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The pre1ent invention relate• to pol71'eri•able 1,.ntbetlc 
pol7ol(allTl carbonate) compo1itlOQ• and articles prepared therefrom, 
p•rt!cularly article• having organic photachromlc mat•rial(a) applied 
to or ia.corporated there:l.D. Moz:oe part:icu!arly, the present in•ea.tion 
relates to certain po1yme~i•able pol7ol(a11y1 carbonate) compoeitlons 

10 that conte.i:A from about 10 to about 30 weight percent of a •ixt'IR'• of 

alipbati~ urethan••• the terminal (or e11d) 1~ogp1 of which contain 
allyl and/or acr7l71 unaaturattcm, and to pbotochromic art!cl•• 
prepared from polym1:rizates of auch compoaition1. ?1ep•nd:ln1 cm the 
amount and relative quantltiea of the acrylyl- aAd a1lyl-functional . . 

15 a~up• in the &lipbatic urethane component• iu the pol,meriaal>le 
polyol(all71 carbonate) compo1it!on1, th1 initiated pot life of such 
compoaitlona may vary from belnc relatively brief, ••I•• 5 houri at 
25•c., to a pot 1~fe comparable to initiated diatb.Jlene glycol 
bi•(allyl ~arbonate). Artic1•• prepa1:ed from •ucfl con1po1itiOG1 are 

ao ueart1 colorl••• aDd do aat g.merally pre-rel•••• !:om tbe ao14 in 
which they _are c~ed, ••I•• in a conatant temperature water bath, 
PbotochJ:"omlc article• prepared from 1uch compo1ltion1 a.re 
characteri1ed by an :llnprov1d photochromic re1poa1e compared to 
photochromic articles prepared from a hamopolymer of dletb.ylene glycol 

2S bia(&llyl carbonate). 

Photochrcmism ia a phenomenon iuvolvina a ch.age in color of 
• pbotochromic 1ub1taz:ic1 (or an article containing eucb a 1u~ataziee) 
when it 1• expoaed ta -liaht rad1a~ion involvina ultraviolet raya 1 auch 
•• ultravialtt radiation contained in aual!1ht ar !ft the light of a 

30 merCUl'f lamp,· and a reveralon to the oriainal colo~ when the.tnfluanee 
of the ult:r:av::l.olet radiat..ioa ie dilcontiuued, ••I•, bJ atod111 the 

substance (or •~ticle) in tbe da~k at removin1 the source of 
ultraviolet radiaUon. In recent JNra, photochrond.c plastic 
materiata, particularly pla•tic materials for optical applicationa, 

35 have been the subject of conaiderable attention. In particular, 
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photochromte ophthalmic plastic lee••• have beeo inve•tigated heaauae 

of the weight a.dvant•~ tbeJ offer. vis a ois. slase leases.. Moreover", 
photochtom1c cran1pareci•• foe veb.icle1, 1ucb aa cars ad airplmtea, 
have bean of interest beca\lle of the potezitial aafet7 Eeature1 tbat 

5 1uch tranapar•Deiea offer. 
When 1nca&"por•ted within the matrix of a aynthetic or1anic 

tran1parency (or appli•d to a 1ub•trate of such matrix), a 
pbotochromic 1ub1tance cha111•• colar when exposed to ultrav1o11t 
Li1bt. 'l'hie cbange in color reduces tbe amount of light tr.aiimd.tted 

10 tlu'oqh the t&'•n•paren.c7. It :I.a clea:l.rable that the equilibrium 
re1poiiee of the photochromlc 1ub1taace-ooiitaining tranapareGcy at all 
normal ambient temperatvea, inc1ucU.nr relativel.7 hicb ambieat 
temperatur••· e.g., temperature• cm. th• order or ,,.,_ (35•0.). be 
1ipi!:Lce.nt. 

l:S It is reported that when & photoahrom:lc auba tance, e •I•, a 
pbotochromic compound, convert• to lta colored fo'f:1D by absorption of 

ultraviolet light radiation, i.e., tba eo-oalled colorina reaction, a 
reverse reaction occui:1 a!m~ltaneoualy in which the colored fo1"11 
revert• ta the oolocle11 (or oriciual color) form as a result of 

20 expoaure to white Licht and/o~ the aotlca of heat, i.e •• the 10-called 
b1eac'hins reaction. ?be rate of 'bleach:lua due to heat (thei:ma1 f&de) 
incr••••• with i11c:readng temparatura. At relat111al7 bi&h Nlbient 
temper•tutes, •••• , ,,.,. c3s•c.), tbe rat• of tbatma1 fad• can become 

al1t1!ficaat and, aa· a con1equence1 the photochromic •ub•tance doe• not 
%5 develop a •utficiently intea1e color, t.e., the lumiDOWI tran .. 111!on 

of a tran1pare"Dc)' at auch t•mp1ratures i• dl1\if:lcutly laraer than at 
Lower temperaturea, e.g., 55.75•1. (13-24•Q,). State• conv•~••17• the 

activated colo~ of the pbotoc~omic tran1paren.c7 11 liabter at hich 
ambient ttmperaturea tban at lower mabient temperatures. 

30 It ls reported in u.s. Patent 4,H4.Z08 tbat p!lctochrom:l.a 
articlo•, e.g., tranepa~enciea, prepared from certain pol:pnseri1able 

po17ol(all7L ca~bonate) compo1ition• exhibit an improved photocbromic· 
equilibrium re1pon1e compared to photoc~amic articles prepa~ed from 
homopolymers of a polyol(allyl carbonate), such as diethylene 1l7col 

3S bi•(allyl carbonate). ?hie improved equilibrium reaponae is 1ugge•t•d 

~ii1iiiiUr 
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to b• ob1e:r1abl• at temperature• of from o•r. (-1a•c.) to 115'1. 

(~6·c.), ··•·· f~om 3o•r. (-1·0.) ta 1oo•r. css•c.). particularl7 over 
tl\e ambiat temperatur. rc1e fl'Olll about JS•r. (ll'C.) to •bout sis•r. 
(35•c. ). Su.cl\ improvement lD tbe pllotoehromic :eapcm.ae il-ieacd.bed 

3 to be.a rtault of aa. i1117rovemeat in the co1ori~I efficiency, i.e., the 

eff!clenc)' of th• ao-cal11d colod.n1 reaction, iii potymez:obates of 

auch pclyol(alltl ca~bonate) compositiOlll. 

More particularly, the polyo1(a117l carbonate) compositions 

4eecribed in U.S. Patent 4,994,208 compri1e a mixture of a major 

10 amount of a pol701(ally1 carbonate), •·I·• diethylene glycol b11(a1lyl 

ea:z:obonate), aucl a ad.not- amcn=t of a certain urethane containing 

etbylenlc un•aturation, e.g., acrylyl functional 1roup•, at it• 

tenin.al end•• Optionally, a 1ma11 amount of a copol;rmedt:able 

difmctlona.1 monomer, aucb a1 al17l methac:r:ylat•• mat be added to the 

15 composition to euhallce the hardne•• of the polymari1ate prepared from 
the polyol(allyl carbonate) ccmpoaition. The initiated pot life of 

polyol(a11y1 carbonate) compoa1tiona described in u.s. Patent 

4.994.208 ia relatt•ely ahort, which can pose prace111ns diff icultie1 

to eome manufacturer• of c:a1t artiale• that use •uch compo1ition1. 

%0 Bowevec, aome cutal'1 of poLyal(allJl carbonate) compo1f.Uon1 cle•tre 

compo•ition• haviu1 an initiated pot life which pezmita two c .. tinaa a 

day !natead of the one caatlng a d&y obtained with diethylene i11col 

bia(allyl carbOll&te) or compo1itiont af a a!m11ar loci !a!t1ated pot 

U.fe. 
25 

DITAILBP D1•ca11:1aw or THE IBJINTIOif 
r1a1tic optical, e.a., ophthalmic, cD1111ercial lense• are 

prepared to a 1i~lf icant extent bJ po13'D1eri1in1 the poly0l(all7l 

caRcmate) mon011ti', cl:l.ethylen• 1l1col bis(allyl carbonate.), w:l.th a 

30 free-radical initiator, u•ual17 • dialk1l pe~ox:ydicarbonate such aa 
di!•oproPY1 P•~oxydicarbonate. iu 1ta11 mold1. Tha pot life of a 

batcb of diethylene 111co1 bia(all71 carbonate)~iaitiate4 monomer, 

i.e., monomer to which an initiatin.c amount ot free-r&clical initiator 

ha1 beon add•d, i• on the order of about 24 hour• at 25°0., vbich 

35 provide• the manufacturer (ca•t•~) of lenses 1ufficient time to 
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dega••a filter and charge the entire batch of initiated iaonomer to 

11e141 baf ore 1allins of the monomer occurs. 
Dlethfleue glycol bi•(allyl carbonate) co.mpoaitiona described 

ia u.s. Patent 4,994,208, i.e., campo•itiona coatainin1 au· aliphatic 

5 polyeateruretbana diac:r7lat11. have a pot life, i.e •• the time f.tom 
laitlatimr. to ••llia.c, on the order af s hours at zs•c. 'l'bla 
1ipifican.tly reduced. pat life" compared to dieth1leu• 1l1cof bis(11.1l1l 

c•rbooate) can result in operatiDI difficulties for the ca•t•~· 
Moreover, it h&a bean. found that ca1tln11 prepared with tb• dietlaylene 

10 1lyco1 b11(allyl carbonate) compoaitiOA8 of U.S. Patent 4,994,208 JDa1 

have & noticeable yellow cast. which 11 not desirable far articles, 
such a. lense1, that are required to be optically clear. 

lt ba• now be•D discovered that pol70l(all71 carbonate) 
compoaltiou1 that contai11 m:lnor 9111oimt1 of a mistu.re of ae&<tain 

15 aliphatic uretbaueJ the term:lnal (or end) 1roup1 of vhicb contain 
allyl and/or acr7l;vl un1at'Ul"atio:n, have u iiiit!at.td pot: 1:1.fe that: :l.1 

lon.1e.r tli&u 5 hours at 23•0., •·•·• even approaching about 24 hour• e.t 

zs•c., while providing uearl7 colorl••• cast articles, such aa 
leu1e1. Such compo•lt1on• do not pr•~•1•••• 1enerally from tbe mold• 

2.0 in whicb they are cured • a problem that has been observed with 
certain po1yol(al1y1 carbonate) compoaitiona conta1niua ottl7 
bi1(allyl-term!nated) aliphatic uretbane1, i.e., such compo1ition.1 
b•in1 aub1tarat!all7 f~e of bla(acrylat1-t1zm:l.nated)aliphatic 
urethanel. 

25 In accordance with the pttaent invention.. there ue p:tovicled 

c:e.rta!n liquid polymeri1able pol7ol(all7l carbana.~•) compaai Uona 

compri•inc a blend of oopol,mericable monamertc 11111.terlals; n1mel7. (1) 
patyol(allyl carboiiate) monomer, •·I•• dietb11en• 1l7co1 bia(allyl 
carbonate), and (2) a mixture of (a) alipllat!c urethane(•) having 

30 allyl untaturat·:l.cm 1~ at lta1t one 0£ !t1 terminal g:r:ou.pa, and (b) 
aliphatic: uretha.De(s) bavina acrylyl unsatuat:l.on in at least one of · 
its ter11tna1 croups. Mort p•rticularly, the palyme~izahle 

palyol(allyl carbonate) monomer repr••enta frosn about 70 to about 90 
wei1ht parent. p:raferabl:r from abo~t 7~ to 85. particularly a'boat 80 

35 to about 84 weight p•rcent of tha copol7111eri1able composition. 1be 

urethane content of the blend (and the reaulting polymeriaate) will 
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var1 with the amount of aU.ph&Uc pol7W:-ethene(•) u1ed. To avoid 
yellowin1 a! caat1nga •• a reaalt of a po1t-ca1tlna heat treatment, it 

11 preferred that the urethane content of the blend of copol)'lterizable 
mcmomeric mated.ala be in the range of fzam about 3.9 to about. 4.9 

5 percent. 

to1yol(al11l c•~bonate) monomer• that llAT be·u•ed in the 
af orede•aribed pal1111erl1able compo•lt!o~ •~• allyl qarbonatea of 

1icear or branch•d aliphatic or aromatic 1iqu1d polyols, ••I•• 
aliphatic •1ycol b!a(allyl carboGate) compound1, or alkylidene 

10 b11phenol bil (all7l carbonate) compound•• Tbe•e moAOJnei•• 'llllJ1 he 

de1cr!bed a.·\Ulaatu,ated polycarbonate• of pol7ol1, •·I•• 1lycol1. 
1'he monomer• may 'be prepared by procedure• well known 1n the art, 
•·I·• as deacribed in v.s. Patent llo•. 2~31Q,567 and 2,403,113. 

Po1yol(allyl carbonate) monomer• .. , be ~•preatmted b7 tbe 
ts rrapbic fv.rmula: 

I 

Wherein I is the radical derived f ronl 41' uneat~rated alqohol and i1 

20 COlllllQ'll11 an a11yl or a\lbatituted a11yl 1roup. R' la tbe radical 
derived from the pol70l and m 1• a whole aumber from 2~5, preferably 
2. Th• ally1 rroup ma; be 1ubatltuted ac the Z-po•ition with a 

balopn, mo1t 11.ota'bly c:J:alod11e or 'bromine, or an alkyl croup 
oontalnizir from 1 to A carbon atom1. Generally the alkyl au.batituent 

ZS ia a methyl or ethyl· 1roup. 'l'he allyl croup mar be represented by the 
graphic f onnala: 

II 

30 wherein lo ia byclrosen, halogen or a o1-c4 alkyl group. Moat 
cammonly, 10 i1 h)"d~o1ea and eon••quently I ta the allyl 1~oup, 
H2C.CK-CH2•• 

a• 11 a. polyvalent radical derived ham the po1yo1 w\\ich can 

be an aliphatic or aromatic polyol that contain• 1, 3, 4 or 5 bydroxy 
35 groupa. 'l.'ypically 1 the pol1ot contains 2 hydrosy ;roup, i.a. 1 a 
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glycol ar bi•phenol. The a1iphatie pol70l ma1 be linear or branched 

and contaiaa from 2 to 10 carbon atoms. Commonly, tbe aliphatic 

pol701 11 an. alkyleue 111col havin1 from 2 to 4 carbons atom• or 
po1y(c1-c4) alkylene glycol, •·I·• ethylene 1l1col, p:opyleii°glycolt 

~ trimethylen• 1l1col. t•t~ameth7lene 1l1col, or dietbJrleue 1l7col, 
triethylitne 1l1col1 etc. 

Specific ~pl•• af polyol(allyl carbcnate) .monomer• incl~e 

ethylene 1l1col bia(Z•chlaroallyl carbonate). ethfl•n• 11yco1 
b11(•1Lyl carbonate), diethyl.a• 111col b11(2-metba1171 ~arbonace), 

10 dieth)'1eue 111001 b1•(a117l carbooat1), trlethylene 1lycol bia(a1ly1 

carbonate), propylene 1l1col bia(2-etb7la117l carbonate), 1,3-propane 

diol bls(allyl.carbonat•)• 1,3·b~t.ne41ol bi1(all7l carbcma~e), 

1,4-butanediol bi1(2-bromoa11yl carbonate). dipropylene rlycol 
bia(allyl carbonate), tr::lmethy1eae 11ycal b!a(2-ethyla1111 carbonate), 

15 pentamethy1ene 1l1col bia(allyl carbonate), and iaopsopy1idene 

bi1phenol bi1(a117l carbonate), Dietbyleue glycal bla(allyl 

carbonate) 11 the preferred pol7ol(all7l carbonate) mon.omer. 
A detailed 4a1cripti0&1 of polyol(allrl carbonate) monomer• 

that may 'be u.ed to font tbtl pol701(a1ly1 aarbaca.te) compos!t:Lon of 

10 the pre11nt inve~tion 1• fou.n.d in u.s. Patent 4,637,698 at column. 3, 
line 33 throush cal\llllfl 5, lina 61. · that di1clo1u~e 11 bereb1 

incorporated b7 ref•rnce and ls 1ummar:!.1ed above. Al Ule4 i1l the 

present description and elai111, the tei::m pol7ol(allyl carbonate) 

•onom•r or like 1U111e1, •·l·• diethyltne 1lrcol bi1(a11,1 carbcnuate), 
15 are intended to mean •~d inclv.c!• tbe named moaoaier c~ prepol111er1 

thereof and any related lll01ioiaer or oliaomar species contained 
l:her•in. 

l'he polym•risab1e polyol(all7l carbonate) composition of the 

present i11venUw •Y contain from about 10 to about 30, ••I•, 15 to 

30 25. weight percent of •mixture of aliphatic urethme(s), the t•minal 
(or end) 1roups of which coutain etb1'leuic unsaturation in tbe form of 

allyl and/or acrylyl functional 1roups. Wheft p~•pared in a 

concentrated fom, the poiyol(allyl carbo~ate) composition mq contain 

up to 70 wei1ht percent, •·I· 10 to 70 wei1ht percent, of the mixture 

: 35 of aliphatic urethane(•). The mi.Xtu.re of aliphatic urethane• 

I 

I 
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contemplat•d herein include a m:lxtur• of aliphatic uretune•. tome of 

whicb contain (a) bia(ailyl) un•aturation, some ot wbf.ch 111ay contain 
(b) bla(acrylyl) unsatu.radon, and 1ome of which c011tain (c) 

Dono&ll1l-snonoacryl7l unsaturat!on, l.e., an aliphatic uretfiine 
5 containia1 one t•rminal 1roup b&vi111 a allyl functional aroup and tbe 

other teimin•l aroup hav!nc an acr7l7l functional 1roup. 
It i1 particularly coatemplated herein that the polymerizab1a 

po1ya1(a1171 carbonate) composition of the present 1av1ntion used to 

prepare castings coa.tatn from about 16 to about.20 weiaht percent of a 

10 mixture of aliphatic urethanes selected from a mixture of s 

mwtlA 

1. at leaat one aliphatic urathmla haviu1 a11yl uusaturat1on iu 

15 both end 1roup1. a~d 
2. at leaat oa.e aliphatic uretbalfta ha•ing all1l unt•taration lb 

one ~d 1roup and •~rrlyl unaaturation !a the other end 

group, or 

20 Mil.IUl.I I 

l. at Le.,t one aliphatic· urethane havin1 a117l Ull••turatlon !n 
both 1ad 1raup1. 

1. at 1eaat cm.a aU.pbatic urethane ba•:l.nc acrrl1l =••tu.ration 
%5 in both end 1roupa • and 

3. at le .. t au• aliphatic urethane havina allyl unaat~ation in 

on• end croup and acrylyl unsaturation in tbe other and 1raup. 

More particuladr. the termiaally-unsatur:ated aliphatic urethanes 
30 compri11n1 tbe mixture of aliphatie urethmnes in the po1yol(a11yl 

carboaate) compoalt:l.on may be rep~••ente4 by the expreasioa•: 

33 

lJ.-1-A-B-D 

D-B-A-B-D' 
D'·B-A-B-D' 

iiHiiiiHr 

III-1 

Ill-2 

UI-3 

.-· 
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wherein D rep~a1ent1 th• terminal functional group contai~lna allyl 

uaaaturation. D' repreaenta the terminal functional 1roup ccmtainin1 
acryl7l un1at\U:'ation end B represeote •u aliphatic bis carb!!,iC moiet7 

that ori1inate1 f tom the correspondin1 aliphatic dii1ocyanate. Group 

5 I ift the far11oina graphic axpresaion• may be ~•presented herein by 
the fotmu1& 1 ..OC(O)-NH(B)Nl-0(0)-0-, whei-ein B i• the aliphatic (or 

cyeloallpluatic) rea14u• of the aliphatic diisoayanate. 
Q~oup A iu the toresoin1 1raphic expre11iona ~•present• tbe 

reaidue of a 1aturated aliphatic po1yo1. •·l•t diol, •uch a• a C2-c6 
10 altume diol, diethylene 1l1col, a polyether d£o1, a po17~&l'~e>ne.t• d!ol 

or a polye•ter dial, i.e •• the reaidue remaiuiu1 after removal of the 

hydrOXJ1 1t"oup1 from t:he polyol, •·•·• dial. For example, whti\ tbe 

polrol i• butane d1o1, A 1n the fo~e1oin1 1raph!c expre11ion1 may be 

repfe1ented by the formula, -Ca2-Cl2-Cla-Cla· (or -CC12)4•). 
15 !ref•rably. A ie the residue of a polyeater diol, dieth7leae 1l7col, 

or 02-06t ••I·• o2.c4 , alkane diol, e.g., butane d!ol. 
Since Group A may repra1ent au al1pbat1o pol10l •elected from 

the fore;oins de•crtbed 1roup1, it i• evident from the aforedes~ribed 
embodiment• of MIX'ntll A and MIXTUU B that compon4hlt A in the 

20 expre11lan1 lII•l ~ trI-3 111&.1 b• th• 1ame or diffeten.t for each of the 
&UpbaU.o urethanH comprt1i111 the polyal(al11l catbaute) 

compositicm. For a.ample, the mixture of aliphatic urethaaes may 
comprise two or more material• repre•ented ~7 axpreaaion IIl-1 wber.ln 

4 • 

component A in each mata~ial 11 different. More particularly. these 
25 111&ted•l• 11&7 b•. repreaented by the exfrealiona, 

D,..B-A I -J;.J) IU-4 

D-D-A"-B-D n1 .. 5 

D-B-A'-B-1> 1 III-6 

30 l>'-B-A"-J•D' lll-7. 

D'-1-A'-J .. D' III-8 
D '-B·A "-.8-D I IlI-9 · 

wherein A' and A" are each. the residue of a saturated aliphatic polyol 
35 telected from the group consisting of a Oz-06 alt1111e diol, dietb7lene 

I 
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gl7col, a polyether dlol, a pol7carbcmate dio1 or a polyester dio1. 
In cme particular embodiment A' ia tba reaidue of a po11e1ter dial and 
A" ia the re•i4ue of a C2-06 a1kaa.e diol. 

Otha~ ecnbodimenta are a110 contemplated wherein different 
5 pol7ol ree:ldue1 1 ••I•, A 1 

" or A"", ma1 be u1ed in combination. vi.th 
thoee kert:f.nbefo~• deac~ibed. MoioeGV•~• the alipb•tic 4ii1oc7aaate 
tram vhich eamponen.t B in the fa~•eoln1 expre11ion1 i• de~ived alao 
may be the 1a111• or di!ferant for the a11pbatic uretban.et ueed in tbe 
mixture. 107: example, thei:e mq be componea.ta J', I", •t:c. tbat -., 

10 be uaed in combiution with component• A'• A .. , etc. •4/or J) ancl D' ln 

varioua colllbinat!02u and pe~tation•. 

In partic'lllarly preferred embod:imezita. the mixture or 
aliphatic urethaii•• include• either (l)a bia(all7l-te1:11!nated) 
poly•1terurethaae, a bl1(allyl•tel1Dinated) urethane derived from a 

15 c2-c6 alkane diol, a polyesterUZ"ethane having an a11y1-c!)Atain:lD1 
terminal functloual 1rou.p and an acryl11-c:cm.taill11'8 temiae1 
funct:l.cnia1 1roup, aud an aliphatie urethane derived from a c2-o, 
alkane diol hav::Lns an al171-aonta1D1n1 te:z:minal funct

0

ional gi:o"'p aad 
an acr717l-contain:ln1 tel'minal functional group; or (2) a 

20 bi•(a11y1-te1:minated) pol1eaterurethane, a bie(acryly1-term1aated) 

pol7e1teruretbane au.d a pol7eeteruretlume baving an a11yl-contai~tn1 
terminal f unctioaal ·1roup and a ac::eylrl-conta!Ail\1 tena:l.u.1 
functiooa1 1roup. Preferably, the po1Jaater dlol la a 
pol7caprolactone d:l.ol and the o2-c6 a1ka-ne diol :I.a bu.tan• d:to.l. 

25 In the foregoinr aliphatic ur.tbane mixtures, the molar ratio 
of allyl gi-oupa to aerylyl rroups say v•rT from about 1511 to about 
1:1. U•ually, the ama11er.the ratio of •1171 to acry11l group•, the 
1horter the i11itiat:ed pot life of the polyol(all1l c:arbcmate) 
composition coatainin1 the mixture of alipb.atic urethane•. Further, 

30 in aucb aliphatic urethane mixtu~••• the molar 11n1ount of pol1eater 
4iol to.alkane diol uaed to prepare 1\leh mixt~•• ma1 vary from about 
t5:5 to about 70:30, •·I•• about 80s20, wb!cb corre1pond1 to •olar .· 

ratios of 19:1 to 2.3:1, e.1. ~zl. ?he ~bcture of aliphatic urethane• 
ahould form a homo1eneou1 mixtur• in and be copolymer!sable with the 

35 polyol(allyl carbonate), ••I•• dietbylan• 1lycol b11(allyl carbonate), 
with which it is blended. 

ll1il1ii1l1UT 
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'the termi.Dal araup D in the foragoi~g eapre•eio~i contain• 

.1111 uoeatur&tian. &Ad ii preferabl7 the &llyl s:oup. i.e •• 
Clz=Cl-cK1-, which ori1lnatea. to~ example, from allyl ale~~l. the 

tel'lllina1 1roup D', which contain• acrrly1 unaatur•tion, ma7 contain 

' &cX"yl71 or metbac:rylyl wi1aturation, i.e., Cl2.C(:L)-<:(O)•, wherein L 
ii hydrogen or meth7l. 'fbe tenn1nal group D' may alao ba represented 
by the eapre11ion C!2-0(L)-C(O)-O--M1 wherein M !1 au alk~leae lt"OUP of ,/ 
from 1 to 6 carbou atoma, 1uch aa •thyl41ne, e.1., the group derived 
from 2-bJdrox71tb.7l aerylate or •thaci-1late. The tem "acr:ylyl"• 

10 vha used iu the de.cripd.on ad claim• iu tbe gme:d,o •ea••• ii 

int.ellded to include ''methecryly1"• i.e., whc "U' ia l\7d.rogen or 

met:hfl. 

Diisocyanata1 that may be used ta pre,.re the alipbatie 
urethane component of the po1101(al1y1 carboaa~e) compoa1tion ue 

15 allphatie di!1acyanate1, crcloalipbatic 4ii•oeyaaatea an4 

tetrametbylent xy1ena diiaocyaaate. for convecience and br9'Vity, such 
iaocranatea will be ref er:-ed to collectively aa aliphatic 
dli•oe711ftatea. Su.ch material• are 1ubstautiall7 free of aroraatic 
isocyanate 1roups. 11 aubatan.tially f~•• of·&&"Om&tic moieties 11 

20 meant that the aliphatic dilaoC)'B'ft&te (and tha• the allrl•term!nated 

aliphatic urethane component) cODtaiDa 1 pe~cent ot le11 of aromatic 

4!!1oc1anata croupa. lxempl••"of auitable 4lisocyan.at•• include 
1,6-haxaaethylene dii1oc7auata, 1,4-tetranetbJlena diiaoc7aneta end 

1,10-deeamethylen• diiaocyanate. 4,4'-met'bJlecebit(ayclohexyl 
2S iaocyan.at1), 4,4'-metby1erae--bla(l-cnethyl c1clabexy1 l•ocy~ate), 

b7dro1•nated toluene dii1oa7aaate (incllldins b.1d~ogenated product• 
af: (a) the 2,4•iaomer, (b) tbe 2e6-i•om•r. (c) the 

80/10•2,4/2,6-i•omer mixture and (d) the 65/35-2,4/2,6-iiomer 
mbcture). 4,4'-11op~pylidene b1•(cyc1ohexy1 isocyanate), 

30 1,4-c1clohexarie dii1ocyanate, 4,4 1-dic7cloh1XJl dii1oc71Date, 
2.4'-dicf1:10hexyl diisocyanate, tetram1th1l xylene dii1oc7anate. and 
3~isocyanatomethyl-3,s.s-t~imethy1c7clohexace i•ocyaoate. Jreferably, 
the aliphatic 4ii1oc7anate i• hydroge~ated toluene ~!isocyanate or 

l-iaocyauatomethyl-3,5,5-trtmetl11lc7ctohexane iaoc1anate (!sophcron• 
3' diisocyanate). 
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A• deec~ibed, compO'C\en.t A ia th• foresaing graphic 

mcp~••1i0111 repre1eut1 tbe reaid\ae, ·i.e •• a!ter r1moval of the 

t•nlnal hydroxyl groups. of a •aturated aUpbat:Lc polyol • .!:,I•• diol, 

such as an alkane 41ol con~ainia1 t~om 2 to&, e.g., 1 to 4, carbon 

5 atoma,_ diatttrlene glyco1 9 pol7ether diole, polyca:bonate diola and 

polyeeter diola. Preferably, the aliphatic polyol f roa which the 

component A originat•s i• a 1iqul4 at roo~ temperature aa.d is a 

polyeater d1o1 or a11cane dio1. 
fol7eeter diol• may be prepared b1 tealuliquea well-Im.ova in 

10 the art, •·•·• uain1 aaturated dicarbox1llc acid• or anhydrld•• 

che~eof (or combination of aeid1 and anh7d~idee) and polfb1dric 

alcohola, or by rinr open.lag of caprolactonea, e.,., ep1ilon 

c&prolactone, with a straight chain 1l1cot, e.g., diethylene g1tcol. 

Sucb po1ye1te~ diola .ad their manner of prepa~ation are well ~uowa 

15 and are ful11· deacr1be4 in the publl•hed literature. Many are 

commerc1allf aveilable in various molecular weight•. Aliphatic 

dicarboxylic acid• su1ta)le for prepar£a1 polyeaters &J:e those 

conta1n:lnc from al;)cu.t 4 to about 14. prefe?:&bly frcm about. 6 to about 

10, carbon atoms inclusive. &camp1e1 of auch dicarbOX)'lic acid• 

20 !ncl\lde1 aucein:lo acid, 1l~taric acid• acltpic acid, plmel:lc &cld, 

au.be:ie acid, azelaic acid and 1ebacic acid. Correapondinr auhydride• 

can al10 be u1ed. Typically, adipic and a11laic aeid1 are uied. 

The pol7h)'dr1c alcohol• 1.111ad iu the prepa~•tiO'O. of polye•t•r 

dials an tJPical11 aliphatic alcohah coata!nin1 at leut 2 hJdroxr 
2S cro~p•· ··•·· strai1ht chain 1lycol1 containing fro• 2 to 15, 

preferably fr011t 4 to 8, carbon atom• iAclu11ve. More preferablJ• the 

aliphatic alcohol& contain only 2 hydroxy 1roupe. Tbe 1l1cola contain 

hydt-oxJl 1roup• preferably in the teniia.al poa!tions. lxupl•• of 

such polyhydr1c alcohols inc1ud• ethylene 1l1col, 4ieth)'leae 11yco1, 

30 tr:Lethylene gl:ycol, tetraethyleue 1l1col, 1,3-p:opane d:i.ol, l,3-butane 

· diol, l,4-butane d:l.ol, i.s .. peutaue diol, i~i-~U.metb11propane dlol. 

1,S-hexan• diol, 1,7-heptane diol, 1,8-oatane dio1 1 1,10-decaae dial 

and mixture• of •~h polyhydric alcohol•· 

In preparing the polyeater diol, the dicar~oxylic acid (or 

35 anhydride thereof) !1 reacted with the palyhydr!e alcohol usually !n 

the pneence of a sma1l U'lount of e1terificatio11 c:ataly•t, au.ch a.1 a 
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c:onven.donal orr•no t:tn catalyat. The amount of •cld and alcohol 

u.aed will v•t)' •~d ·depend ·on· t·be pol7e•ter molee\l.l&i- we:11bt cleat.red. 

Hydr~ terminated polye•ter• are obtained b7 utilizina an_~ceaa ct 

the alcohol, thereby to obtain linear chai~• containing a 
.·.,-:-. 

5 pregoaderuce of terminal hy4Z'OS71 group1. Zxample1 of pol1ester:1 
include: po11(1,4-butylene adlpata), poly(t,4-butylene succi~ate). 

pol7(l,4-butylene rlutarate). poly(l,4-butylene pimelate), 

poly(l,4-butylene 1uberate), pol7(1,4-butyle~e aselate), 

po17(1.4-butr1•~• 1ebacate) and pol1(epailon caprolactone). ro11e1ter 

10 diol• contemplated for u.48 may have a molecula.t weiaht averase 

1110lec:ular weisht fi-om &bout 400 to ebout 2000, ••I•.• fi-om about 400 to 

1000, based 011 hydroxyl end 1roup anal7ail of the polymer. 
rol1c•rboriate diole that 11181 be used to p~epare the aliphatic 

uretbane compoo.ent of the polyol (a11y1 carbonat•) campoa:tt:ion may. 

15 have weight avera1e molecular vei1hta rau1ing from about !500 to about 

5000, ••I•• 550 to 3300. more particula~1J from 750 to 1500, aa 
deterJ111aed -7 hydrOXJl end group analyais. Aliphatic po11~•~bonate 
diols are de1cribed in u.s. ratent Noa. 3,248,414, 3tZ48.415. 
3,248.416. 3,186,961, 3,115,668, 3,764,457 and 4,160,853. Such 

20 hfdroxy-ternd.nate4 pol7carbonat•• 111&1 be prepared from (1) carbon 

dioxide and l,i"epoxidea, (2) cyclic carbonate•. 1uch aa ethylene 

carbonat•, o~ (3) from c7cllc carbonate• and 1,2-eposidaa by method1 
knovn in the art. Polycarbonate diol1 may al10 be prepared h7 

reacting aliphatic diol1 with bi1chlarofoZ11111te• of al1pbatic diola iu 

%5 the preeenc• of inert solvent• and acid acceptor•, e.g •• tertiary 

.-nine&. In addition, pol1c&Z"boaate dlols 111ay be prepared from 

g1yco11, auch •• ethylene glycol, pro~yl•ne glycol asid dletb7len• 

alycol, and dia1ky1 carbonate1, au.ch a1 diethyl carbonate and dimethyl 

carbonate. by a transe1terification reaction. 
30 In particular, u.s. Patent 4,160,853 describes the aynthe1is 

35 

of aliphatic polycarbonate dial• b7 the reactlO!l of an aliphatic diol 

&Ad a di&l~yl carbonate iu the pre•ence of a titanium c:ata1y•t· Th• 

reac.tion sequea.ce may be depicted. by tbe following equation: 

IV 

ii 
I 
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whereia u ii a numbe~ frcm 4 ta 46, a2 i• an aliphatic croup (linear 
or c7clcaU.phatic) contai11:ln1 from 4 to abaut 10 carbon al:ome, ancl 13 
11 a lower alkyl croup containiu1 1 to 4 carbon atoma. !refer~ed 

. ·----
aliphatic diola include: 1,4-butane diol, 8'4d 1,6-hexane dial. 

5 Diethflc~bonate ie a pref erred dialkyl carbonate. ?he pref erred 

cataly1t1 •~• tetr•-alk7l 1eter1 of titaiill.111, paJ"ticul~ly, 

tetrabutyl titanate. The dieclosure• of the afor•d••cr1be4 patents 

relating to the preparation of aliphatic pol7catbonate d1ol1 are 
hereby incorpo~ated by reference. 

10 Polyether diols, ••S•t poly(oxyethylene)rl1~011. 
pol7(oxy-1,2-propyleita)1lycol•• and poly(oxy-1,4-but1lene)gl7eol, 
that may be uaed to prepare the aliphatic uretbane compount a! the 

palyol(a11y1 carbonate) compositicns may al10 vaty in molecu14r 
vei1ht. Po17(axyethylene)1l1cola may ra:nge in molecular weiaht f~o• 

15 about %00-4000, more partic..Ua~17• 750-3300, e.g., 1000·2800, Liquid 
poly(ox1et1'ylene)1t1col1 having molecular wei1ht1 of below about 750, 
•• determined by hyd.roxrl end 1roup analytia, are patt1cular11 

cantemplated. Po1y(~eth)rlene)9lycol1 may be prepared by reaction 

of ethylene oxide with water or etb)'lene 1l1col in the presence of a 
20 catalytic llllOUftt of a Lewia aeid at 50-70'0. or Lawi• baae at 

uo-2oo•c. 
loly(axyprop7ltne)1l1cola may ~· p:1pa:1d s.n a manner 

•imilar to poly(axyethylene)1lycol1. Molecular weirht• of the 
pol7(axnrcpy1en.e) 1l7cob that 1187 be uaed to prepare the aliphatic 

25 urethane of the pglyol(al1y1 carbonate) oompoaition may va~y from 

about 400 to about 4000• e., •• 400 to about 2000, o~ 400 to about 
1200, •• detemia.ad by h,yd:rox7l end sroup anal7ais. Liquid 

poly(oxypropylene)glycol1 ate particularly contemplated. 

ln addition. )loct aad raAdom hydroxyl terminated copolymer• 

30 of ethylene oxide and propylene oxide may be uaed. Further. 
polyether clioh prepai-td from l,2-butrlene oxide, i.e., 
poly(oxy-l,Z-but7lene)1l1col, aud t•trahydrofuran •~• alao 

contemplated. 

· Alkane diol• contemplated for uae in preparins the a11pb&tic 
35 urethane component of the polyol(allyl. carbonate) composition are 

. 1J1iillbi 
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alkane d:lols containing fnM\ 2 to 6 carbon atoma, ••I•• ethylene 

glycol, propylene 1L1coL, 1,4~butUL• diol, 1,5..pea.taa.e 4iol and . . 
1,6-hexa• dial°. l:r:afel!'ably. the alkan.1 diola contaiu terminal 

hydroxy aroupa. 
5 The aliphatic urethane u1ed to prepare tbe polyol(allyl 

cal'b<mate) compo1it.:lon1 of the preaent invention mq b1 prepared by 

method• derived f~o• tho•• deac~lbed ift the literature. For examp1•1 

the al:lphati~ dii1oc1anate, •• ,., iaopho:r:oue d1i1ocyanate, ma,- be 
~•acted with allyl alcohol at from 30·60•c., e.g., 50-to•o •• in the 

10 presence of a coaventional orgSDo tin c&tal71t, ••I•• dibutrl tin 
dilaurate, to f o~ aa a p:r:iucipal product the ~onoa1ly1 alcohol 

aubatltute4 aliphatic dii1ocyanate. Thereafter, two •oles of the 

monoallyl alcoha1 1ub1tituted aliphatic diisocyanate are reacted with 

1aturated aliphatic dio1 1 •·•·• polyeater d1o1 and/or alkane diol, at 

15 &bout 60-1o•c. in the p~esenc• of the oraano tin catal71t ta form the 

allyl-te:r:minated aliphatic urethane(s). A• uaed herein, the phraae 

"cantaia:l.nr terminal allyl unaaturet!an° with r .. pect to the 

aliphatic uetbafte aeana that each tenaf.nal end of tb.e urethane 

coutain• a functional 1roup containing allyl un1aturatian, 

20 Aliphatic urethane• containiar &Crflyl un•aturation in the 
terminal group may be p~epared in a 11111'ner analoaoua to that 

deacribed for the all7l-termin&ted aliphatic urethane, •·I•• by 

aubatitutin1 a material conta:Lnitla the ac,;rlyl functioua.1 croup for 

al171 alcohol. Such a material '11111.1 be 2-bydroxyethyl acrylate or 
25 2~b7droxyetbJl ~ethacrylat•. By raactina the mcmoa11y1 alcohal 

•ubatituted aliphatic diiaocyanat• mid the mono (2-hydroxyethJl 

acrylate) 1ubstitated dliscx:yanate Un whatever: ll01ar r&t:lo clesired 

far the 8'Dd produet mlxtute) with the saturated aliphatic diol, e.g., 

polreat•~ diol aAd/ar allcaAe diol, product• contaifti~g.both an 

30 allyl-canta!n!ng tezm!nal group and an acrylyl-coutain1n.g terminal 

1rcup m81' be obtalued. 
The aliphatic urethane• de1~:r:ibed herain may be prepared in 

11.ftY auitable oraanic solvent. In-• pr•ferced embodiment, the 101V9Dt 

11 the polyol(&llyl eatbonate) •••••• dieth7lene al7col bie(allyl 

3) carbonate). with which the allyL-terminated aliphatic urethane ia to 

be copc1111l9ri1ad. 

1t11~1inr 

• ! 

' 
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When uain1 the pol1al(allyl carbouate) mouomer e• the 

reaction medium, the aliphatic arethanaa may ccmpriae from 10 to 70 

percent of the prod~ct removed from the ::-eaction veasel. If the 
aliphatic urethane• comptiae an lllO'C111t greater than the 10 to 30 

5 wei1ht parc9'At deeired for the po1111e:i1•ble compositions deacribed 
h•tein, the reaction product cen be diluted with add!elonal 

polyol(allyl carbonate) until the composition concentrat!au des1re4 

· 11 obtained. 

The mixture of aU.pbatic urethaftu used to prepare the 

10 pol7ol (allyl ca~bon&t•) compo•!tlou1 of the present inven~ion may be 

prepe.r•d a!multaneau1ly in one reaction ve11el •• a •Ingle reaction 

product mixture, •• de1cribed l\ereiubtfore. Altern.ativelJ• each 

alipbatic u.rathan.e uaed. in the mixture may be prepared separately. 

and then each b1eaded (or diluted) with tbe polyo1(a11yl carbonat•) 

15 mcnam1r in tbe required propo~tion1 to obta111 the da•ired 
compaaiticm. When prepared 1:lmultaneoual7, the mon.0-111.lbatituted 
al:Lphat.ic d.:i.i1oc7auata Ca) 11 prepand as here:tnbefore described encl 

to tbia material 1• added (1) a blend of the aliphatic polyo1(4iol) 
re&ctaata1 1,e., the reactata foz:miuc the r.•idue of the "A" moiety 

20 in the expr•••lcm Ill-1, in the de1ired mole ratio proportiont11 •·•·• 
the polyeeter dial and alkane dial, or (2) tbe dl11imilar aliphatic 

diol• added ••quentially. rreferably, the alipbatlc diol that 

represent• the larger mnount of the two dio1• ia added first. F?~ 

example. when the alipb&tic polyol1 .uted are a polyester diol •• e.g., 

25 poly(caprolactone) diol and AA al~• diol. ••l•t butane 4iol, and 

the molar .mount of the polyester d!ol is lerge~ than the alkaDe 

dial, •·I·• the mole ratio of the· polyester diol to the alkaue dio1 
l• 911, the po11e1ter diol !• added first to the .mono-lubetituted 

aliphatic diiaocyanate followed by the alkaue diol. 

30 Aliphatic urethanes containing terminal bi1allyl-, 

35 

monoa1lyl/monoac1:1l7l, ancl bisac.r)'lyl functional 1roup1 mat be 

furtb•~ d•picted by the follovtn1 rr•phlc fo.t'Sll~1ae; . 

V-1 
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~herelft Al• the residue of tha •lipbatic po1J"01• •·I·• polfeater 

d"iol or &lkane d:l.Olt &nc! 1111 la the llydrocul>OD porticxa Of the 

aliphatic d£i1ocy81late. ly 1electic1 A end l''' from tbe ex&111ple1 

d11crib1cl hereinbefore. the aliphatic uret:hau c•n b• vaded to 

20 provide different all1l/acJ:7lyl-tei:mt.nated aliphatic urathace1 •. 

ro11111eriaation of th• po1yol(allyl carbonate) composition 

Ill&)' be accompl!1hed ~1 addia1 to th• composition an 1nitiat1uc amount 

of mate~!al capable of 1eneratin1 free radical•, 1uch •• organic 

per0X7 c:ompouncls. Methods for polymeridnc ,olyol(allyl carl>cma.te) 

25 coapo1i t!.ane . ue we11 mown to the 1'ld.lled artitan ad any of t:h.o•• 

,,.11 kftD'tlZI technique• may be used to po11111rise the af orede1crtbed 

polyurisable compolit!ozi. Suitable aaplet of or1a:lc pez:OX)" 

conapounda !naludar peroxymonocarbOD&t• a1tera, sucb •• 

tertiar)'butylperOX)' iaoproPJl carbonate; pel.'OXJ'dicatbosaate ester•• 
30 •uch aa 4f.(2-et;bylhex)'1) per:oxy41carbouate, di(1eeoncla1:7 but71) 

per0X7dica~bonate and d!l1oprop7l peroxydicarbonattJ diac7lpen>xidea, 

au.ch •• 2,4-d:l.chlorobensoyl peroxide, iao'butJ&"1'1 per:axid•t decnoyl 
peroxid•• lauroyl peroxide, propiOllyl peroxide, acetyl peroxide, 

benzo7l pt%ox!da, p-oh1orobe-n101l peroxide; peroxyest:er• such at 

35 t-but71perax7 pivalate, t-bntylperoxy octylate, and 

t--butylparoxyi1obut7rate1 methyleth7lketon1 p•roxide, 

acet7lc7clohaxan~ eulf0ft1l petoxide, and asobi•i•obutyronitrile. 

Preferred inltlator:a are thoae that do not discolor the re1ulting 

resin polymerlsat•• 1uch •• diisopropyl p•roxydicarbanate. 
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?he amount of in1tiatar uaed to initiate and pol}'merize the 

polyol(allyl carbonate) compo•itioa may vary and will depend on the 
particular initiator uaed, th• make-up of the ccapoaition, •·I., the -ainotmt of all7l 91ld acr)'lyl·functiosial 1roup1 preaent, and the (e1ree 

5 of c:ux-•. Only tbat amount that l• required to initiate ao.d auatain 
the po17ft1eri1ation reaction ii required, t.e., eu inltiat1ns amoun~~ 

Witb re•p1ct to th• preferred peroxy compoun4, d1i1oprop11 
peroxydicarbonate, t71tcally between &Jlout 2.4 and about 3.S parts of 
tbat initiat:o~ per 100 part• of the palJ11S9ri11&ble composition (pbal) 

10 may be used. Mon usually• between about 2. 75 ed. about 3.15 partt 
of that iniiiator per 100 part1 of pol,..rt1able cmnpoaition 11 ~•ed 
to initiate the polymeri1ation. the .mount of initiator and the 
ccn1eqU8Jlt cure cycle should be adequate to produce a polymeri1ate. ":"' 
havin1 a 15 aecOftd larco1 bardn••• of at lta1t 10, pr•te°iab~t · 

15 lea1t 14, •·•·• 10 to 35, Typica111, the ~ure cycle ~nvolvea heating 
the po1}Jlterimab1e composition in the pr .. ence of tbt iAitlator f~O• 

room temperature or 45•0. to about 95-tos•a. over a pe~iod of ebout 
11-21 houri. The·eurface of the cured •trb: 1h~ld not be •o b•r4 

that, in oue embodiment, hnbib:ltion of 9hotochrom1c aubatanca• i-nto 
10 the inatrix by inae"don or thermal transfer: :f.•·:Luhf.bited or prevented 

lf that 1119thod of incorporatiDI the photochromic eubetance 11 u1ed. 
In one embcdimeut, the pol3'111eria&te i1 1li1btl7 undercured t~ enhance 
permeation of th• photochromic 1ub1tance. 

Varioua additives may b• lnco~po~ated with the pa1ymer!sab1e 
25 polyol('allyl car'bon&t•) compo•ltton. Buel\ &dditiTea -.1 include 

li1ht stabllisara, heat 1tabili••%• and ultraviolet li1ht absorbers. 
In addition, it i• contemplated that a forin of photochromic substance 
re•i•tant to the effects of the peraxy-type initiator mar also be 

added to the pol1111•ri1able resin competition. Such pl\otoehromtc. 
30 1ub•tan.ce1 include photochromic pipsente and pbotochromie compound• 

encap1ulated in metal oxides, the latter of which ia •ucb •• 
de1cribed ift u.s. Patent 4,166,043 and 4,367.110. 

In. edd.it:l.on it i1 c:ontemplatecl that fs-om &bout 0.1 to about 

0.5, •·I·• 0.1 to 0.4, weicht percent, baaed on the weight of the 
35 copol,Jmerizable mixtu:-e. of a dialkyl pyrocarbonate may be added to 

-

P. 2C 
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the po:L,..erilable campoaiticm.. 8ucb dialky.1 p7:rocarbone.t•• mat be 

repr••euted by the graphic formula, l"-0-C(O)-O-C(O)-O-R.'', wherein I" 

1• 1elected t~om the group aonaie&i#I of C1-C12 alkyl aAd 06-Clo 

c7cloaltql. Preferably, I" 11 & lower alkyl, e.,.,.C1-04 alk1l, au.ch 

5 a1 etbyl. Diethylpyrocarbonate 11 economicallf preferred • 'lb• uae 
of dialkyl pyioc&rbonatea to inhibit yellowing of eaatinas of 

pol)'ol(allyl ce~bone.te) compoa1tion• ia de1cribed in copattdin1 u.s. 
pateiit application Serial No. 07/367,539, f:lled May 4, 1989. t.he 

description of which dialkyl pyrocarb011at11 is hereby incorporated 

10 berain intoto by reference. 
l'be lfftthet:t.c o.r1anic polymerizate obtained. by 

pol711eri1ati~ of the polyol(all7l carbonate) compo1ition will 

preferably b• traaap&rent or optice111 clear •O that !.t: ma7 be ueecl 

for optical 1en•••• such as plano and ophthalmic 1easea, win4owa, 
15 automotive tran•pa:reAcie1, e.c., wiitd•hield•• t-roof1, a£4e11ghta en.d 

'bactl:tchta, an4 for aircraft tranapuenc:lH, etc. The polymeri•ate 
. . 

&lao •hould b•· transparent t.o that portion of the elect:romapet!c 

. spectrum vh!ch activate• photoclttolnic aub1t1nce(1) that mar be 

incorpo~ated in the matriz, i.e., tbat wave1es11tb of ultraviolet (U'I) 

10 ll1ht that produces tbe colored or apeu fo:m of a photochromic 

1ubltan.ce and tbat. portiOll of the vi1ibl• apectrwn that include• the . 

ab1orpt:iou 1111X!mum wavel1n1th of tlUt photoclu:'omlc 1ub1tance !n it1 UV 
activated fon. i.e., the open form. 

Sine• the pol7111eri•able po17al(all1l carbonate) composit!oo 

25 ~ampd.ae1 f~om abo~t 70 to 90 wight perce:nt pol10l(al11L cubonate) 

the phy1ical propertie• of the cu~•d (polymerized) material of the 

pre1ent .invention are 1!~ilar to'tha•• obtained for hOmopolymera of 

tbe pol1ol(allyl carbonate) lllOilomer, •·I•• dletbylene glycol 

bia(allyl carbonate). J'or optical &pplicationa 1 •uch p~operties 

30 iucluda relatively low yellowneH, low ba11, adequate impact •treuath 

and hardne•s, •ultable ab~a1lon reaistaace for po1Jmerizates of 
polyol(a1171 carbonate), clye&bilit7 end argania solvent re•!sta~c•· 

Such .Phr•ical progertie1 ar:e de1cdbed :lu "'rh• Ban.dbook o.f Plast;ic 

Optic•"• ••cond edition, U.S. Precidon I.ens, Inc., Cincinnati, Ohio, 
35 1983, which is incorporated herein b7 reference. 
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Pbotochromic a~ticle1 deteribed hecein 111a1 be obtained by 

i~corpo~atin1 in or applying t~ th• afor1d11cribed •ynthetic organic 
aolid pol)'lller!aate (ho1t "-t1rial) at leaat one organlo photocbromic 
com;ou:id or composition• contaiaing at leaat one org1n1c photochromic 

S compound (herel.naf ter collective11 referred to •• "photoch:omic 
•ub1tance(1)"). Incorporation or appU.ca;ioc of a photoch~omic 
subatance to the ho•t material. may be aceompl11hed l>;y vuio'31 methods 
de1cribad in th.I art. Such method• include di11olvln1 or d1ape:11n1 
the photochromic 1u~1taiice within th• plastic hoet, •·I•• illtb1)it!an 

10 of the pbotachr0111io tu'batanct into the plaatic boat bT inneraion in a 
hot solution of tha-aubetcc• or b;;r thermal transfer; providing the 
pbotachromic 1ub1tance a1 a separate layer between adjaceait layers of 
the bo•t material, ••I•• u part of a pol711er fUac and app1J1ns the 
phatochromic 1ubatauce •• part of a coating placed on the •u~!•c• of 

15 tbe boat. 'l'he ten1 "imb:lbit::lon" or "iatbib•" it intended to mean and 
incllld.e pe1:meation of the photochromic •ub•tance alone into the 
aubau~fac• of tbe •)'llthetic pla•t1c boat mat•~ia1, aolvent asa!ated 
tranater absorption of the photooht'Olllie sub•tance ilito the 
po11ftlerizate, vapo: phaae tran1f~r and oth•~ auch transfer 

20 mecbani•m•• The thetmal tran.•fer of photochrC11111ic 1ubatanae• into a 
traGaparect plastic ho1t matarial it known to the skilled &l'titaA and 
1• de•cribed iu the 11teratUJ"e, See for ~ple, U.S. ratenta 
4,286,957 &ftcl 4,180,667, aud.copesidJ.n1 u.s. patent application Serial 
No. 07/4f0,019, filed Ma~cb 7, 1190. whicb a;e incorpo~ated herein in 

25 toto 'b1 ref eresace. 
Th• a11ount of pbotochroanic 1ubataace(a) incorporated into 

the l)'ntbetic plastic hoat may vat']I' and will 4•peAd on the method of 
incorporation. Typ:!.cally, a tuffidesat amount, :f..e., & ••photochromic 
amo.unl:", of the photochi-omic 1ubetuc1(1) 11 used 10 that .the 

3~ reaultin1 a~ticle ia photochromic, i.e., p~oduce1 a photochromic 
effect. B7 "pboto~hi-omic" oz.o "pbctochromic ef fact•• i• meant that 

when the photochromic•contaiains article is expoaed to ult~aviolet 
liaht, the article visibly chana•• color (or b•ecxatt colored) and 
th.en. retun1 to it• or!riul color or colorleaa state wh• the 

35 ultraviolet light i1 removed. 'the photochrOJDic effect may be readily 

.. 1Tii1iiif iT 
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obaerved by expo1iu1 1uch a photochromie sul>atanca-coat•ining 

!: 23 

article to a aource of natUZ"al ~ltr•violet liaht. such as the sun, o: 

ta au artificial ultraviolet 1lsht source, •~h as a Spect~!!n• 

8upez4 Lamp, Model M ar ... 29 (365 nan01111te:ra). Generally, the amount 

5 of photochromic 1ub1ta~ce(•) incorporated iftto t.ha article ma1 vary 

from •bout 0.01 to about 10 or ZO we!rht pe~cent. Mo~• typically, 

the 1111ovnt o! pbatochromic 1ut>1ta'Dc•(•) ittco:rpo~ated into the article 

me.1 range from about 0.01 to about 2 wet1ht percent, e.g., from about 

0.05 to about 1 weight percent. 

10 Pbotochromic aub1·tance1 tbat may be used to prepare the 

pbotochromic article of tb• pre1ent invention may be any auitable 

orranic photochromic av.b•tance that provides a viaual photochromic 

re1pon1e wht11 incorporated into the bo•t &Dattrial deacri~ed her•in; 

that are di1per1ible, •·•·• aoluble, witbin the host material, an4 
15 that are chemically compatible with resin. Photochromic aub1tancea 

tbat. •1 be uaecl are varied. laJ:ticul.arly coutamplated claases of 
pbotochromic compound• that mar be used include: 1piro(lndolino)•t7pe 

compound•• aucb ae 1piro(lndolino)pyridobenzmcazine1, 
1plro(iadolino)uaphthoxa11Ae1, 1piz'o(bensindoliDo)pyridobeuzoxazi~••• 

20 eptro(bens!udolino)naphtbaxaal11e1. 1piro(b•n•i~do11Ao)naphtbopyraa.1 1 
1piro(indoltno)benaopyran1, 1p1ro(1ndolit10)n&pbthop7ran1, 

apii=o(indo11uo)quinopf:ana, apiR(1nt!oUno)ben1oxa1in••• cbromnea, 
i.e., ben1opyran1 and 21 and 31 napb.thop7rena, metal clitbilonata 

compoUDds, ful1id•• or fulgimid•• and apiro(di)bydroindo1iziae•• 

25 'l'be.particular photoctu:amic •~•tance(a) •eleeted for U8e 

will de1'9nd an its compat1bl11tJ wlth the re•in 1 ia.clud!nr its 
solubilit7 therein, aiid the particular chan1• in color desired for 
the photochromic article. It i1 alao contemplated that mixture• of 

two or more photccha:osaic 1ub1t.emce• may be used. 
30 . Phatocbromic compound• that may be utili•ed to prepare 

photochromic articles of the present inveution are for the most part 

described :in the open literature -.iid are the subject of variout 

patent publication•• For example, 1piro(!ndolino)naphthoxazines have 

been described, among otbera, in U.S. rateut Na1. 3,561,1721 

35 3,578,602, 4,215,010 and 4,342,668. Splro(lndoli~o)pyrido 
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ben.1oxazina• are described in U.S. latent 4,637,698. 
Spi~o(ben1!D.dolino)p7~idoben1oxa1i11e1 and aplro(ben•indoli~o)­
naphthoxasine1 are described in u.s. Patent 4,931,218. 
Spiro(beusindolino)-naphthopyraua are described in Japanese pat1nt 

5 publication 62/195383 and are represented by craphtc f ozmu.la VI 

10 CH3 

VI 

15 

20 Wherein a2, 13. a4 and is are alk:rl 1roup1 b.avt111 1·4 carbons, 
halo1en-1ub1tit~ted alk7l group• having 1 or 2 carbon1, alkOXJ 1roup1 
havina 1-la carbn1, h&losen 1roup1, or nltro 11:oup. 1 and n are 
iateaers of o-z, m and t are inte1er1 of 0-4. and wherein a2, al, a• 
aod 15 mq be :l.dant:l.ca1 or dift•~ent; 11 repreee11t1 an m:i.•11'batituted 

25 or sub•tit~ted alkyl r~oup ha~lng 1~!0 ca~bon1, U111ubatituted or 

aubati~uted·cyclo•lkyl 1roup have 3-10 carbon1, an un1ub1tituted or 
. . 

auba~!tuted arallcyl group having 7-10 cazbmi1, or am wa1ub1tit~ted or 

•ubatituted aryl ·aroup havin1 6-14 carbon1. 
8piro(!ndolino)ben1cxa11ne1 are de1c~ibed in U. s. Patent 

30 4,816,,84. Spiro(indolino)ban•oPYran1, 1piro(iadoltuo)­
napbtbopyren1 and •piro(indolino)quinopyran1 are described, for 
•xample, in U.S. fatea.t 4,880,667. Spirop7ran1 are al10 de•cribed in 
the text, r•chnia»t• pf Qh1my ~U t Voh:me III !'hotocbrot1i1m, Cbapt:ll' 

3, G1enn a. Brown,Bditor, John Wiley and Soni, Inc. New York 1971. 

I 

! 
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Photocb~omic oraauo-naetal ditbiaonates. i.e., (arylaso)­

thioformic aeylhydra1idate1, ••S•i mercury dithi1ol)ates, are 

de•cribe4 in, for example, U.S. Patent 3,361,706. Pal.side~~ 

fl.ll.1!ndde1. e. g. the 3-furyl and 3•thienyl fu11ide1 and fulaimldea 
5 are described in U.&. latent 4,220,708. 3~pyr~yl fulgidea and 

ful1lliaide1 are described in U.S. !•teat 4,737,449. Spiro(di)b1dro­
lndalisine1 are deaaribed, for example, in U.S. latent 4,931,220 at 
column 20, lice 5 tb&"Ougb colUDlll 21. line 38. Certain chrcmeo.ea, · 
!.e., b•ft•OP7r•n1 and napbthopyrafta 1 are de1cribed 1:i U.S. Patent1 

10 3,567.605, 4.826,,77 aad 4,980,08' and lu copendin1 U.S. patent 
application• Serial lio1. 01/490,031 filed Ha~cb 7, 1''°• 07/,57.432 

filed Septembe~ 23, 1990 and 07/624,816 filed December l, 1990. 
Those portions of the aforementioned identified patent 

publ:i.cat:l=• and appU.cation• tbat deaori'be the var.iou photocbrom:lc 

15 compounda c•nerically *14 specifically are hereby incorporated in 
12ta by reference. In particular, col'U12D 8, line 51, throt13h cclUllQ 
~. line 40 of u.s. latent 4,931,220 Which deaeribe• epacific 
apiro(indoli.fto)•t7pe pbotochro~ic compoU11.da and other photocbromic 

compound• and the discloalll'e relating thereto ia incorporated herein 

ZO Ja ~ b7 reference. 

25 

'!he preaent invention 11 more partieularly detcl'ibed in the 

followiug examplea. which are intended aa 111uatrat:ive on17, •!nee 
·nume:toua modific:aU.01'• and •ariaU.ona thel'ein will be appare'Dt co 

thoae •killed in the art. 

UNJPLI 1 
DiethJlaue atyccl bia(allyl carbonate) (1349.5 11 -.p mole), 

l1ophoron• di!•ac7att&t• (1111.5 It 5 mole1)1 and ~ibutyl tin 

cU1aurat:e (0.5 g) tr"ere charged to a 5 l!ter1 jacketed, 4-necked fla1k 

30 equipped with mechanical 1tirrer. addition fuzuiel, thet'fllCJJIHSte~, 

nitroaea purge and water/ethylene 1l1col temper•tu:e ~ath, The 
contents of the reacti0n flask were heated to 5o•c. with rapid 

agitation and a moderate nitroaen purse for 45 •in~t••· ?he aitra1en 

purse was reduced and a mixture of allyl alcohol (274.6 g, 4.7 mole•) 
35 and 1-hydroxytthJl methacrylate (34,4 ,, 0.3 mole) wae added to the 

~eacti~ flask over & period of two hours. .An exotherm to 56•c. was 

i 
. ' 

' 
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ob•erved. 'l'he reaction mixture wa• allowed to cool overni1ht. 

'I'heiea.fter, th• reactian mixture waa be&t•d to s1•c. fc~ one hcur. 
Subsequ.eutly, about: 1145 grll'll of a mixture Df 80 mole percent 

poly(caprolactone) diol (about 530 ~olecular weiiht) and 20 1110le 

5 perc.nt l,4-butane diol wa1 char1ed to the reaction fl .. k over 5 
houri at a temperature cf 60-61•c. The reaction wa• continued for an 

additional 4S minute• Alld then the ioeaetlon m!xtU1'e allowed to cool 

overniabt. In the mcrning. the temp•~•ture af the fl•ak was 
incr••••d to 60•c. and the product drained from the reaction flask. 

lO ?be product ••• a 65 weight perce~t aolution of aliphatic urethane• 

derived fr011 polycaprolactone 4io1 and butacle 4iol in d1ethy1ene 

glycol bia(allyl cazbon.ate). 
1Xhe reaction produat was a very ligbt etraw color. The 

aliphatic urethaue portion of the ptOd1'Ct v .. calculated to comprise 

15 about 71.6 mole percent of bi1(all7l-tet'l'ftlnatad) urethane baaed on 

the poly(caprolactone) diol, about 8.4 mole pe~a1111t of 

monoall7l-te:111inated, monamethacrylyl-terminated urethaae baaed on 

the pol1(eapro1actone) 4icl, aba~t 17.t mole percen.t af 
bia(a1l7l-t111:nninated) ~ret:hane baaed Oil 1.4-bu.tane d::to1·, ed about 

20 2.1 mole perc:eGt of monoall1l-terminated, moaomet.h&c11l-tenstnated 

urethane based on lt4·b~t4Ula 4iol. Dilution of the product •itb 

dietby1ene 111col bi1(a11yl carbonate) to an aliptaatio 1.1rethane 

concent~at!oa of 16.64 weltht perceftt save • clear product bavins & 

very 111sht 7•11ow tine•• a Jrookfitld vi1coa!ty of 57.4 centipol••• 
25 at 25'C., and a Yellowne11 Inaex (through 5 ·cent:l.m•tera) of 2.76 1 as 

measured by a Hunte~lab Triatimulu. Calorimeter, Model D2SA-9. 

gXAM!LI 1 

Following the procedur• and U.iftl' th• equipment of !x9mp11 l 

30 diethylene rlycol bis(allyl carbonate). (1214.8 g, 4.!5 mole), 

iaophorone dii1oc1an&te (1111.S I• 5 moles), butylated hydroxy 
toluene (0.15 ll1 and dibutyl tin d:Ua1Uate (O.I c) were add.eel to the 

reaction flaak and heated. to .5C'C .• with rapid agitation. A mixture 

of allyl alcohol (159~8 g, 2.7 moles) a.ad l•hydroxyethyl acrylate 

3S (261.1 It 2.1 mole) was then char1ed to the flask over a pe~iod of i 

houra. An u:othe~ to 56'C. waa ob•erved. Thereafter, the C"eaction. 
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•!xture waa heated to 60•o. for one llour. and poly(caprolactone) 
diol (1325 1) (about 330 molecular wel1ht) waa added to the reaction 
f laak over 5 houri - with an exotlierm to 62•0. ~•inc -obaerY_!!. Tba 
resultant reaction mixture was maintained at. 60'a. for one bour and 

J then at: 1o•c. for 4 hot.U"•· 1'be product waa drained fram the r•act:!.on. 
Uaak. fte product WU a 70 perca11t 1olut:loa. of aliphatic uretbnee 
lu diethflene 1l1co1 bi1(all71 carbonate). 

The :eact!oa product: _wa1 a Utht straw color, (Yelloweaa 
Index (throush ' cm) ot 8,74. The aliphatic w:et:ll:&fte portion of t:he 

10 p&'oduct wa• calculated to compr:lte •bou~ 30.3 mole pel"cent of 
b!a(al1y1-tezmiuat•d) urethane ~ated on the poly(oap&"Olaatoue) diol, 
about 20.2 molt percent of th• bi1(ac:yl1l•t1r:minated) urethane baaed 
cm the poly(caprolactone) d!ol. and about lf.9.5 mole percent of tlle 

monoallyl•te:minated, monoacrylyl•ter111issat1d uretbasle baaed au the 
15 pol7(caprolactone) d1o1, Dilution of p:toduct with 4ieth11ent rlycol 

'bh(ally1 carbonate) to an aliphatic urethane concentrat!cm of u.o 
weight percent gave a product bavift1 a Bzookfie1d vi1coai~y at 25•c. 
of 64.4 centipoises and a YeUown.-.a Index (tbrough 5 ell) of 2.53. 

20 

rollowina the procedure d11cribel1 its !Xutple 1, a 65 weirht 
pe~cent aol~t!oii 0£ aliphatic urethane 4etived from 
pol7(caprotactone) .dlol (about .530 molecular we!.1ht) url 1.,4-bu.tue 
diol in dieth7lene 1lycol bia(a11Jl carbonace) waa grapared in a 

25 3-liter reactor equipped like the 5•llter reactor of lxamplt 1. The 
in1ra41ents u.ed wer. 41eth1len• 1l1co1 b!a(allyl =•rbouate) (539.8 
•• 1.9 m0le), i•ophcrone dii1ocy1aate (444.6 I• 1 mole). d!b~tyl t!D 
dilaurate (0.2 1 ), allyl alcohol (104.6 g, 1.8 mole), 2-hydrox7etbyl 
methacrylate (26.Z It O.Z mole), and a mixture of 80 mole percent 

30 po1y(eapi-o1&ctone) dial a:od 20 mole percent 1.4-but111t diol (44Z g). 
'l'be ~txture of allyl alcohol acd 2-h;rdroxyethyl methacr,late waa 
added over 73 minutes to the reactor containinc the d!ethyleiie 1lycol 
bia(allyl carbonate). t!le ·d:Usoc)IUia.ta and eatalyat at 4s•c. An 
exotherm to 55•0. waa ob1erved. the reaction mixture waa then heated 

lS at 6PC. for 45 minutes and the poly(caprolactone) cH.ol/bu.tane diol 

" P7 . .. -
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mbct~re added over 3 hour• and 45 minute• with 1111 exotherra to 63•c. 
obterved. The reaction waa contisu.iecS for 1 hour at &o•c. ad then at 
1o•c. for 2 houri. the produ.c:t waa then drained frOll the ~•actor. 

-~-Tb• pl:'odu.ct wa11 atraw oo1o7:ed. ·When rSiluted witb further 
S 4ieth71ene glycol bi1Call71 cerboaate) to a 16.6 weight percent 

aliphatic urethane concentratiou, th• diluted product had a 
Brookfield vi1co1ity at 1s•o. of 77.5 centipoi••• and a tellowneaa 
Index (t:hrough ! c:m) of .S,f3. The aU.pbatic urethane portion of tb.e 
product waa calculated to comprt•• about 69.6 mole percent b1a(allyl~ 

10 terminated)-, 16.3 Mola percent monoa117l/monometbaeJ:7lJl­
terminated-1 end 1.0 mot• p•~cent bia(methacrylyl~teniaiuated)­
uretba11ea ba1ed on the po!y(caprolactone) dial, end about 10.5 mole 
percent bis(allyl~terminatecl)-. 2., mole percent 1110S1oallyl/m0110-
acrJlyl~terminated-, and O.l mole percent bi1(m1thacry171-

15 ternd.nated)-uretbau11 ba1ed en 1,4-butan• diol. 

RAMJltli 4 

ID tbe manner de1cribed ia Bxao&pla 2, a 70 weight percent 
•olutl• of aliphatic urethaae derived f Zooaa poly(capt'olact.one) diol 

20 (ebo~t 530 molecular weisht) 1.11 di•tb11ene ·al7col bia(allyl 
carbonate) waa prepared in a 3-litet ~•actor eq~1pped like th• 
5-1.f.ter reactor of lxample 1.. ft• insredients us1d were diathybne 
aL1col bia(all7l carbonate) (468.3 Ct 1.63 •olt), !1opho:tOlle 
dii1oc1anate (444.6 S• 2.0 mole). d~butyl ~in 4ilaurate (0.2 1), a 

25 mixture of &1111 alcobol (109.8 '' 1.89 mole) and 2·h1~0X1•t~l 
matbacrylate (13.8 I• 0.11 •011), and poly(caprolactoua).diol (530 I• 
1.0 mole). The mixture of allyl alcohol and Z-hJdrox,.ethyl 
methacr:ylata waa added over 2 hours to the reactor containing the 
diethylene slycol bis(all71 carbonate), the diicocyanate an4 cataly1t 

30 •t 45•o. An exotherm to s2•c. was observed. The reacti0t1 mixture 
wa• thesi heat•d at 60•c. for 20 miautes and the poly(cap=olactone) 
dio1 added to the teactor over 4-1/2 how:-1. No exotherm was 
observed. !he reaction wa• continued for l hour at 6o•c. and for 2 
hours at 10•0. The product W•• drai~ed from the reactor. 

35 ?he product was 11sht atraw colored and had a Yellowness 

ilii1nr 
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Index (thro\\gh 5 cm) of 5.85. When dilut.ed with further dietbylene 
gl7col bi1(allyl carbonate) to a 18.1 wei1ht percent aliphatic 
urethane c•cantration, the diluted· product had a Breiokfi.eld 
·vi1co11ty at 2s•o. of 89.5 ceutipo11•• and a Yellowne1s Index 

' (t~ourh s c:m) or 2.20. The aliphatic poiotion of the prociuct ...... 

calculated to comprise about 89.8 mole percent b!a(allyl­
ter11luated)-1 10.0 mole percent manoa~l1l/manometh&cr:ylyl­
terminatad-, and o.z mole pe:cent bl1(methacryl~l­
termi11ated)-uretbane• based on poly(cap~lactoue) diol. 

LO 

AMSPLLI 
To a 3-liter reactor e~uipped like the 5-litet reactoi 

de•cribed in Example 1 and containlDI dieth7,1.-ne 11,.col bi1(all7l 
carbonate) (4PS.5 I• 1.8 mole•)• taopho&'One di1•oc7anate (444.6 I• 

15 2.0 molaa). 4-metboxr ehenal (0.8 a> aa4 dibutyl ti~ di1aurate 
(0.2 a> at 5o•c •• was •dded over abouc Z how:1 a mixture of allyl 

alcohol (58.1 I• 1.0 mole) aAd 2-h7draxyethyl mathacrylate (131.0 I• 
l.O mole). An exotberm to S4•c. waa cb•erved. thereafter, th• 
reaction mixture wam heated at 60•c. for about 45 miuutea and the 

20 po17(caprolactozie) diol (S27 g, 1.0 mole) (about 530 molecular 
welsht) added to the reactor over about 3 boura. No exothetm waa 
ob1erved.. The reaction mixtl.U'• was cooled and allowed to Ht 

overnisht. The reaction m:i.xtUJ.'e was reheated to 1o•c. fo~ Z houri 
and 4 drop• af dibutyl tin dilaUl'ate w~' added ta aid the reaction. 

2.5 Beating,,.. continued for an addit1oaa1Itboure15 mit111t••· '1'1le 

reaction praduct w-aa then dral11ed fro~ the reactor. Tile product wa11 

a 70 weight percent 1ol~tion of aliphatic uretbaae derived froai the 
polr(caprolactone) dio1 i1l dleth7lene glycol bi•(allyl carbonate), 

the raactlon product was atraw colored a:nd had a Yellowne•• 
30 Index (throuah 5 cm) of 14.23. 'l'he aliphatic portion of the prodQct 

w .. calculated to compri1e about 25,0 molt percant 
bi1(all1l-terminated)~, 50.0 mole percent 
1110noallyl/moname_t:hecry1yl ... terminated-a and 2S. 0 111ole per:c:ent 
bia(metbacrylyl-terminated)-urethan•s bated on the poly(caprolactone) 

. ·-·· ·----------
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diol. W~en diluted witb furthe~ dietbfleQe 11yeo1 bi•(all1l 

carb01l&te) to a 19.3 weicht percent aliphatic uretbane concentration. 

the diluted product bad a Brootf ield viaco1ity at 2S•c. of 89,5 

centipoi1ee and a Yellownes1 Index (through 5 cm) of 4.58. ·~ 

5 
.QAM!LI 6 

A polyol(allyl carbonate) pol:ymerilablt compodt:lon 

compr!1lng about 99.7 wei1ht perceftt of the diluted product of 

lxample 1 and •bout Q,3 weight p1rcent diethyl pyrocargonate wa1 

10 prepared b7 addi~a the p7roca~b0Date to the 4i1~ted product. Thia 

compo1itton wa• initiated with 1.70 pbm of dli1op~op1l 

peroxyd!carbonate me! ca1t l-nto 6 x 6 x o.zs inch (15 x 15 x 0.6 cm) 

1heets uaina a mold prepared from two flat·1l••• plates sepa~ated by 

a 1a1kat. The polynaeri1ab1e composition w•• cured anae~ub!call7 by 

ts heating the compo1ition alawly frcm about 44•c. to lO!•Q, over 17 

hours. Tbe cured 1heet had a 15 1ecood Barcol bardfte11 of 13 (., 

iaea1ured at 23•c. with a Barcol Impre11or Model G?ZJ 934wl). 'l'he 

eaatia1 bad th• followin1 II', a* and b~ color value•, as measured by 

a Spactroga~d• II Oolo~ System Spectrophotam1t•r, 97.l, O.O and 0.4 

20 reapective1y. Theae values show that.the ca1tin1 wa1 nearly 

colorlea1. The percent li1ht tran1mi11ion of the caating, (?) waa 

92.6 percent. 

1¥iunpla l 

25 A. po17ol Cal17l carbonate) polJMri•able campoait.ion conip:dainc 

about 83.0 weight percant 'diatbylene 11yco1 bis (•1171 carbonate), 

14.5 weight percent of bie(a11y1-tarminated) aliphatic uretllene 

prepared from po17(caprolactcme) 4iol baving a molecular wei1ht of 

about 530 and isophorone diiaoc1ana~e, 2.Z wei1ht percent of · 

30 bia(all7l-terminated) aliphatic urethane prepared from l,4-butane 

dial a11cl isophorana diiaocyanate 1 an.d 0.30 weicbt percent dietl\71 

p7rocarbcm.ate was prepared. · Thie monomer compoai tion wa• in:l t:i.ated 

with 2.70 pbm a! diiaoprop7l peroxydicarbonate (IPP), and the 

composition of Example 6, which was alao initiated witb 2.70 pbm IPP, 

35 were eaeh u1ed to produce five 2-ba•e 11 milli•eter ed1e thick 
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•emi-f lniahed lens blaoks in a water bath. The lensea were cured bF 

heatin1 the mold1 alowl7 fram about 4~·c. to ts•o. aver 17 bour1. 

The mold• we:r:e then allowed to cool to ao•c. in the batb. before being 
. -

removed.. The lens blank• were then demolded at 40·50•c.. :Wo cf the 

5 1en••• cast uain1 the monomer compotition_ de•crtbed in this lxllllple 1 

pre-released, i.e., the casting had releaaed from the mold somettrne 

4uriu1 the curina cycle and prior to demoldin1. Pre-release results 

in a permanent· defect in the a11rface of the len.s vblch cannot be 

rep•i~ed. Such pre-released lee••• mu.t be dl1card1d. In contrast, 

10 none of the ten1e1 prepared uaiur the monomer compoeitiou of lxamp1e 

6 p¥e-ralea1ed. Two lenses f ram each 110Comer composition were 

imbibed with a photochr011io dye and all ahowad 1ood photocbromic 

activity under ultraviolet light. 

15 
A polymeri1able mcmomer ~Ollposltion compria:lng the diluted 

p~aduct of Bxample 2 and 0.3 weisht percent dletbyl pyrocarbonate waa 

prepared. Thi• COlltROlition wa• initiated with 2.60 phll of 

4i!aopropyl perox.ydicarbonate aud w.ad to prepate ten 2-base 11 

20 millimeter ed.. thick ••mi-f ifti1hed lens blui.ka by the ca1tiD1 

procedure described in Example 7. Mone of the lens blan't1 prepared 

from this monomer compoaition pre•ttle .. ed. 

Bximpt. 9 

25 The monomer compaaiticm. of IX&lllpl• 8 wae initiated with 2.70 

ptun dii1oprapyl peroxydicarbonate a~d ca1t into 6 :x 6 x 0.25 lncb (15 

x 15 s 0.6 cm) 1heeta in accord~c• with ·the procedure deaeribed :I.II 

lx11111ple 6. The caat 1heet had a 15 1econd larcol Kardneee of 12. 

The L•, a* aucl b" color value• for the ca1t:tn1 were t_7 .1. -0 .1 pd 

30 O.! respectively. The percent tran1mis1ioa. (Y) wa1 92.6 percent. 

the fore1oing color values show that the ca1ting wa• nea%ly co1ar1e••· 

A polyol(allyl carbonate) compoaiticna wa• prepated from a 

35 mixture of 20 weight percent of Uvithan .. 893 urethane diacrylate, 
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79.9 wei1ht percent dietbylene gl7col bia(allyl carbonate) and 0.1 

weight percent of dietbyl·pyracarbonate. Thi• composition wa•· 
iaitiated with 2.25 pilm IP1 and cast into 2•b&aa 11 milli.'118ter edce 
thick 1emi-fiuiahed le\8 blanks uain1 the aame cure cycle •• 

:S deec:dbed 111 Example 7. Th:e• of the1e 1•1ea Pd three len•H froai 

!xasnp1e 8 were imbibed 1.bn~ltaa.•oual7 with an identical photochromic 
dye material \dins a therinal tr9111fer method. !be lenses ware 
meaaured for photochromic re1pon1e at 12•r. (22•c.) and 95•r. 

10 

15 

20 

25 

30 

35 

(35•0. ), which data la tabulated in Table I. 

TAILli I 

zz.•r. cu•c.> 
Lena I Net Aba.1• 4o.u2· 
bamai1 L1a1 at ~!16 11111 a.~ min 1..m1a lQ min 

10 - 1 2.00 0.066 0.17% 0.303 

10 - 2 2.00 0.068 0.177 0.318 
LO ... 3 z.oe 0.068 0.178 o.ns 

8 - 1 l.H o.osa O,U! 0.384 

B - 2 2.01 0.085 0.211 0.369 

8 - 3 2.02 0.088 O.Z25 0.381 

,,.,, (J5•g.). 

10 - 1 o.oss 0.095 0.115 
10 - .2. .o.os1 0.095 0.111 

10 - 3 o.oss 0.098 0.119 

8 - l 0.073 o.us 0.133 

8 - z 0.010 0.11, O.l31 

8 - 3 0.071 0.115 0.1.33 

l • Nat abaorbance · 
2• l'he change in Optical n.usity [Las (100'/I 

0

'l:ranamittance)), 
i.e., the chanre equal to tha activated (or partial11 
aotivat•d) OD of the lens minus the OD of the unactivated 
lena. Activated OD is measnred after illumination with a 

200 watt Xenon ultraviolet li1ht for 0.5, 2 and 10 minute1. 
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The data of Tabl• I 1how that &11'6 le11•e1 contained about 

the same amauat of photocllroraic cl1e' material - tb111 Net: Abaorbuce at 

346 nt.ncmeter• bein1 abo~t the same, i.e •• about 2.00. (Net 
5 abeorbance beina tbe diff•rence between the ultraviolet 1iabt 

abaorbance at 346 am of the phctocbromic-coutaicing lea.1 minus the 
ultraviolet light ab1orbanoe at 346 nm of the oriainal cast lena.) 

The data of Table I ahow al•a that the lenaea of Bxampla 81 

1.e., lens•• p~epared from pol701Ca11yl catbcmate) compoaltlon• of 
lO tbe p~esent invention have an islproYed photochromic re1p~1e over the 

len1e1 ct Example 10 ._ aa lllu•trated b7 th• hicber AOD value• - at 
each temperature a11Cl for each de1ree of activation. 

Altb.o~b ~he present invention ha• been de1cribed with 
reference to the specific details of paztic~lar e11tbodiment1 thereof, 

15 it is not intended that auch detail• be recarded as llmitatioti1 upon 
the 1cope of the invention except ia1ofar aa to and to tbe extent 

tbat they are included in the accompanJinc cla1ma. 



.. . :.., tj 
ll ,, ,. 1111 . r.a. lJ'j ~c P. 34 

Fe b. 15. 19 9 6 L.A i'A.S. PAi: QV \7 'J uli • l\.\, •<. 1, 

I 1111111111111 11111 11111111111 
* C l M S * - 31 .. 

1. A polymeri1able oraanic c1X1po1ition compri1irig a 

copol111erizab1• b1eud of: 
5 (a) polyol(a11Jl c~bonate), and 

(b) frail about 10 to about 70 vei1ht percent of a 

mixtu~• af allphatia urethaoe1. the terminal portions of which 

contain a. f unctiona.1 11:0~ 1electe4 from tu group ccmabti11g of 
a111l aa.4 ac:r:yl7l 1roupa, said mix~ure of aliphatic urethane• being 

10 representable bJ at loa•t two of the expres1iana, 

15 

(1) I>-B-A-B-D, 
( 2) D-B-A-1-D' ·and 

(3) D'-1-A•B-D' 

where:l.u D repreaants the termiA•l portion containi111 tbe ally1 croup,. 
D' repre1ents the terminal portion containin1 the acrylyl aroup, I 
regre1en.ts an aliphatic bit carbamic moiety rep~aentab1t by the 
formula, -OC(O)-N!(!)NK-C(0)-0-. wherein E is the al~phatic re1ldue 

ZO of an aliphatic diboc7anate, ud A in.•ach aliphatic uretbae 
pre1eut iu the mixture of aliphatic urethamea i-epra1eni1 the re1idue 
of a 1aturated aliphatic d!ol 1eleciea from the 1roup can.11ati111 of 
c2-c:6 alkene diol1.·dletbylene glycol, polyeater diol. pol7etber d!ol 
i>r po1rcarbonate diol, the mole ratio of sa:lcl al11l croup• to acrylyl 

25 s~up• :I.I\ the aliphatic urethaftel preaea.t :ln the mixtuee bein1 from 
•bout L5s1 ta about lit. 

2. 'lb• pol,ymeri&able compodtlon of claim 1 wherein tbe 

pol7ol(allyl carbonate) 11 diathylena alycol bi1(all7l carbonate) and 
tbe migture of aliphatic urethane• ia preeen.t :ln mnounta of from 

30 about 10 to about 30 weight percent. 
3. '!he po1ym1ri1able compos!tioa of claim 1 wberein A ia 

the residue of a ••turated polye1ter diol 1. havi118 a molecular weight 
of from about 400 to about 1000, or Cz-06 allcaae diol. 

·4. The polymedzab le compo1i t:ion of claim 3 wherein the 

35 polyeate~ diol ia poly(caprolactone) diol. 
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5. the po1)'111erisable eo~po•1t1on of claim 3 wherein the 

alk.ane diol is 1.4-butane dial. 

&. the pol)'IDadzable composition of c:1aim 1 wherein the 

aliphatic d111oc7anate ia iaophorone dii1ocyanate. 
5 7. the pal,meri•ablt campo1ition of claim 2 wherein A i• 

the raeidue of a saturated polye1ter dial having a molecular wei1ht 

of from about 400 to about 1000, or a c2-c6 alkane d1ol. 
8. the polymerlmable COlllpOliti01l Of claim 7 Wherein the 

po17eate~ diol 11 poly(capro1actone) diol, the alkane d!ol is 

10 1,4-butane diol, 1111.d the aliphatic d111ocyanate is taophorone 
di!aocyanate. 

9. The pol711erl1able compoaition of claim B wherein D i1 

the allyl group and D• is the acrylyl croup, 
Clz-C(L)-C(O)·O-CH2-0H2-, wherein L ia hydror~ or methyl. 

15 lO. The pol111eria.bl• compa1itiois of claim 1 wherein D i• 

tbe a117l 1roup and D' ia the acrylyl a~oup. 

CB1-0(L)-O(O)-o-oK2-c12-, wherein L i1 hydroaen .or metbyl. 

1i, 'l'he palJ111eri1able compoaition of claim l wherein D is 

tbe allyl 1ro~p, D' 11 th• acrylyl group, Clz-C(L)-C(0)-0-Clz-clz-, 
20 wbe~ein L i• hyd:rogvn or methyl, the po1ye1ter dlo1 11 

poly(capro1actone) diol and the alkane dlol i• 1.4-butane diol. 

25 

30 

12. The po17111erisable compotltion of claim Z wherein the 

mixt~re .of a11pbatie u~ethaae1 compri1e1 a mlxtu~• of urethane• 

repre1entable b7 the expr•••lon1, 

(1) D-B-A'-B-D, 
(2) D-l-.\11-l-Dt 
(3) tJ'-B-A I .. J-,D, 811d 

(4) D'-B-A"-B•I> 

wherein A' is a polyester dial an.d Au :h a c2-c6 allcane dlol. 

13. 'l'he polynierieable compo1ition of claim 11 wherein the 

polyeater diol ia poly(caprolactoua) diol havins a moleaulat wel1ht 

of from abou.t 400 to about 1000, and tha allcane diol le 1.4 .. butue 

35 dial. 
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... 

14. The polymeriaable compodtion of claim 13 whel"9in J> ia 

the allyl 1roup and D' i• the acrylyl group. 
Clz.O(L)-C(O)-o ... cK2-ca2-, wherein L b bfc!:ro1en or metbJl. 

15. the pol,Jlll8d1abh oanapo1it:l.on. of claim 14 wh8nin the 
5 aliphatic diisocyanate l• iaophorone 4ilaocJ8118.te. 

10 

16. '?be pal1111erbab1e compodtion. of claim 2 wherein the 

mixture of aU.phaU.c urethanes comp:d.••• a m:l.atar-e of urethane• 

repreaen.table by the expreaa!cm.1. 

(1) D-1-A'-B-D, 
(2) D-1-A'-B-l>'• and 
(3) D'-1-A'-B•D' 

whereiu A' 1• a pol7e1ter diol. 
15 17. The polyraerizable compoa:J.t!cm. of c:la!m 16 wherd.n the 

polye1ter diol 11 poly(capra1actoae) diol having a molecular weicht 
of fram about 400 to about 1000, 

18. 'l'he pol,1111eriaable compoaitlon of cla:lm 17 wberdn D !a 
th• allyl 1ro~p and D' i1 the acr71Jrl sroup. 

20 CH2-C(L)-C(O)-O-CB2-CB2-, Wherein L ii 1'Jdl'o1en 01' metllyl. 
19. the pol)'Dleriu'ble compoa!Uon or claim 18 wherein the 

aliphatic di!•ocyanate i1·i•ophorcme dii1oc1anate. 
20. ft• pol)'meiois•ble comgo•lt::f.oa of claim 2 wbere!n the 

composition contain• from about 0.1 ta about 0.5 wei1ht percent, · 
25 ba1•d on the we!1ht of the copol,.erisable blencl, of d!alkyl 

pyrocarbonate repreaentable br the fon"a14, B"-O-C(O)-o ... c(0)-0-R."• 

wherein I" i• 1elected from the croup conai1t1n1 of C1-c12 alkyl and 
c6..C10 c7cloalkyl. 

21. The pol711arimable compoaiticm of cla:lm 20 wherein the 
30 4ialky1 py~ocarbonate is diethyl py~ocarbonate. 

22. the pol~riaable compo11tion of claim 12 wherein the 
aompo1ition contain• from about 0.1 to about 0.5 weiaht percent. 

baaed on the vei1ht of the copol111erisable blend, of dlalkyl 
. pyrocarbonate repr11ent:able by the formula, l"-O-C(0)-0-C(0)-0-R", 

35 wherein R." ii selected from the group conabting of c1-c12 al'kyl and 

C6-Cto c7claalk11. 
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23. The polymeri•able compoeit:f.on of cla:lm %2 wheHin the_ 

dialk7l pyrocarbonat• !1 dieth71 PJZ'OC&rbanate. 
2•. "the po1Jm•d.1able compositiou of claim 16 wllei-•in the 

cmpoaitlon containa f=om abo\lt 0.1 to about 0.5 wei1ht percent, 
S baaed on the weight of tbe eopolymeriaable b1111d, of dialkyl 

pyrocarbooate repreaentable by the fonsula.. l"-O•C(O)-O-C(0)-0-1.'', 

wbe:z:ela I" :I.a ae1ected fl'Olll tb.e group condat:inc of C1-c12 alkyl and 

c,-010 01cloalkJl. 
25. n. pol111erhable compoa:!tion of claim 24 whe"eS.n the 

10 dia1ky1 pyrccarbcmate i• di1thyl py:r:ocarbonate. 
26. A 1olid orfSAic re•ln. p~•par•d by pol71Deriz1n1 the 

composition of claim 2. 

27. The aolid or1aiic reain of c1aim 26 which contaiaa • 

photochromic amount of au or1auic pbotochromi; aubatance •elected 
15 tram the group coa.•t1tin1 of •plro(i~dolino)aaghthoxa1ine1, 

epiro(in4o1i~a)p7ridobenaoxa1inea, ap!ro(in4ol:lno)b11S•axa•lne1. 
•piro(indoliDo)beaeop7ran•, 1piro(la.dol!no)naphthopyran.s, chromeftea 9 

aplro(benalndolino)pyridobensoxa•ines, 1piro(b~1i~dolino)• 
napbtbouam11, •p:lro(ben1indoliao)111P11tbopyran•, metal dith!•onate1, 

20 fu11!de1, ful1imide1, 1piro(dl)hydrotndoli1ine1. and m1xture1 of •uch 
photocbromi c 1ub1 tance•. 

28. '?he 1olld organic re,J.n of claim 27 • wherein the 

photocbromic aubatance is aelec·ted fron the sroup conliatina of 

•piro(indoliuo)naphthoxasine1, apiro(iudollno)pyridobcisoxas!n••• 
25 spiro(1ndol!no)bencosa1!ne1, chrC111•ae• &i1d mixt~re1 of auch 

pbotochrom.ic 1ubataiicea. 
29. A acrlid organic realn prepared by pol:ymad.sins the 

compoaitioQ of claim 11. 
30, A 1olid organic r••in prepared by pol711eriain1 the 

30 i:ompoaitton of cla!m.U. 


