2225445 LASER—ATTENUATIVE CPTICAL FILTER This |nvent1oh. .
optical filter for attenuating incident |asef Tadiatidn and, nore - . .
particularly, to a filter for absorbing neodyn1un1Y%(}doubIed | aser radi a-
tion at 532 nanoneters (nm. In certain applications, it is ng
attenu- ate incident |aser radiation at one or nore | aser wavel ermgt¥rs, w
while at the sane tinme transmtting a substantial portion of the incom ng
radi ati on at other wavel engths. One such gappli- cation involves visors worn
by mlitary personnel. Because of the extrenely high intensity of the |aser
radi ation, the attenuation at | aser wavel engths nust be correspondi ngly

hi gh: optical densities of 3 or nore at the | aser wavel ength are typical

for filters of this type. |In order to satisfy these twin requirenents of
hi gh attenuation at the | aser mavelength and substantial transm ssion at

adj acent wavel engths, the fi FP3FRIATIERPATAVERPEIGAT FRLTER WA p cut of f
characteristic Optical filfers are connnnly made by i ncorporating one or
nore conpounds, selected for their absorption charac- teristics, into a
suitable light-transm ssive host material-- in particular, a polyneric
matri x such as polycarbonate ro be useful for such an application, the
absor ber nust have several"‘l%r*dp'er‘ﬁ%% IsdefestalsoPpt it &t lthe f@asi r ed
-save- length. _The co oun §ﬂ % g be sodubte |n ghe host neten%ah and
shoul d be conpaf PRFWaGPR & MeterPareand any’ othér PREG T VésY - The

conpound shoul debe, Syiflftleel @&t Ia\bs%frab.l.@ Aegdpﬂm thct@odmc‘eQr ReLat i@, aand use
in the desired [err] materi al

tion at 532 nanometers (nm).

In certain applications, it 1s necessary to attenu- €“
ate incident laser radiatibn at one or more laser wavelengths,
while at the same time transmitting a substantial portion of
the incoming radiation at other wavelengths. One such appli-

.cation involves visors worn by nrilitary personnel. Because of
the extremely high intensity of the laser radiation, the
attenuation at laser wavelengths must be correspondingly high:
optical densities of 3 or more at the laser wavelength are

.typical for filters of this type. In order to satisfy these
twin requiremenﬁs of high attenuation at the laser uavglenqéh
and substantial transmission at adjacent wavelengths, the
filter must have an extremely sharp cutoff characteristic. -

Optical filters are commonly made by incorporating
one or more compounds, selected for their absorption charac-
teristics, into a suitable light-transmissive host material--
in particular, a polymer:ic matrix such as polycarbonate To
be useful for such an appiicatxon, the absorber musi have
several properties besides absorption at the desired wave-
length. The compound should be soluble in the host mater:iai.
and should be compatible with the host mater:ial and any othe:
additives. The compound should be sufficiently stable to

permit :ts incorporation and use in the desired host &ale: rad
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wi t hout excessive degradation. Finally, the conpeund shoutd be capabl e of
being readily synthesized on the scale desired. MKoy et al U S. Patent No.
4,622, 174_;’@}"5CI oses.a transparent protective |aser shield containing

met al | oporphyr- ins--nore particularly, platinum octaethyl porphyrin (PtCOEP)
flor ‘absor pti on of neodym um YAG doubl ed | asgr _radiation at 532 nm and
vianadyl pht hal ocyani ne (VOPc) for absorption of ruby |aser radiation at 694
nm Gordon U. S. Patent No. 4,657,345 discloses a simlar shield in which
tthe absorbers are diffused into a surface of the host material rather than
bei ng di sseni - nat'BdheHtf exesssivier deapedationy t Finghly: CER gbppeww shpohgl y
at 532 nm its absorptiop, maxi num does not coincide wth that vel]. engt h,
but occurs at a slstl)egﬁtalpﬁgf%nogtje;gévlva e’l'eear?d?]’ﬁ,s%ﬁtq‘aséﬁ?wﬁ‘i f S V\geatﬁseélgfgt he

extreme sharpness of the absidy eti QD R@2KpaddhtS NoIDk | €5 LRt g 1R 1RsQE § he
absorber must be used to achieve a given optical density at the |aser

wavel engt h t han i ftrangpabsot piricsrching aser csnicildedont 4 inilngeme tskEopaapkeyr -
| ength. Not only is the absorber relativel %’,} expensi ve, be- cause of the

pl ati num used, but*HE™PESATHHGUH T iYer PARH NHa PE A HYIEOTPREREH (FERREL at
ot her wavel engt hs tQﬁ:CQB??fgiJnhgfgﬂ%ﬁé@ﬁuﬁ%o@lhg@tﬁs‘e@ ryégéjtio\qéapaélﬁ

now devi sed an opti cal er that rbs strongly at 532nm but which can
transmt a subst anin ahdavanwsiylobhtkdlictlyaninat(voiPker fowm\edisergt hisn okceabgi ng
to the present invention, there is
laser radiation at 694 nm. Gordon U.S. Patent No. 4,657,345
discloses a similar shield in which the absorbers are diffused
o/ into a surface of the host material rather than being dissemi-
nated uniformly through it. Although PtOEP absorbs strongly
at 532 nm, its absorption maximum does not coincide with ﬁhat
wavelength, but occurs at a slightly longer wavelength, at
about 537 nm. Because of the extreme sharpness of the absorp-
tion peak, this implies that more of the absorber must be used
to achieve a given optical density at the laser wavelength
than if the absorption maximum coincided with the laser wave-
length. Not only is the absorber relatively expensive, be-
cause of the platinum used, but the resulting filter will have
U 2 lower transmittance at other wavelengths because of the
greater awmount of material used.

We have now devised an optical filter that absorbs
strongly at 532nm, but which can transmit a substantial
amount of radiation at other wavelengths.

According to the present invention, there 1is
provided an optical filter comprising a light-transmissive
polymeric matrix containing the compound dimethyl-3,7,12,17-
tetramethyl—Z1H.23H—porphine-2,18—dipr6prionate platinum
(I1).
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prOV|ded an optical filter conprising a 1|ght transn155|ve polynerlcrnatrlx
contai ning the conpound dinethyl-3,7,12,17-

t et ramet hyl - 21H, 23H por phi ne- 2, 18- dlproprlonate platinum (11). -3-- The

i nvention al so includes a nethod of protecting an object fron1exposﬁté to

| aser radiation having a wavel ength of_ 532 nanometers, including the step’
of interposing between the source.of said radiation and sai d object an
optical filter containing the conpound dinethyl -

3,7,12,17-t et r ametTid -idddnd3HmD V1Y riﬁrczl,lﬂ&éilé)rl@@ih@@%ﬁ P}@Eéatlmné”)
The |nvent|q)n ut i |fl ses the conpound known f rmal(lb% as di met hyl

3,7, 12, £7- fedfamet ™ SRS DA DHARED, B R rObi 2 ha8 €2 pl at i num (1),
and noreialvrttfl@mrmlhl yw fas 33 atanoura wherut ermcmn’rgrnhhlé(:dp nef hyl ester, or

Pt DPI X n re tion of | . descri bed nMIgrom
Pol yhe%rfe%ossf&%m%l{g%f) hkhaég aogu aaesoré;;tsf%lna,\hrrﬁ%pﬁ?ﬁ F 33 ?l?rﬁi n pol ycar -
bonat e, RSt aélxaxpttllfadmfn@t@ehthmxdﬂtm Itatsercemp@lsmd)ndvmellmhgt h of 532

nm As a eyl 1,7J@5% dife o karﬂgh dto
achi eve a gl ven optlce?l edenS| ty at 532} ]l\ﬁt onfé 1;P(glll‘l %?numthus
required lad igugy {4tT) ng material, but the filter transmttance at adj acent
wavel engths s hi gher ;LSS ek DEalethe LBRBLRIY khdurt PERRUE] AEBY be i ncor -

dimethyl 3,7,12,17-tetramethyl~21H,23H-porpline-2,18-dipropio-~

nate platinum (II), and more informally as platinum deutero-

porphyrin IX dimethyl ester, or PtDPIXDME. This compound, the ;u)
preparation of which is described in Milgrom, Polvhedron, 4, |
1661 (1985), has an absorption maximum of 533 nm in polycar-
bonate, almost exactly coincident with the laser emission
anelength'of 532 nm. As a result, less of the compound than,
say, PtOEP is required to achieve a given optical density at
532 nm. Not only is less platinum thus required as a starting
material, but the filter transmittance at adjacent wavelengths
is higher.

In use, the deuteroporphyrin compound may be incor-
porated into matrices or films of suitable light-transmissive,
preferably transparent materials such as polycarbonate; acryl-
ic polymers such as poly(methyl methacrylate); vinyl polymers
such as poly(vinyl chloride); poly(allyl diglycol carbonate):
and cellulose derivatives, preferably esters such.as cellulose
acetate, cellulose propionate, cellulose butyrate and the
like, by'such known methods as moiding, extruding and casting
to make soiid sheets, plates, lenses, visors and the like.

The amount of absorber used in the host material is
determined by the thicknesé of the host material and the

optical density desired at the laser wavelength in accordance



porated ihto ‘matrices or filns of suitable light-transmissive, preferably
tfansparent nmaterials such as pol ycarbonate; acryl- ic polynmers such as
pol y(methyl nethacrylate); vinyl polyners such as poly(vinyl chloride);

pol y(al 'yl diglycol carbonate): and cel Lujose derivatives, preferably
eésters such as cellul ose acetate, cellul ose propionate, cellulose butyrate
and th.e like, by such known nethods as nol di ng, extruding and casting to
make solid sheets, plates, |lenses, visors and the |ike. The anmount of
absorber used in the host material is determ ned by the thickness of the
host material antifhehspBeenrlamhesitt yadesired at the | aser wavel ength in

accordance -4- with the Beer-Lanbert law. A = OD = -log T/ To = abc where
A is the absorbance, or oRthgﬁ.deﬁgb QD) opdue to the presence of the
absorber at a specific wavel engt h; t e transmttance of the filter at

that wavel ength with the ab- sorber present; To is the transnmittance of the
filter at that wehetedgtis @he rﬁhsmbam loar opbiaalt depeity (09)y hduerdys the
absorption coefficient of t

t | t _that
wavel ength (L/ (gPEHF“%Dfs ‘E‘heab‘ﬁaf ey FhsPﬁ?’offﬁhU’?}ﬁ% %%éf’anﬁt i the (cm:
and ¢ is the masg-SANGRARLAL I O tf?xfe Eb&abserb&rt 'd&v&i‘@néw%@ﬁt ]Eﬁé adp-(9/L).

Equi valently, the Beer-Lanmbert |aw may be expressed as A = [err
sorber present; Ty is the transmittance of the filter at that

wavelength with the absorber absent; a is the mass absorption
coefficient of the absorber in the host material at that

i,) wavelength (L/(g-cm)); b is the path length through the host
material (cm); and c is the mass concentration of the absorber
in the host material (g/L). Equivalently, the Beer-Lambert

law may be expressed as
A=€bc!n

where A and b are defined as before; ¢ is the molar extinction
coefficient of the absorber in the host material at the wave-
length in question (L/(mol-:cm)); and cp is the molar concen-
tration of the absorber in the host material (mol/L). Prefer-
ably, the host material should contain a sufficient amount of
the absorber to have an optical density of at least about 2 at
the laser wavelength. More preferably still, the filter
should have an optical density of 3 or more at the laser
wavelength. ~

The compound may also be used along wiﬁh oﬁner
additive such as dyes, infrared absorbers, ultravioclet absorb-
ers, and stabilizers that do not adversely affect ﬁhe compound
or its absorptive properties. In particular, the deuteropor-
phyrin compound may be combined with a vanadyl phthalocyanine

(VOPc) such as unsubstituted VOPc or, preferably, a more
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where A and b are defined as before: e is the nolar extinction coefficient
of the absorber in the host material at the wave- |length in question
(L/(rmol.cm)); and cmis the nolar concen- tration of the absorber in ggf
host material (nol/L). Prefer- ably, the host material should contai nie
sufficient anount of the absorber to-have an optical density of at |east
about 2 at the |laser wavel ength. Mire preferably still, the filter should
have an optical density of 3 or nore at the | aser wavel ength. The conpound

may al so be al an t addi.ti.ve a S -%Q&L%LE -
absorbers, u ?Ireu%/ﬁeolsggsgnéuc}}:r %- Og%g,sué:ﬁ'dagt g.%}lil ‘%yzle?cs?q% a? 0 not gldversel y
affect the cprostidyahihé Scabsaaptivipapperbtiasn altneparancultae, the .
deut eropor- phyrin conpound may be conmbined with a vanagzl pht hal ocyani ne
(VOPc) such esmppungbsayt atsql bgOPembined)wathr albtsis (R-Appbkylamdppubl e
substituted VOPc such as vanadyl tetra-4-tert-bufyl - phthal ocyanine for
addi tional aBRYPPEBRPAR" ‘nme?%%“g&%pt%ﬁh%‘?rgf‘f‘é"f’%ga%%a“%"g‘%ymed_vm' th a
tris(p-di alkXﬁf“QJﬁ}hegp?fugediﬁh@hbﬁgéﬁﬂ troreah$siptliby at the neodymium
tris(p-diethylam nophenyl)- am nium hexafl uoroanti nonate, for absorption at
t he neodym umaséasanaveaesgemgith 1064 164 MmN thé ldteratbmpowshpeunskd s used
with poly(allyl diglycol carbonate), it should preferably be introduced

into the natFi%h gl apbyl RIGlYaPt FRTORARE) dyih R§OUL8 BRRSi&T2RhYERS rabl e
i nteractions, Ihe, QU ChOPUHRKLED: £ YR o [TeNaRIERA" £ bl 8 inq,
to avoid undesirable interactions. '
The deuteroporphyrin compound may be prepared from N;J
its unmetallated precursor, deuteroporphyrin IX dimethyl )
ester, in the manner described in Milgrom, Rolvhedron, 4, 1661
(1985). Vanadyl tetra-4-;gx;—butylphthalocyanine, if used as
another additive for absorption at 694 nm, may be prepared
from 4-tert-butylphthalonitrile and vanadium trichloride in
the manner described in Law, Iﬁg:gL_gngmL, 24, 1778 (1985).
Alternatively, the vanadyl compound may be prepared from 4-
tert-butylphthalic acid and vanadyl sulfate.

' Milionis et al U.S. Patent No. 3,400,156 describes
ﬁhe preparation of tris(p-dialkylaminophenyl)aminium salts and
their incorporation into plastics as infrared absorbers. Susi
et al U.S. Patent No. 3,341,464 specifically describes the
preparation and use of tris(p-dialkylaminophenyl)arinium
hexafluorcarsenates and hexafluoroantimonates.

In order that the invention may be more fully
understood, reference is made to the accompanying drawings, in

. which:
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its unmetdll ated precursor, deuteroporphyrin | Xo di met hyl st e'r “n the
manner described in MI'grom Polyhedron [err], 1661 (1985). Vanadyl
tetra-4-t€rt-butyl phthal ocyanine, if used as another additive for

absor pt i oft*at 694 nm may be prepared from4-tert-butyl phthalonitrile and
vanadiumtrichloride in the manner described in Law, Tnora. Chem, [err]
1778 (1985). Alternatively, the vanadyl conpound may be prepared from 4-
tert-butyl phthalic acid and vanadyl sulfatg. MIlionis et al U S. Patent No.
3,400, 156 descri bes the preparation of tris(p-dialkylam nophenyl)am nium
salts and their incorporation into plastics as infrared absorbers. Susi et
al U'S. Patent No. 3,341, 464Fsp&RH fli sdvsy ttlessriussore hef prpar af | O aod- use
of tris(p-dialkylamno JF éf%ﬂam nji um hexaf | uor oar senat es and

hexaf | uor oant i nonat B&" RY™ AFHECTIRPTPRYERR i 8h ARG (FFFE ful |y
understood, reference is nmadg;ikd I3e ﬁ&ysoqunyéﬂg:tq;gy\n fSSruilaNor ofe RLGURE

1 shows the structural fornula of the com pound pl ati num deut er opor phyrin
| X di methyl ester. pbthiRRadaghDVRtirBes sidriebutylphitasbbtyparafnet.he com pound
vanadyl tetra-4-tert-butyl phthal ocyanine. FIGURE 3 is a graph of the

absorption spectrum of the cbHpgBting &% FI9CRRE of [tResBPIRYRFIONFFERIT WP PE a

graph of the trans Si on spectr opti fllter containing the
Corrpound of FI GJREn&f-S‘Ie compoeng ofurplgr)Rl-_ar& 1R f’iut

FIGURE 4 is a graph of the transmission spectrum of

an optical filter containing the compound of FIGURE 1.

oo : EXAMPLE 1
o/

Platinum deuteroporphyrin IX dimethyl ester (FIGURE
1), wvas prepared in the manner described in Milgrom, Polvhe-
dron, 4, 1661 (1985). 2.7 mg of the compound wvere dissolved
in 100 mL of pyridine and -placed in an absorption cell of 1 cnm
thickness. The extinction coefficient ¢ observed at 533.5 nm
was 41,000 L/(mol-cm). “The absorption spectrum of the com-
pound in pyridine solution is shown in FIGURE 3. Absorption
‘maxima were observed at 533.5 nm (A = 1.488), 500.5 nm (0.479)
and 384.0 nm (2.482). Absorption minima Qere observed at

\ 649.5 nm (0.019), 513.0 nm (0.276) and 465.5 nm (0.164).
EXAMPLE 2

0.194 g of the porphyrin of Example 1 vas mixed =itd

500 g of polycarbonate by placing the two materiais 1n a
blender for 1 minute. The mixture was dried at 250°F (121°C)
for 14 hours, and then injection molded to produce a disk
0.038 inch (0.97 mm) thick. The injection pressure alternated
between a high of 1800 psi (12.4 MPa) and a low of 1500 psi
(10.3 MPa). The clamp pressure was 2100 psi (14.5 MPa), and

cylce time 17.7 seconds. The nozzle temperature was
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EXAMPLE 1 Pl ati num deut er opor phyrin | X drnéthyl est er (FIGURE 1),
prepared in the manner described in MIgrom Polyhe- dron, 4,. 1661 (1985).
2.7 nmg of the conpound were dissolved in 100 nlL of pyridine and placed in”’
an absorption cell of 1 cmthickness. The extinction coefficient e obgerved
at 533.5 nmwas 41,000 L/(mol cn). The absorption spectrumof the com
pound in pyridine solutlon is shown in FIGURE 3. Absorption maxi ma were
observed at 533.5 nm (A = 1.488), 500.5 nm (0.479) and 384.0 nm (2. 482).
Absorption mnim were observed at 649.5 nm (0.019), 513.0 nm (0.276) and
465.5 nm (Q5864) (2EXAPLEL fOoritd 4one aff the baerahyaky 0PF ExEIIRt E, hn¥as
mixed wil1h80%a8 SlaBEVGR BORANCLBY BbASIY I two materials in

rie

bl ender for 1 mnute. e mxture érr] for [err] hours, and

then injection nol deg t g PO ‘U%daaﬂ'§#£%%§Q3§b 186%9535 JJN K. The

i njection pressure al ter nat e etween a high o a) and a

| ow of 150G pse)( Loith WPgh. tddisnGlsadPn pseIsSghe H\ﬁ.sotZ)EQOUBGéle(rﬂg‘{h5 MPa), and
cylce tine 17.7 seconds. The nozzle tenperature was -7- [err] the front
zone of thé"b&h#eYl%Mmé645941?QﬂwﬁFhanéfQﬂﬁﬂlﬁéa?"zﬁﬂﬂ?qumtﬁé Y déEkwas [err]

The di sk showed an |n se_absor, n at 532 nm (CD 1. mnth"hlgh
transmi ssi df §FYT gift U%Fh%T ﬁﬁﬁegﬁﬂbfﬁgves 0GRl oML

laser filter at 532 nm while exhibiting high visible-light
transmission. The photopic luminous transmission (Illuminant

C) was 53.8 %.

EXAMPLE 3 \‘)
To the mixture of Example 2 is introduced 0.0165 g
of vanadyl tetra-4-ftert-butylphthalocyanine (FIGURE 2). The
mixture was injection molded to produce a pléte 0.110 inch (2.79mm)
thick. The plate exhibited an optical density of 3.4 at 532
nm and 1.5 at 694.3 nm (tﬁe ruby laser wavelength), with a
photopic iuminous transmission of 27.9%. The part serves as a
highly light-transmissive laser filter which simultaneously
filters laser radiation at 532 nm and 694.3 nm.
EXAMPLE 4 | ' \,J

To the mixture of Example 2 is introduced 0.526 g of
tris(p-diethylaminophenyljaminium hexafluorocantimonate (U.S.
Patent Nd. 3,341,464). This mixture was injection molded to
produce a plate 0.073 inch (1.83mm) thick which exhibited optical
densities of 2.7 at S32 nm and 2.8 at 1064 nm (neodymium YAG
laser wavelength). The part serves as a highly light-trans-
missive lasér filter which simultaneously filters laser radia-

tion at the two noted wavelengths.



in t-he visible région. The transnission spectrim of the *di sk®i s®shown in

FI GURE 4. The di sk serves as a "single-notch" laser filter at 532 nmwhile
exhi biting high visible-light transm ssion. The photopic | um nous

transm ss™on (Il luninant ©) was 53.8 % EXAMPLE 3 To the mixture of Exanple
2.is introduced 0.0165 g of vanadyl tetra-4-tert-butyl phthal ocyanine
(FIGURE 2). The m xture was injection nolded to produce a plate 0.110 inch
(2.79mm) thick. The plate exhibited amr 8ptical density of 3.4 at 532 nm and
1.5 at 694.3 nm (the ruby | aser wavel ength), with a photopic |um nous
transm ssion of 27.9% The part seryes. as a highly light-transm ssive | aser
filter which sinultaneousl i PRl | Eidser ofthe i#gMenfiion abserbarrtreaglys nm
EXAVPLE 4 To the atx3ir ewnof wvkkbnpite tBei sanentiodusedng. §26igp ofransmittance
tris(p-diethyl am nophenyl)am ni um hexaf| uoroanti nonate (U.S. Patent No.
3,341, 464). This AFxQUIERESYIYEIEOGERR HbItEdVEiH PodBBECS: pITREe 1673 i nch
(1.85 mm thick \A’Qb&&%@g Puns&t. P C@Lr risae;' £S Qhpabid & @%&amgng 8
at 1064 nm (neodym um aser wavel engt he part serves as a highly

|l ght-trans- m ssineal@sRki&i Mrymewhbcha&mml taﬁmemaysby &sdd eriznl aseer r adi a-
tion at the two noted wavel engths.. -8- The optical filter of the

i nventi on absor bsag@j:WSySuCh as light absorbers.
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the sane tine haV|ng a high transm ttance at. adjacent«‘

t he VISIb|e region. The light- absorbing conpound of our |
. E@” ﬂﬁ ﬁﬂﬁE& incorporation in a plastic polyneric matrix, apd may
r addltlves such as |ight absorbers. -9- CLAI VB, .

An optical filter conprising a Ilght transm ssive polyneric matrix '
cont ai ni ng the conmpound di met hyl - 377212, 17

-tetranmet hyl - 21H, 23H por phi ne- 2, 18- dlproprlonate platinum(I1). 2. A
filter aéégﬁﬂin to claim1, in which said polyneric matri x conpri ses
pol ycar B 3. A filter according to claim1 or 2, in which said

conpound is uhlforn1y di ssem nated through said polyneric matrix. 4.

A fllterlaccordlngAto cg\ Q}%flftgg §8mhg thgh Sﬁ'%hQOEX @d&é§¥J8><'5

transparent. er-accor 4,1 n which
sai d pohynbymernaimaurimrchetac@nnalnbeacvanadyﬂ 9hﬂﬁ&ﬁdéy§n7né2’é7

An OPti o2l LiddStn PECOIR! 29uLRoFbREHED2, 1B WG B pienuaRaGla chfidifl OCYani ne

conpri ses vanady tra-4-ter utyl - pht hal ocyani ne. 7. Afilter
accordi nglE¥b- any of clainms 1 to 6, in

2. A filter according to claim 1, in which said

polymeric matrix comprises polycarbonate.

3. A filter according to claim 1 or 2, in which said"
compound is uniformly disseminated through said polymeric - k‘)
matrix.

4, A filter according to claim 1, 2 or 3, in which

said polymeric matrix is transparent.

5. A filter according to claim 1, 2, 3 or 4, in which
said polymeric matrix further contains a vanadyl

phthalocyanine.

6. An optical filter according to claim 5, in which
the vanadyl phthalocyanine comprises vanadyl tetra-é4-tert-

butyl-phthalocyanine.

7. A filter according to any of claims 1 to 6, in
which the polymeric matrix further contains a tris(p-

dialkylaminophenyl)aminium salt.

8. A filter according to claim 7, in which said
aminium salt comprises tris(p-diethylaminophenyl)aminium

hexafluoroantimonate.

9. A filter according to claim 7 or 8, in which said
polymeric matrix contains a vanadyl phthalocyanine and a

tris(p-dialkylaminophenyl)aminium salt.
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whi.ch the.pol.ymeric matrix further contains autrls(p- e .o
t

dLaIkylanlnophenyl)anlnlunlsalt 8. A filter accordi ng—to—clai-m+

i.n mhlch:sald am nium salt conprises tris(p- dlethylanlnophenyl am'nium

hexaf | uoeeant i nonate. 9. A filter according to claim?7 ﬁﬂ! u.||| |"I"““
whi ch*sai d polyneric matrix contains a vanadyl phthal ocyani ne v *
tris(p-dial kyl am nophenyl)am niumsalt. - 19 10 - 10. Afilter
according to any of clains'1l to 9, which has an optical density of at |east
about 2 at 532 nanoneters. 11. A filter according to claim 10, which

has optical demsdity of at lfeaskerabedbrdialg 332 ahgn@teicdaimsld. to 9, which

met hod of prot ing an ob ct, from expos t Q Ia er radiati haV|ng a
wavel engt h of E@% ngno ejrag de“al&eh RS Llrlre(-:\L §p St er 6%&% bet ween t he

source of sai dnaadmeteos.and said object an optical filter contalnlng t he
compound di net hyl -3, 7,12, 17-tetranet hyl - 21H, 23H- por phi ne-

2,18-di proprionate platlnun1éll) 13. A net hod according to claim

12, in which thé-filter Asfidterapss@rdingnyoofclalim .1 whdch) has optical

density of at least about 3 at 532 nanometers.

12. A method of protecting an object from exposure to
laser radiation having a wavelength of 532 nanometers,
including the step of interposing between the source of said
radiation and said object an optical filter containing the

o compound dimethyl-3,7,12,17-tetramethyl-21H,23H-porphine-
2,18-~diproprionate platinum (II).

13. A method according to claim 12, in which the

filter is as claimed in any of claims 1 to 1l1.




