against bacteria to be of effective use when attempted in
the manner discussed in the article. Further tests have shown that when the
protoporphyrin materials are bound to fabrics as disclosed therein, that there may be
an insufficient amount of singlet oxygen generated due to lack of effective exposure
of the dyes to light to be fully effective against such bacteria. Thus, although it is
known that protoporphyrin and other like dyes can be effective in a free form when

exposed to light, and in that form generate sufficient singlet oxygen to be effective
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shown in the past to be able to inactivate many
One system used against viruses involves photodynamic therapy. Photodynamic
therapy in .general has been shown in the past to be able to inactivate many
enveloped ‘viruses, including HIV through the production of singlet oxygen, Ag. The
mechanism of inactivation of enveloped viruses with the use of Rose Bengal or
hypericin has been investigated and it was found that singlet oxygen crosslinked
protein G on the surface of VSV, thus inhibiting viral fusion. A similar mechanism
inactivates other like viruses. Virus inactivation is proportional to the intensity of

light used. Both materials are known to produce singlet oxygen on exposure to light
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groups. The dyes are further characterized by having the ability to absorb light in a
predetermined spectrum and intensity range to produce singlet oxygen in the
presence of an oxygen containing atmosphere in an amount effective to inactivate

viruses.

In a preferred aspect, the dyes are at least two different dyes, and more preferably
three, each selected, to be effective in generating singlet oxygen when exposed to

light of a different spectrum range from the other dyes.
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addition, by substrate is nmeant at |east one
Yet still further, the invention also relates to a method of manufacturing such

articles.

In a yet still more specific aspect the substrate can be fibers and fabrics, as well as

other types of surfaces.

For purpose of this disclosure, it is noted that term “attached” is meant molecular
bonding, coating, impregnation, adsorption and other forms of attachment as will be
apparent to those of ordinary skill. In addition, by substrate is meant at least one
fiber, a fabric, or other types of surfaces such as walls, wall coverings, paper, paint,
plastic, non-woven fabrics, etc., and generally any surface to which dyes described

herein can be attached as will be readily apparent to those of ordinary skill.
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illustrating virus inactivation by a nylon fabric
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Figure 2 is a graph illustrating virus inactivation by a nylon fabric having

poly(acrylic acid) attached thereon, and a fabric from example 7.
Figure 3 is a graph illustrating virus inactivation by a fabric having azure A or Rose
Bengal dyes attached thereon; and

30 Figure 4 is a graph illustrating virus inactivation by a fabric having acridine yellow

G attached thereon.
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25  generate singlet oxygen, which has been shown to destroy certain microbes. Since
the photo-active agents are organic dyes, it is possible to simultaneously match

specification colors.

As already noted, there has long been an interest in the development of self-
30  decontaminating treatments for hard and soft surfaces that do not contribute
significantly to weight nor require transport or handling of decontaminatibn

supplies, as well as which have zero toxic effluents. As described herein, a self-
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25
In accordance with the invention, there have been developed light activated antiviral
_ materials, LAAM. These materials absorb visible light to convert oxygen from the
air or dissolved in water to A; oxygen. LAAMSs have been developed for treating
individual fibers, yarns, fabrics, particles, or other surfaces. In one embodiment,
30 protoporphyrin IX, (PPIX), and zinc protoporphyrin IX, (Zn-PPIX), have been
chemically bonded for example, as discussed in the aforementioned article entitled
“Grafting of Light-Activated Antimicrobial Materials to a Nylon Film” to the

surface of nylon films and fabric using poly(acrylic acid), PAA, as a mediator



materials, LAAM These materials absorb visible Iight
to convert oxygen fromthe air or dissolved in water
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25 dy gn P,t%é) HS clergqc zfqugtn%t rcégsttt\t;v%t an]:iI pr}gfepa%i}‘;’l thsl’rgei: Ei?e%l ate le%%yed. The
dyes are selected to cover the spectrum from near infrared to UV light to thereby be
effective against viruses in all light conditions. If only one dye is used, dyes having
the previously claimed basic structure are employed because of the high and
unexpected level of effectiveness against viruses which was not found with other

30  dyes. In amost preferred aspect the single dye is acridine yellow G. Of course, the
dyes having said formula, including acridine yellow G can also be combined with

other dyes to cover the full spectrum described.



Furt hernore, LAAMs covering the entire range of colors
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Pr aheResRkHY 1.AAMSfabFicRfas tested for its ability to (1) produce A; oxygen , and

(2) to render various viruses harmless. Each of these tests is described in more

detail hereinafter. Because of the hundreds of dyes that are known to efficiently

produce A, oxygen, there is no undue difficulty in accomplishing this task.

Dyes with high quantum yields for producing singlet oxygen may be selected from
reference literature. Dyes known to have a high singlet oxygen quantum yield
include the porphyrins, the fluoresceines, the phenothiazines, the xanthenes and the
phthalocyanines. These dyes cover nearly all of the visible spectrum as well as the
near infrared and the near ultraviolet. The dyes are selected based on the ease with

which they can be grafted to poly(acrylic acid), poly(ethylene imine) or other

10
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25  tetracarboxyphthalocyanine, Ge tetracarboxyphthalocyanine, 5-amino-etioporphyrin
I, chlorin €6, as well as the zinc and aluminum derivatives of the above listed
porphyrin and phthlocyanine derivatives, or other dyes that will be obvious to those
skilled in the art. In addition, many other dyes that generate singlet oxygen upon
illumination can be used provided that they can be attached to the surface or to a

30  mediator polymer.

In addition to the above dyes, as shown in Figure 4, acridine yellow G has shown

unexpected efficiency in virus inactivation.

11
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showing manufacturing and use of specific embodiments of the invention for

inactivating viruses.

Example 1:

Virucidal activity of Zn-protoporphyrin IX (Zn-PPIX) grafted onto nylon (pieces of
cloth, size 1 by 1 cm) was tested against infectious vaccinia viruses. The Zn-PPIX
grafted nylon fabric was made as follows. Poly(acrylic acid) (PAA) was dissolved in

water at a concentration of 1.4 g/L. A piece of nylon fabric was immersed in 35 ml

12



m cobi ol ogi cal | aboratory and does not require any
special containnment facilities. 20 In accordance wth

wWo b@7itmsenti on, it is effective agai nst Yersi nPEI/US2006/043919

10

25

30

pestis, yellow fever (for the flavivirus encephalitis

vi 5f%fssgdlutﬁinnq6'1ﬁ]f 4t 5ﬁ‘§ dRLP Q&uﬁ%ﬁ UP 4€ c@(’ﬁﬁﬁ‘tﬂ& S1,3,5- r1]:r1az1n-2-

ectl O S VITrus COfO di sease SUC
aSylMRﬁéthﬁlnd)rphn‘lmmﬁlahlmm @MUYING was adideshl(30 g/L). The solution

pat hogenj c n| hen V] ruses 2 ving .. . .
de‘é’@sr BeRd e‘? EQfeﬂﬂﬁoB’h e %l?rlﬂ W?/S ﬁaof?'a Iﬁ\ﬂoﬂﬁloﬁ’r ginsed with

‘Eh&d € Fabri O ¥h B haR B A ag&ﬂéd BitoadRGubmee. Mext, 0.1 g of
speC| I c enbodi nents of the inven

i nﬁthiPWX,t 0.2 g ofiDMIDAM, Exchh@l) gL bf ehPlene dwudaiwemzdlswl\teﬁ in 120
Zn- pr ot op phyr (.Zn- PP rafted on .

2 LGB LY R0 PRS0t B0 o i

fvg f)llgeﬁgﬁn\{ﬁﬁ %aﬁ:‘tl@n Yﬂlf(ﬂﬁ@e %xcgﬂ%oﬁiﬁoﬁ) R¥aX sq&fe@éd &8 and the fabric

roc was made as | ows. Poi‘/tacrllcamd
( Pmed avalscwted sbl A fon 40vmtmntesaffha rm mgnZIr-BPDé mylom fabric was

1508185088 57 sl ol b @Al 135 BT RS byf Byt om by

101 Eced PoradORMSacEiOty tdstiflg. Of
6lﬁd| met hoxy- 1, 3, St%drlgg]%n 2-

yI ) 4 nmet hyl nor phol i niumchl oride (DMIMM was added

(2 Q t: r I

{ nEofti bl (UL SvactiEin U5 koo bR iladfactePbfuscd. This
wahshy fsbleltd détern'ﬁhe hbabinagy frfectiogs padicRékemniaf dfted LAAM light
onto its surface. Next, 0.1 g of 5 Zn-PPI X, 0.2 g of
DMFRAWReRind 100 L of et hyl ene di anine were dissol ved in

120 nmL of water and stirred for 30 mnutes. At this

poi nt, the PAA-grafted nylon fabric was placed in

t hBSC|49 aells werenised.u e Bllowng sswples ivorre testeds e virus stock

m agg&ﬁqj)e@v,%g rg%qfetdl tﬁgirzﬁng?rﬁatﬁé ?ag)ﬁlcf %%?ng c&grruds'%lone 3) 20ul

obhaASH nfMiL \saRpIea e ilhgindRidefor t30 lﬁw RE %Y, ooﬂim@c 4) 20ul of

fabric was then cut into 1 cm by cm pi eces

anvirys sta¢k e ZinvfREX t@@qd fﬁ@ﬂc RS lqentematbg é’wrbthh wgapped in Al foil
ef f ect o ac | a

u sd%d gy ‘é@%{y é &éﬁgxéf%rg Pirrhfe%‘éelahoq'% %ﬁ%e%ﬁfecnon

i nﬁﬁﬁiﬂnﬁb@s Péhoved] eéllsf ‘ﬁaiﬁlsralﬁéd, and kAAMirhbaghif plaques was counted.
treatment. 15 BSC40 cells were used. The follow ng
saReswlts ajpascollewsied: 1) 201 of virus stock
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Wash media alone — no plaques

Example 2:
With respect to bacteria with light exposure as described above (Light at 60,000 Lux
and Zn-PPIX treated fabric), the grafted materials were somewhat effective on

Bacillus strains.
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cereus strain by BGSC code 6A5 (original code:

10 ATdcrahyo) cmdpisessi gft i AAMs (Wylon,t RRIX, iand | Zo- BPIX)ywere immersed in

st raj f B cer aci,l.] us thurjnginiensis, BGSC.
o SR i 4D A thifPongOSid G0l B, Sovry pigtisht was
t ypeungstendb@p. Wglitestadtytubde 50,600 L dithid: havdaPBifett on spores.
treat%d fabric was _able to inactivate Bacillus cereus

andt 80000k xgfeing the SPopimgte expgaas only LoafiiXpirenied fEabric had an

i i | . . .
USRS B 4050 L perf o SR, SHEPIESS bauce vl
15 f r eegetaiyercellgiand fionnsttABSAB W3, BYYs.a00nirblesulierdd a6ezel 1f0in the dark

i AR e 55 10 il e
SPef & sports. PPDOAN dyidn B Fiffed b8e? Qnﬁ»&‘é& &t OUIIALE

only Zn-PPI X treated fabric had an effect on’spores:
20. 16% of spores of strain 4A1 was able to produce
Vi vegetative cells, and fromstrain
GAggégp%}% Control cultures were left in the dark
20 f oCeteReSupadrEHRNPURBONAE] tr%m o8R0 (DuFse) Witk aHakis Rkt of 45
er

any reduction in the nu
gsm.

2.0 g of poly(acrylic acid) of molecular weight 450,000 was dissolved in 500 ml of
water. The ‘nonwoven fabric was pulled through this solution and squeezed between
padder rolls to a wet pickup of 135% wt/wt of fabric. The treated fabric was allowed
25  to sit for two ‘days covered with aluminum foil to prevent water evaporation, then
rinsed with fresh water six times. Next, an aqueous solution of 4-(4,6-dimethoxy-
1,3,5-triazin-2-yl)-4-methylmorpholin-4-ium chloride, DMTMM, consisting of 0.41
g DMTMM ‘in 250 ml water was made up and the treated fabric pulled through this
solution and squeezed to remove excess solution. This fabric was allowed to sit

30  covered with aluminum foil for two hours and rinsed 6 times.
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of the spores. PPI X and nylon had limted effect on
spores at 60,000 Lux. Exanple 3 20 Cerex Suprex HP
w@puwiboisded nyl on nonwoven (DuPont) with a basPGI/vei0061043919
of 45 gsm 2.0 g of poly(acrylic acid) of nolecular
weiExampldbd, 000 was di ssolved in 500 mMl of water. The

gl Bl oS bbb o
Wt Iefiowd. of BB oéan AdA8ink" Wjﬁfaiprd 564 ‘S%%; I\kﬁpﬁ\i vge§e Hﬁtsolved in

sit for two S covere um n 0 preven
wat2ép mllaﬁcwaamﬂ dhe fabmm of ekarapld nivids Iflﬂkedhhmhrth@ solution and

5L g e e SR ! T S MELSEL s o 24

DMEMMs R&Shsdd 1haaf a 94 lﬂ-&nt 11%%1& NUgreleotéd d Aicted b
made jp and I!tiihe traeaetletij fab% c pulled thrcoughg)ﬁf@t‘,%lrs clecd by

solrimsingngihed mgteeesdeniwasobserved i dremsswateruti on. This
fabric was allowed to sit 30 covered with alum num
foil for two hours and rinsed 6 tinmes. 14 WO

200 kAhp#SsH3 PCT/ USZOO6/ 043919 Exanple 4 A portion of
the fabric made in anple 3 was treated with Acridine

10 Ye A avtignaf the éqthrev@ad@ Imgsalgpl@ﬁ mes itigried wigh AgwreGAaasdfollows.
?%a%r I'C AM%@ @%é was pu ¢ eﬁrﬁ%sgwﬁd?% 2§@m? of water. The

Solfahrlccnff aathphe éxmslmlledshmqgﬂe ehzlse golatién bﬁd BRERRSs Wiﬁl d§licezed out

The C allovve to sit, for 24 hou
i?F‘é‘GBB ﬁ’aﬁi‘{efﬁ "arwa W&n‘vasyaj lomsd te sit Ser Z‘Uﬂ‘i"géc‘}thé@uﬂf}lélt had a

wa

Do A PLRE, Den b Sh D g (PP WAL W ore splor was
15 t hebseatnd io theadseiwat@ixanpl e 3 was treated with Azure A

as follows. 0.231 g of Azure A and 0.329 g of DMIMM

were dissolved in-250 mM of water. The fabric of

ex@xmhpled was pul led through this solution and excess

was squeezed out ~between padder rolls. The fabric was

al Poprition of dhe fabsie from @@mlw arasuprated; withRpse Bepgales follows.
bl Fﬁftcﬁlogé' Ben g&f % 8&%‘5’%@ t ! act F ﬁke}gﬁ g&clgup 5'téyn(%ssolvmg 0.47

or was serve
20 vvagd{ose EB(fmgp]I & Dml of ethylene d1am1ne and 6 ml of water. This solution was

refluxed for 30 minutes, and rotoevaporated to dryness to remove excess ethylene

diamine. The product was a deep red, viscous liquid.

Then, 1.99 g of poly(acrylic acid) was dissolved in 500 ml water. The fabric of
25  example 3 was pulled through this solution and squeezed between padder rolls to a
wet pickup of 135% wt/wt of fabric. The treated fabric was allowed to sit for 30
minutes covered with aluminum foil to prevent water evaporation. 0.346 g DMTMM
was dissolved in 250 ml of water and the fabric was pulled through this solution,
excess solution squeezed out with a padder and allowed to sit covered for 30
30  minutes. One half of the Rose Bengal amine derivative was dissolved in 250 ml of
water, the treated fabric pulled through this solution, excess solution squeezed out
on a padder and the fabric allowed to sit for 30 minutes. Next, 0.16 g DMTMM was

dissolved in water and padded onto the fabric as described previously. The fabric

15



A portion of the fabric from Exanple 3 was treated
with Rose Bengal as follows. First, Rose Bengal was

walerraasiyed to add an am no |inkage group by PCT/US2006/043919
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di ssolving 0.47 20 g Rose Bengal in 2 nml of ethylene

di @Q%%?ov@éﬁdtoglt'?or 3h n’ﬁﬁﬁﬁg tha_rhhﬁseﬁ%ltﬁ 'wﬁfér Wafl A& Rlrthee dolor was
for m nutes, and rot oévapor at ed dryness to
remnmﬂmahsswatdnyTlmrteeatadlfameas p‘ilnb product was a

deep red, viscous liquid. Then, 1.99 g of poly(acrylic
acid) was dissolved in 500 Ml water. The fabric of 25
exppphfled Was pulled through this solution and

squeezed between padder_rolls to a wet pickup of 135%

wt Avportien fofilshe EabriTthizomBrample Bawas treated veith BeesiBengalj Acridine

tes covere h n I
wed o shysBi aen A G St B AR O bRl oshs 65155y amine
M d&@ivaniaé descaibed tih Exbaid § ales Wwith! (!30l49t hreoAgtret Aj snd 0.051 mg
sol uti on excess solution s ueezed out with a padder
AnACHIng Welowds siere disbteddnPaf MG NG nut es. One hal f
of the Rose Bengal am ne derivative was dissolved in
250 mM of water, the treated fabric pulled through
t hThers dl.9ft goof, paly@estic seid)t wandisspheslz md5@um] watem The fabric of

adder .and the fabric allowed.to sjt for Omn
ﬂesefam e $avas Tolie gt thi SUBHPbRRY Sriggios, ea‘ﬁ%eﬂppfgﬁ%rJolls toa
V\Of)ﬁﬁu abr B soast/AeSE iR TRE QMaRdStbric T afllé%ﬂ Qo sit for 30

2007/ 114843 PCT/ US2006/ 043919 was al | owed
S| mllﬁu:ﬁCS &G ered witheal pmirtvam foil ﬁospe@vewt whtenexaporation; 0. 3%g DMTMM

furth 0 rinse wat e

t r Was ggs&ggc? ﬂ%mgﬂpﬁﬁ\l\éate fla I WRS 6)0 rle Tlﬁgggh }HS solution,
f abgdess k61RALIsGIRIZEd Durasith raepetdaer whd hliBege tBegigabvered for 30
Acridine Yellow G and Azure A dye m xture as

fommms Noxé hi6 mgppf INTREd evase ﬂtaﬁhﬁ@m%fbﬂwa?hu%n made

SCSRISED 48 AR 0, B AORERTR) 585 s it v

m scﬂﬁtlmte&éess Zk@luﬁbﬁ @quebz&Dog cﬁf a paxldp( amd yﬂa fabrc laﬂéwmm sit for

di ssol,ved in a‘t wat er . exa

wadl punytey ﬂeqﬁlrreﬂf@ Wity ‘§at§row ?ﬁ:’f 09 é’%"fé& %&%EHS@ water.

paq'ﬂﬁrtretd{%ld ﬁ?r ©“hfd a l‘ﬁ%ndﬁf &HHP Iﬁflatéﬁésﬁ%g it Was 8btefl @ kife acridine
treate abric was allowed to sit for 30 mnutes

coydicwda/dldho‘eattmhnumfml to prevent water

evaporation. 0.346 g DMIMM was dissolved in 250 nl of

water and the fabric was pulled through this sol utian,

15pe¥mpRY sol ution squeezed out with a padder and

allowed to sit covered for 30 ) o . .
Zinc protoporphyrin IX was converted to an amine derivative by dissolving 50 mg

of zinc protoporphyrin IX in 20 ml of dimethyl formamide. To this solution, 10 mg
of ethylene diamine was added, followed by 9 mg of N-hydroxy-succinimide, NHS,
and 46 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride, EDC.
The reaction was allowed to proceed for 24 hours. During this time, poly(acrylic
acid) of 450,000 g/mol molecular weight was grafted to nylon-6,6 fabric in the form
of a bridal veil as follows: a two inch strip of nylon bridal veil was cut. Then 250 mg
of poly(acrylic acid) were dissolved in 200 mL of water. Next, 0.05 g of DMTMM
was added to the solution and the bridal veil was pulled through the solution and

excess solution squeezed out. The fabric was allowed to dry in air over night. The
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m nutes. Next, 0.16 ng of DMIMM was added to the m xed
dye sol ution nade above and the poly(acrylic acid)

wo e@ated43 abric was pull ed through the m xed dRE€I/US2006/043919
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sol ution, excess solution squeezed out on a padder and
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hy%ﬁg@é;ggé ggﬁol It rfgbr-f&eto_r\?lﬁ‘éﬁ HRIiNEASt GlygeNBehdrRing dyes can be

proce During this tinme, "poly(acrylic
acatthrhaf, the50]16@heylistobsiomprevides pdditipagldeiads grafted to
nylon-6,6 fabric in the form 30 of a bridal veil as
follows: a two inch strip of nylon bridal veil was

C Uy o1ihBRiAg %?95 ol theB Ok KaBEN! diseoRered Xhates Bertbral Sk sataces of
in 200 nL"of water. Next, 0.05 g of DMIMM was added )
t ompiepelymets kave denifevhesagsivedzpursdpatiaels the singled oxpg geerating

th ti . | i P
ool ko8 his UG5, 3 lie s SRRl il T Bumer
WO.RRAK¢ 4 1486 JubBE UB20061043310n be sitdchel. fEdrrexempies nylon 6,6

then rinsed with water three tines and dried. Fi ngl lé”b I
t heontaipn PRl TWoRISAFIEVS BISURS/ARI RN lp, 4thamio,group and a carboxylic

Cot. haar.i . '
B T Ty
anthoSewlkdsd nidmnies tohs effbetive. Bqweesrepoly@erdicnvis) escbseovalently

T s IS b e Wi
f %éié??@?}llﬂ@y BtB'E-f bepRke P&gdemaiﬁrhy\rddat%‘eaéﬁo@ﬁ in each repeat unit.

mat er i W respect fo polyner fabrics to which the
si s tusingympdy(acrytie aaid) mgd dpealenthhatiashing: it 4e Heainylpn $,6 surface

foll owi ng discussio rovides additi '
A BB Ryt A AR 4oty oo
t hakitable @RRRIAldyes i@ therl bageshaf to thesyfipelaynmcls highwelevels than

too few reactive groups to attach the singlet oxygen
gemathaut thig surface site amplifying polymer.

In picking a polymer, it is important to note that in cellulosic polymers, the
concentration of reactive groups on the surface is adequate so that the surface site

mediator or amplifying polymer is not needed.

For each polymer the surface site mediator or amplifying polymer must be chosen to
contain reactive groups that are capable of reacting with groups on the surface.
Reactive sites commonly found on the surface of fibers include hydroxyl (~OH),
carboxylic acid (—COOH), and amino (-NH, or -NH-) groups. Other groups may
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dyes. To overcone this difficulty, a surface site
medi ator or anplifying polyner that contains a |arge
woeoenet48ad reactive sites can be attached. ForPERESPLE)43919

nylon 6,6 15 contains only two reactive groups per
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r xy car oxy

15( Iislbl%r(wryhd\ﬂthd) 16} RldPiing tHehNHZQgTOﬂl{DSn Deyire A?wivma ~COOH group of
2007/ 114843 PCT/ US2006/ 043919 . al so be present or. _can
be thed pely (R@Ylih ecid)r feped Byt O fyfosiface sitfogmplifying polymer

sk 'cMn%Hlajlenst &ﬁ ald e used’ Ca.lg g‘?ll r?)Ie ABIBub {oe&{erﬁ‘)ﬁﬂ%d in the art.

UV-activation, corona treatnent, and etc i'table
surface site nediator or anpl i fyl ng polyners include
pol ethyl ene i m ne

poII é\% @ :clmgqag)g I‘i‘d)Ie?Ctlvﬁ cﬁv{%}rbﬁt cangjof Wrc’f alé%(:ﬂy with the surface site
20 po'rﬂefd%t&%@iﬁ%lﬁ’?mg%llﬁhé‘r (ﬁ"iﬂé’ﬁél&ﬂi@? surPééE}’a{ Yo linker molecule can

phenol ), hei r copol yners w t dy ene,
pr @gtlb@rc@valpnﬁu hemdqdafcurrqunple( mwtbwrdyte Hewedb by kpvalendly bonding

t can, be att.ached to se .surfac
<1t Baiel gy B G i R a5 el S Qe e
of ofdér bAbbrdifg GaPBe f&%fsb@ Sﬁi}z’l@ﬁlat thetliiker Mdldculéeean first be attached
functional groups_in the surface site

lif
polt%bérsur s sitgampbifng polypner o6 Hhe Aok mgy sa%p I ﬁ@weql By govalently
25 Cali\ink g iCRViRt 8 gé l'%lo tﬁgﬂgﬁq{nﬁ(& 1‘38{ E\glg(‘sflé’ﬁlﬂ $aRE bR oPMore groups that

formng an am
can be covalently linked to the dye and one or more groups that can be covalently

linked to the polymer surface or the surface site amplifying polymer. These groups
may be different or they may be the same. The choice of linker molecule reactive
groups will be obvious to one skilled in the art. For example, to attach a dye that

30 only has carboxylic acid reactive groups to a carboxylic acid based surface site
amplifying polymer, a diamine, such as ethylene diamine, hexamethylene diamine,
etc., can first be attached to the dye molecule followed by attachment to the surface
site amplifying polymer.
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carboxylic acid groups of poly(acrylic acid) and the
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pol y(acrylic acid) by reacting the NHa group on Azure
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optim zed under solar, tungsten |anp, fluorescent
light illumnants and anmbient |ight and/or |ight
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n suc case, at [ east two es rray e used
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exposure to light as |ow as 500 Lux served to

i nactivate at |east 99% of viruses exposed to singlet
oxPyeragisneombiutions arbyptinized 29 cambespdeistdod Bhgne of ordinary

S;]élglﬁt b'C5 a&pfl()} gr%} cl?arﬁgesaﬁlrt'hg dY&s' %@Jléfl%}gén AachhBf to the carrier.

The dye -carrier combinations are attached to the filter media surfaces. The
conditions for attachment are optimized to: 1) maximize singlet oxygen generation;

and 2) minimize changes in the air filtration performance.

The invention results in a real world environment application by resulting in a mask

that inactivates influenza virus.
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20 OX¥iERly By %@uﬁigﬂﬂwdgm@ cERBInRaRE aﬁiﬂeas&mﬁnmg $188ps to drive off

surface of nylon or other materials as obviouS to one
s kwateédT hig approaelt is wpsil g prasluce bidhensqafeppuads of polyamides annually

T N At e s
t odpal ydrebb W&l attached to poly(acrylic acid) using this approach and that
poly(acrylic acid) or the dye-modified poly(acrylic acid) can be attached to nylon.
25 |
Specifically, Azure A is grafted to poly(acrylic acid) by dissolving both in a water
solution and adding DMTMM. After stirring for 30 minutes, the unreacted Azure A
is removed by dialysis using a Millipore Amicon Ultra 100,000 molecular weight
cut-off filtration membrane and a centrifuge. This retains any Azure A that has
30  grafted to 450 kD poly(acrylic acid) and pass any unreacted Azure A. A similar
reaction is performed by refluxing an alcoholic Azure A and poly(acrylic acid)

solution for 60 minutes and dialyzing to remove unreacted Azure A.
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erre di ment due to reduced chenical usag
ambsm@d:iun esdecrmlm of thet dyef andnthe lemissinndspectyu i dbe lightygpurce, and

h e@tﬁ Ip‘g'%flﬁ}%g PF@% |d Bgﬁng({%{] | %k %h grét%;;'l MetGR %aéﬂlio@l%g spitable dyes

roachi s
prﬁaehias tHefid Iieslgaﬁceqs d@gxua@tsorpiﬁa mbﬁmﬁmn@m oaygen, themdse with
is a commerci al vi abl e route. Recent efforts in the

| awbichitls dyei qaaib@@ﬂ@heﬁié@ thewerfaefy%il £95be readily

attached to poly(acrylic acid) using this approach and

that poly(acrylic acid) or the dye-nodified

DOFM{‘L&ﬁteW ithe émisch))n cpevtiaef ab]aa(thn@tdnoand/ﬂmresczﬁt light illuminants

Specifically, re, Ais grafted t I
oyaral Wb ko9 Y 1B Gdion Hheioamion spEriop AR Y foF single
%n%r&@tfch%h'}fa% Mder AbteRRingl o ﬁfanytd&llﬂétbﬁﬁ9te&dllable dyes.
I's renoved by dialysis using a MIIipore

AniFh@ abddipticn speCy06d Ripglst uxmenweiagwm yislds- aye feasily measured for

b P T i D et

aCiathr ARG RAHSs asbanient. 98 GHakioAZe avdilable ﬁdaam\ieasltes on many fiber
reaction is performed by refluxing an al coholic Az

A types prsl kroaay snd i imeisiplespatiprite gttpcdy theolyiss Fmilg‘ssua‘ﬁ"ae ortoa

20%Pﬁ?zlrlllﬁg%gﬁﬁéﬁf%g%%%gh@ﬁfgeeﬁg|aﬁ%gi \é\? oxygen is

required to inactivate viruses in accordance with the

i nventi on, IS essent i inize its production.

Th @hﬁfﬁﬂﬁ’i‘ﬁmgﬂs ashuphprexa i usﬁro Hl?c‘%en&’é’ﬂends upon

the absorptivity of the dye, the quantumyield of the

dye (anmount of singlet oxygen produced per photon
abdfudireDprbyt benimey &idnap MIDECKS cpithtdsdrostls ome spldered imi B‘ﬂlbecco s

h
oSt B S ROR R SGhh B B L o B . 100

f aglay %efu@ﬂﬁﬁ‘oéﬁﬁi' @) puinhlaftptatvien. MDTKIdR]LS hed grown in 75 cm?
resistance to degradation via reaction with singlet

oxpg]e's\tyretnh@e]é sulturgiftapks ati3i7 26 anthd % (-O2c hhess sclis flg)@ﬁ]g growth of a

to t eerasnléé fo %Ieurr?ﬁdvnlutsg's ﬁlgﬁfdlng VSV, Vaccinia, adeno and reoviruses, and

influenza viruses. Influenza A/WSN/33 virus (HIN1) are propagated in MDCK
cells. A/WSN/33 is a common laboratory strain. It replicates in a variety of murine
tissues and cultured cells. 2 cm? treated or control fabric sections is soaked in a virus
suspension of ~2 x 10° plaque forming units per ml then transferred to 35 mm cell
culture dishes. The dishes containing virus-soaked fabric sections are placed below
the desired light source and illuminated for the indicated length of time. Light
intensity is measured with a visible light meter. Following illumination, fabric

sections are transferred to 15 ml conical polypropylene tubes containing 3 ml of
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10 Fortunately, the em ssion spectra of solar,
tungsten, and fluorescent light illumnants are well
wopwrn14sm3 addi ti on, the absorption spectra andPCUES1006/043919
yield for singlet oxygen production have been
def LM A RivTE e ELd%d F¥R1bAB! &S0 ﬁelgla% viruses
absorption-spectra and singlet oxygen quantumyields
ar gomaheé f@brlﬁ&ﬁﬁlﬂh@mlﬁ‘leedmmﬁr dyes using the test
chanber and singl et oxygen anal ysis procedure,
described 15 later herein in this docunent. In
adgd 'vﬁLﬁend%< h@cti@‘i’t 1L %ﬁél?zécp%tséﬂ'zﬁ ki8R BYNFa0RAY of 10€The data is
types are known a sinple mattér to attach
5 t heepdstedas 0 t he surface or to a binder nol ecul e which
can then be at ac % Bas [face. I[he following is
a fct I _exa P)‘Fm erl‘i’ PaﬂPe O HAIAt | on 20
Madi n- Daf bgmrdﬁnoﬁuda@ed‘nm}mgm‘a)ﬁeebght@pvwe cells are
cultured in Dulbecco's nodified Eagle' s nediu ﬁwa
suppersrigris g g kild gotie é@raﬂmSc@wm@étr én%ogﬂ@l% ratjg g three Indicates
PeREigbloblp qﬁg VIR 941 1n§étfv§f&i %P%cﬁe? Iith ﬁ{eespemﬁed
grown’in ot poﬁ ystyrene ce ure asks at
37&;m§f1ke5E%lC@asu}'d‘1m3 ic pérlfmdptpmtlmeg andvbbthqfosalvz&ontrols and

wi de range of animal viruses i n&)@udl nlgl W gve l%gqqﬁ‘ ratios are

10 ad@?&ﬁ‘“&ﬁ §OoniEelyiarq used tosensure; that thefost
Hrﬂsaggl f&[w 3Bthekd Wgsek HE NiblerAiR RheiRad aa&lqatenplwa@ﬁon was

I's a common | aboratory strain.
r epramatl esingrthia approaeh.yA defquate miretectiani is slgisedharda log kill ratio of 2

ed cells ated or control fabric
é9 pHRact tg’&é\&éﬁ%réﬁﬂnﬁl P PROSYE  spensi on of -2 x 108
pI aque formng units per m then transferred to 35 mm
cell 30 culture dishes. The dishes contalnlng
15 vi Bperifie fiketiapplisationsswe cpupmpkates 35 pasaiblepior 3 Withanfluenza as a

deS| ; ﬁﬁj&:tfil?eiht WY rdﬁ%to%n q‘oi[ﬂ)\!v% %t &ﬂelf ogslﬂg |Jb§iﬁ§ﬁfo‘ﬁg of the

ens IS nmea

Vi ﬁi@h@oﬂd@bﬁbgﬂe@an Fol | owi ng i I lum nation, fabric
sections are transferred to 15 nml coni cal

pol yphopy!EHerst ubes containing 3 M of 21 WO

2007/ 1148%&@%@2&@@4&43919 serumfree DVMEM The

tubes are vortexe 10- 15 seconds to rel ease
20viruses foffice biddiagsbri c into the culture nmedium The

virucidal actjvity.is analyzed by serial dilution by

factors ofhofﬁlalsﬂ‘%‘ddata is 5 reported as N = loglo

Initial nuthess edviphigede formng units

2) Masks:
25 military
homeland defense
NIH “pandemic™
international; and
retail
30 3) Furniture and furnishings:
hospital waiting rooms

hospital operating theatres
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Nurmber of plaque formng units after |ight exposure
where Nis the "log kill" ratio for this treatnent. A
wo om7Hi4sk3 rati o of three indicates that 99. 9%Cf/US1986/043919
viruses are inactivated by that filter nmedia with the
speci fied waxpesure. Each neasurenent is perforned ten
times and both positive controls and 10 negati ve
control s agheirssed to ensure that the test is valid.
The | og kgi rauéger conpared for each of these
cases to P et her adequate protection was
obt ai ned uﬁnngyhmﬂﬁnﬂggh@ach Adequate protection is
defined as a log kill ratio of 2 (99% i nactivation)
Safter 30 nalmafégabé&wwﬂ@y and WaHecOVeTIRESt i | t er
applications are contenpl ated as possible for use with
i nfl.uenza as a personal filter. In addition,
f oﬂ-la@lﬂgrlguﬂde‘scnbéththepnsaitlbhEin dptaili ttatillosesbaifer tinderstood from the
i nvention describe erei Fllters hone HVAC
sy 4PRSRge ol e Ch il oA 8t gy i‘?o%‘ﬁ’r]ﬂ‘&} DELHPT 5j rcraf t
cabin filters. 2) Masks: 25 mlitary honel and
defense N H "pandem c" international; and retail 30
3) Furniture and furnishings: hospital waiting roons
hospital operating theatres 22 WO 2007/114843
PCT/ US2006/ 043919 wal | paper chairs day care centers;
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mlitary unifornms; and 5 aircraft cabin uphol stery and
wal | coverings. Having thus described the invention in

wa@ledodili4s4it will be better understood from t hePCT/US2006/043919

appended clains in which it is set formin a

" nop-limting manner. 23 WO 2007/ 114843
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PE1#%2006/ 043919 Clainms What is clainmed is: 5 1. A
nmet hod of inhibiting growh of viruses, conprising:
attaching an effective anount of a dye, selected from
oNéhayis ¢laimediiie dyes and dyes containing reactive
functional groups, onto a substrate, said conposition
of said dye being further characterized by having the
abi | it W iethdbd ofihthibiting gxplwtth bfivisuses,edapesmghed spect rum
and intensity range to thereby produce singlet oxygen
in the presence of an oxygen containi ng at nosphere,

upon absonpid o efbctlveHthoun® oF@l dyePha@t® fivnnete of reactive dyes
spectrumrange, In an anount effective to inactivate

Vi r usesndhdyes | comtainingc reatties dwnationala SEPUPSN OB jan gubstrate, said

viruses to he inact.ivated. w ' : i 13
cai d peBenpen P Fon CemereduihE R b, BY BalRY fidabilicy t
of 0XygehrBNehhtiiahd phdliefithed pypecieirar midnidersppatingento thereby
and intensity range. 2. The nethod of claim1, .wherein h
sai d dyeodusasingles oxygen| inabe PiesRRcaof AR PEYECN Gppkaning atmosphere,
having a spect 1L Jy - | ' §,iRBh amount
the. of HoPB apETPUT Silidth 3 tei PR AR ShchRiPRg

met hod ¢@feciveomhdciivito efixies elindn dymtacidhegreivithsang | east

three different , dyes, each having a_spectrum of |4 .
absor ptaosfectng fuFsat Pr gF’n fnﬁétlYﬁt‘ﬁg it osa“ée ? PRFE héllhg said
singl et GX¥G&ln #feta hBRIITHE ARApREert adfMdygenhmtelight in said
said dye contains a reactive functional group

conpr i geedepdrmimed spasttunoard E¢nssy ranggr boxyl i c-,

hydr oxyl -, al kene- and thiol. 5. The nmethod of claim

1, wherein said dye is directly grafted onto a

supstrafig mdfhoBTRIAIREY, Whe@l bail @ye wofpbisessat least two different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

3. The method of claim 1, wherein said dye comprises at least three different
dyes, each having a spectrum of light absorption different from the others to

generate singlet oxygen.

4, The method of claim 1, wherein said dye contains a reactive functional group

comprised of at least one amino-, carboxylic-, hydroxyl-, alkene- and thiol.

5. The method of claim 1, wherein said dye is directly grafted onto a substrate

comprised of cellulosic fibers.

6. The method of claim 1, wherein said dye is attached to a mediator polymer

which is attached to the substrate.
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6. The nethod of claim1l, wherein said dye is attached
to a nediator polyner which is attached to the

wastate. 24 WO 2007/ 114843 PCT/ US2006/ 0439 1BCT/US20061€43919
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met hod of claim11, wherein said dye is selected from
at | east one of . xant henes, phenot hi azi nes,
fluorescei nes, acridine dyes por phyrins,
pit hal oiheamethed of aditar hcwhercilesaid dye vsese;lected from at least one of
anthraqw nones and .conbi nati ons t her eof.

hengss cIP ngl‘ﬁt azZiffffer o PHOLSFHRy |a§n%llpel el S onep ogphyrins,
R hes, ahfkRBhdderRaHl &, dhthAghindhéseand&oh®ivations thereof.
pﬂ%‘t gg%?gﬁyﬁsi’n 5] e|cr)r ot opor phyrql n I X and Zn
pr ot opor phyrin IX 10 9. The net hod of claim 1,

erei alds bstrate,is ea ]
“hod ﬁ]o‘if[ clie el Rergg)l %a@ dlggtq rsaE é@“‘?@%‘e g’ Pg{o:@%engal
1khiohhe AfﬁfehRdA@ﬁdﬁé Fiellow, G, Wi porphgiah 8X sAbptotapephyrialX and
surf acé. 12. The method of claim 11, wherein said

SLZIfHD@pOS}ﬂemmeIKr filtration material. 13. The nethod
of claiml1, wherein said dye has the foll ow ng basic
structure: RRRNR 20 where Ris a hydrogen, a
hyglr oxythe ethad BO¥lyin ¢, whérdin said sabiiydte iseet least ons fiher.a
substituted am no group or other group; at |east one
of the R s being an am no, hydroxyl, carboxylic acid,
OTIE! hefhd BEEbl YPlInR Y Pwhdrein’did TG AEishombas. cl ai m
13, "wherein sal ye I's at | east one of proflavin,

acr of lavin and acridine yellow G 15. The et hod of

200%’?116‘11&‘8‘3’? g‘fﬁ%%o%%%&h’%@a r“lbd‘é‘”‘qee}i%e c| e of2 °

manuf act ure capabl e of inhibiting growh of Vi ruses

conpri si ng: ) .
12. The method of claim 11, wherein said surface is an air filtration material.

13.  The method of claim 1, wherein said dye has the following basic structure:
R \

/ O
R N

where R is a hydrogen, a hydroxyl, a carboxylic acid, an alkyl, an amino or a
substituted amino group or other group; at least one of the R's being an amino,

hydroxyl, carboxylic acid, or other reactive group.

14.  The method of claim 13, wherein said dye is at least one of proflavin,

acroflavin and acridine yellow G.

15.  The method of claim 13, wherein said dye is acridine yellow G.
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a substrate; and an effective anount of a conposition

of a dye selected fromat |east one of 5 reactive
waely@s/ 184843 dyes contai ning reactive functional PBCDURRN6/043919

attached to said substrate, said dye being further

Chir act gl i 2edePYrN ihifchine @z%hll)l_bt Yf t AhERERS Poroitl®@héf viruses

in & predeterm ned spectrum and intensity range and to

proodhipeieingt ngl et oxygen in the presence of an oxygen

cont ai ni ng atnosphere, upon absorption of |ight of

sai d prae%‘g‘ﬁtéqi?ﬁq‘?gd spectrum' and intensity range, in

an anouplefrebBve kB oft dodnpoRRhiofah dyy keleced froheat least one of
proximty thereto. 17. The article of claim16,

5 wher ei meactivd dygmansioliss icertgining reeciive fimgsionplrarayisy pitached to said
dyes, Zﬁﬁ&ra&%ﬁ%@%g% (?feﬁn%fﬂslftﬁ%] c%grakfegig{;d ﬁyﬁﬁ’\;i{?% {1 hbility to absorb

differ generate singl@t oxygen.
15 18. jihe i@ﬁ?k&de&nﬁfnemspédﬁuhﬁand/\hmmityl ramecindyte produce singlet
conprises at _least three different . dyes eaﬁﬁb havi N orpti

a spect®ygenin the @rﬁse%p@ﬁ@amﬁsﬁncﬁopfaémﬁaﬁfnﬁqsa IEpgpon absorpion

Others Oy Rfehit froibBEkd KA okl imhéhsitf Ming, bh GhGmount

of claim wheret n sald dye contalns a reactive
10 funct i cgfddctige tuipactbatgvinsedwhdén iatproxiasty theretoani no -,

carboxylic- hydroxyl-, alkene- and thiol. 20. The

article of claim16, wherein said dye is directly

grpjte LRich Sthsid 3k ewh&RPsid e@yeOfoniidesllap dast two different
figfers.dﬂ%g Zf. The arti cfve of cl aiﬂwy16, 1\%\Hl/herei n sajd

dydyess eadlt heting & spectmulioftlight pbsguptien different ifiom the others to
attached .t g,let he substrate. 22. The article of claim

168°DRHET HPECEAPEYye i s selected fromat |east one of

15 30 xant henes, phenot hi azi nes, fluoresceines, acridine

dyes, porphyrins pht hal ocyani nes, ant hr.acen .
det B al Thostticknehsladuil AoRBereanEd SibeRRPTISHS s} gpe different

23, The_articl f ' : i ' tiRe |
230y 03 8, Lr U S A e e
PCIédprO0iasRA9%8n . 24. The article of claim 16,

wherein said substrate is a fabric. 25. The article of
claim 16, wherein said substrate is a surface.

720 19. The article of claim 16, wherein said dye contains a reactive functional group

comprised of at least one amino -, carboxylic- hydroxyl-, alkene- and thiol.

20.  The article of claim 16, wherein said dye is directly grafted onto a substrate

comprised of cellulosic fibers.

25
21.  The article of claim 16, wherein said dye is attached to a mediator polymer

which is attached to the substrate.

22.  The article of claim 16, wherein said dye is selected from at least one of
30 xanthenes, phenothiazines, fluoresceines, acridine  dyes, porphyrins,

phthalocyanines, anthracene derivatives, anthraquinones and combinations thereof.

23.  The article of claim 16, wherein said substrate is at least one fiber.
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5 26. The article of claim?25, wherein said surface is
an air filtration material. 27. The article of claim

wagg7mseei n said dye is at | east one of Rose Benysi006/043919
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thionin, Azure A, Acridine Yellow G protoporphyrin

I X, Al protoporphyrin I X and 10 Zn protoporphyrin I X
28. The article of claim 16, wherein said dye has the
f ob4.0W The hgisicdflaimdbuvhereinRail sulbiritd s avfabrie. R i s a
hydr ogen, a hydroxyl, a carboxylic acid, an alkyl, an
am no or a substituted am no group or other group; at
| egast o : . el [ TaN ,
Doy i Hacledf il (bR Al DR SR
article of claim28, wherein said dye is at |east one

of .prof] avin, O0.acrafl avin and agridi ne. | ow .
3025 TS iticle Tt kst GRraffe Bt fltePlh Raterial
acridine yellow G 31. A nethod of manufacturing an
article capable of inhibiting growth of 25 viruses,

co?pr i siThy aptrabe plickaimal 6s ihsrqintsaid dye icati lgept e of Rose Bengal,
f t.i t of g i . .
R A N T e

regﬁ@hyspaygwﬁﬂngdyes containing reactive functiona

groups, sald dye being further characterized by having
the 30 ability to absorb light in a predeterm ned

2o, LOTMDISI 1300 by SF RO R e
RN

pr & rden congai ni pi at nosphere, upon
absorp ot sai tRyf edet er ni ned spectrum and

i ntensi , infan anpbupt effective to inactivate

[ g jIn proximty thereto. 5 32. The nethod of
manufdct igg o ctAi in said dye conprises

at R east Ywo di fNerent dyes, eath having a spectrum

of light absorption different from the others to

generate singlet oxygen. 33. The nethod of

mambRC Ruisi o Giydfogeh,aa mydibxylyhe caboxydii abidly en atkybr as emino or a

at 10 least ;three different dyes. each havi ng, ; ]
s‘pé‘éltsﬂﬂmfbﬁmflliogﬁ’fouab%roﬁ’tgi’li BH9VEF it lspdhrgnts Phiic Rs being an amino,

hydroxyl, carboxylic acid, or other reactive group.

29.  The article of claim 28, wherein said dye is at least one of proflavin,

acroflavin and acridine yellow G.

30.  The article of claim 28, wherein said dye is acridine yellow G.

31. A method of manufacturing an article capable of inhibiting growth of
viruses, comprising
providing a substrate:
attaching an effective amount of a composition of a dye to said substrate,
said dye selected from at least one of a reactive dye and dyes containing
reactive functional groups, said dye being further characterized by having the

ability to absorb light in a predetermined spectrum and intensity range to
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the othersto generate singlet oxygen. 34. The nethod
of manufacturing of claim 31, wherein said dye

w@onwral4ss3 a reactive functional group conpri SBOI/U82086/043919
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| east one am no-, carboxylic-, hydroxyl-, 15 al kene

and thi i Riprd B GCnUxyBen Bdntsihig Btmosphere,
31, mﬁggﬁéssé?%%@%lgﬁgﬁhr ggtly gr aftgg ont% a.g ) P
subst r atgoncabsprption of tightod] shidl predeterfribest spect2@m 3@d irppgsity range,
met hod of manufacjuring of claim31 erein_sail

is att aPHERIRQyWE etfertiyp g‘l B}actb‘{ﬂ??/‘ﬁé‘ﬂsewyéﬂ 11 %mgwlbgtﬁlg%%'

to the substrate. 37. The nmethod of manufacturing of

claim 31, wherein said dye is selected from at |east |
ond2.of Yhenietheksof phawlacthiing iof staimf 3 \ovkeseia saids dye comprises at

gﬁ[ehgt;g@n(gyfea%m 5§ rslp\lej cil' Ipaim%a? g%e%m%f) ﬁéﬁgﬁb@&‘ﬁtim different from

ul nones

CofRRioRdrt RNEentRARS 8fdlet X§gedlhe met hod of clai m 31,
wherein said subs??éate ?s at least one fiber. 39. The

met hod of claim 31, wherein said substrate is a

fabgic. 40, T . | & : T el ' ]
sugé't r a?gig %G%Odsgfgggéﬁ%l% 'Ioﬁé: ‘mr@]t ﬁ%dw%g#&c&:l Ieég:mmagéoféompmes o
wheh et thres aliffersoir dyas ceack havingiarspbéthum af light ateomption (different from
28 WD 2007/ 114843, PCT/ US2006/ 043919 42. The met hod of
nafigroskarsip iSRRETBIE SMIELHt AXEEED: wher ei n sai d dye i s at

| east one of Rose Bengal, thionin, Azure A, Acridine

Yel l ow G protoporphyrin I X, A .protoporphyrin I X and |
Zn34r ot Ghonméthed of Xanufftudng ThHelaimt Abdwbérein said dye contains a

LR i bR 1 a0, 3 e BN, o

whenendaddSthidlhydr ogen, a hydroxyl, a carboxylic acid,
an alkyl, an amno or a substituted am no group or
ot her group; at |east one of the R s being an am no,

hydg OXY Iy, GRLRSX Yo rﬁaﬁﬁ'&c@miﬁg oPIfh BRAGhHEMG F5i8URe is directly

grafted onto a substrate comprised of cellulosic fibers.

36.  The method of manufacturing of claim 31, wherein said dye is attached to a

mediator polymer which is attached to the substrate.

37.  The method of manufacturing of claim 31, wherein said dye is selected from
at least one of xanthenes, phenothiazines, fluoresceines, acridine dyes, porphyrins,
phthalocyanines, anthracene derivatives, anthraquinones and combinations thereof.
38. The method of claim 31, wherein said substrate is at least one fiber.

39. The method of claim 31, wherein said substrate is a fabric.

40. The method of claim 31, wherein said substrate is a surface.

41. The method of claim 40, wherein said surface is an air filtration material.
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44. The nmethod of manufacturing of claim43, wherein

said dye is at |least one of 15 proflavin, acroflavin
wana7acssidli ne yell ow G 45. The nethod of nmanuPEDUS206IYL3919

of claim43, wherein said dye is acridine yellow G

29

42.  The method of manufacturing of claim 31, wherein said dye is at least one of
Rose Bengal, thionin, Azure A, Acridine Yellow G, protoporphyrin IX, Al
protoporphyrin IX and Zn protoporphyrin IX.

43.  The method of manufacturing of claim 29, wherein said dye has the
following basic structure: |

R \ R
= O
R N R,
10 where R is a hydrogen, a hydroxyl, a carboxylic acid, an alkyl, an amino or a

substituted amino group or other group; at least one of the R's being an amino,

hydroxyl, carboxylic acid, or other reactive group.

44.  The method of manufacturing of claim 43, wherein said dye is at least one of

15  proflavin, acroflavin and acridine yellow G.

45.  The method of manufacturing of claim 43, wherein said dye is acridine

yellow G.
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