ORGANI C ELECTROLUM NESCENT ELEMENT HAVI NG MO STURE- REACTI VE COVPCSI TI ON AND
MO STURE- REACTI VE COMPCSI TIONS Field of the Invention The present invention
relates to a transparent, flexible noisture-reactive conposition and an
organi c el ectrolum nescent (EL) elenent in which the conposition is arranged
as a noisture-trappi ng agent. Background An organic EL elenment utilizes

el ectrol um nescence of an organic material and is fornmed by |am nating an
organi ¢ charge transport |ayer and an organic |um nescent |ayer between an

anode and a cathode. Mich attention has been paid to organic EL el enents as
hi gh-i nt ensi tQRGANIGERLELRIRQLUMINERCENTE ELEMENT HAME%? STURETRy be

btai ned th ' ' f
ol L5 maki REAGEIVE COMPRSTIOR A0 MOBTERETREAT 19T, CONIPOSPAGNS 7.

such as | um nescence brightness, |um nescence efficiency, and |um nescence

uniformty of an organic EL el engn ften deteriorated after being
driven for long periods of ti m%@é&egﬂw?&% deterioration include:

oxi dation of tfi nrleRfinG QR rélis iPa RERFAER! 16610 mdhdGBackiPt SohptfitRngani ¢
EL el ement; oxidation deconposition of the organic material caused by heat
gener at edandiani angani ¢ledtrodurpinesdent (E&) elemwnt in avhichahke dermpasitionfis amanged eca r odes
and m)dificah{rog_ of. the grgani c material caused by noisture in the air

whi ch penBPPPIETRRPSH2EME el enent. Lumi nescent properties may al so be
deteriorated by peeling at an interface of the organic EL el enent. Peeling
may be caused by oxygen and noi sture, or by heat which generates stress due
to differences in thermal expansi oBackgreapdi ents of the conponents of the

el enent. In order_to. rad L0 ' . ' . | £5, many
t echnol ogi es f'o Oreg] g‘é’lﬁﬁ‘nég%ﬁﬂgl&%g%ﬁ %&Eﬁ&&g%gﬁ%@ﬁgﬁg%géﬁ%gﬁg |‘€1§1t ed in
order to fomedhy lantiratipei®iganis diatgehinf®rdaydr asd etlonyaiid haxingeentdayer moi st ur e.
For exanpl e, Japanese Unexam ned Patent  Pub]icatjon (Kokai) No. 9-148066
di scl osesbawaE HFmode apt 2 cathndec Muchjatigntiondas been paglto of BIFMSRE ahgi ng an

organi ¢ By pli GoR {i’:ﬁ{'_n QREE By 106 Bitade diredorfrleflBRiVi b 86in Eh%ge%ﬁfﬁf ent
el ectrode §$u§rga ilc Eérzl:ctlor‘?glo Iayeée , rr%taeﬁ catﬁ%%g?elaectrgge on
subst r at eMoreover, organic EL elements can be formed out of solids making them useful in flexible

displays.

Luminescence properties such as luminescence brightness, luminescence efficiency,
and luminescence uniformity of an organic EL element are often deteriorated after being
driven for long periods of time. Causes of such deterioration include: oxidation of the
electrodes due to penetration of oxygen into the organic EL element; oxidation
decomposition of the organic material caused by heat generated during driving of the
element; and oxidation of the electrodes and modification of the organic material caused by
moisture in the air which penetrates into the element. Luminescent properties may also be
deteriorated by peeling at an interface of the organic EL element. Peeling may be caused by
oxygen and moisture, or by heat which generates stress due to differences in thermal
expansion coefficients of the components of the element.

In order to reduce deterioration of luminescent properties, many technologies for
sealing an organic EL element have been investigated in order to prevent the element from
being contacted with oxygen and moisture. For example, Japanese Unexamined Patent
Publication (Kokai) No. 9-148066 discloses a method comprising covering a pixel area
formed by arranging an organic EL element as shown in Fig. 1. The element comprises

transparent electrode 3, organic functional layer 4, metal cathode electrode 5 on substrate
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-1 WD 2006/ 093702 PCT/ U82006/ 005860 1, with sealing cap 2 having a

wat er - absorbi ng agent 6 affixed to the inner wall thereof. The interior of
t he el eman{foiz% ‘{{695155(1 wi th nitrogen gas, and seal i ng capp@ris2006/Med6k o
substrate WI? adhesive 7. For another exanple, Japanese Unexan ned Patent
Publ i cati on (Kokai) No. 7-169567 discloses a nmethod conprising using an

5 ab bi 1 L I f .th =ab i Var i
oubet ancel TAVE Bl AN TR RS AEPEI DS B Ao S e dhe? SN PertRl ar
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(CaO) have been wdely investigated because the oxides differ from such
wat er - abswmibltiatg 1 agtradbetivm?. Farapsthenttampie Jopdnewal myxaasnegii Ratad gel and

zeolite i hat t oxlLdes ¢ rely catch ter, 10 npl ecul es by chem cal
reaction ,ubilﬁa%@ﬁ@'T‘f%ilég?@i@“ﬁ%%ﬁatm%q CRIMPTISHIS WRREA! O%¥8FRcul es at

hi ghste I [ C in the formof particles which
rrust5 be%ﬁ%éﬁcﬁeﬁgﬁggﬁ}%gégﬂl?ﬁ’gﬁt%g‘\ﬂg%%{%ea%%@gani c EL el enent which

undesi rably addsidus sibanckdhsk beasexamihdteasolfereitisorbighlehtiie e partibulart al
oxi des can be applied to a so-called bottom em ssion type di sgl ay appar at us
f r om whi ckadingspely metad exides such pe hardim oside(RaOkenskeatcagra oxidedCaybaverHonever

| kal i th,metal oxi .suitable f i -cal |
o osi on (B AT e TRaiReBlse AR R ot Sfon P e B iaell Y of ¢ e
seal i ng Cﬁﬁrsﬁ:allﬁh&i@r@ﬂ@@ﬁésts@li&acgelﬁkﬁiz%blbﬁtiﬁﬁ{a@ﬂk-ox]'d@s%aﬂh t&sr@l?’%ﬁtéﬁﬂwattéley are

opaque and thereby hinder emission of the display light. [f oxides are to
be lU8ed, mhleyulasiby chemicalreastjens, sl besanssithe oxidesodeenot réleaspitheetwatar ea, and a new

or ot ¢ RSP YISV T RE Y Y Aok gERes s vaoer B RO Al FghRear ey |
appar at Uspy, a%%&ﬁh 8 geéeﬁsfiﬂﬁﬁé%?ﬂﬂ% or%@gdé’EL BRERLDW LK RANIITEDIS addY ) th@s

pol y(vi nyl al cohol) and nylon may be , al though these polyners
physi cal | thickaeks @f thevea¢raent. Whiiatihe athnnttab atidef aotbenpplisl texpbaialiedibatbow e.

e e e eSS ) o M R i e o
Bt soian HORLE AL PGP NS R ETHRE H PR, o1
(Kokai) Nemiss10f Brpeifspliydppative éomiwhichidiplayl 1agt [saalcmnt obhe sedlingtvagh a
vater- abssci)criebtl)gpgosite to the substrate 1. This is because they are opaque and thereby hinder
emission of the display light, If oxides are to be used, they must be arranged so as not to
cover the pixel area, and a new arrangement site must be provided.
20 Several proposals hav‘e been made in order to apply a water-absorbing agent to a
top emission type display apparatus, For example, transparent, water absorbing polymers
such as poly(vinyl alcohol) and nylon may be used, although these polymers physically
adsorb water, which is not satisfactory as explained above. Japanese Unexamined Patent
Publication (Kokai) No. 2001-357973describes an organic EL element having a top
25 emission structure and an arrangement of a particulate water-absorbing agent to such a
degree that light transmission is not hindered. Japanese Unexamined Patent Publication
(Kokai) No. 2002-56970 describes use of a plastic substrate in which a water-absorbing
agent having a particle size smaller than the luminescence wavelength of the organic EL

element. However, because inorganic particles are utilized as water-absorbing agents in

30 both references, the water-absorbing agents arehardly arranged, and the primary particles



agent having a particle size smaller than the | um nescence wavel ength of the
organic EL elenent. However, because inorganic particles are utilized as
vvater-absowgﬂﬁ@@%e@ts in 30 both references, the water- 2630iB90§IFgent s
arehardly arranged, and the primary particles -2 WO 2006/ 093702

PCT/ US2006/ 005560 thereof are hardly dispersed. As a result, light is

scattered_whi ndesi ably.lquwers Light . transmi ssi;on. . J. ngxam ned
Paent PRI RS o Sonuit A ins aRER s U et R ers i

wat er - t r apRh&disiibhm t hat absorbs little visible |ight and can be fornmed by
coating a 5 specific nmetal conpound with a solvent. However, when this

wat er - t r appi ng Jépaness [Snexamphaddtitend Pablidaticn ({ekag)iNe 12088 ¢ 42 odisensss asé se
because the filmis formed, out o | ow. | ecul ar ight conpound, and thus
ot 11 GRS PR fopetbg e e e el Vene (Odhed iR bor b
moi stqir e apghiOx ﬁ@,gl i P eRhen MESl/ale i@ result,
t he psrjobl e tlha%ﬁgtﬁﬂgorg raﬁé@%ﬁéﬁ&lgﬂ?eg g?@h@se agen?s g?'@ﬁ‘g% iﬁﬁlm)re
restri ct edpplidgdstesa.flexiile Suntrateyprobless ladseltbchesechafila isfonmed butrod arleact i ve
conposition conprising a noisture-reactive_ paqlysil oxane c&)rrpri sing .a main

chai n and flecudar wesglt Compaund, andhthus yiwt Spxibla ' uiiiernoshin sdes e pitect e one or

nore side i I e f il 5y o MXmiYn
and V\hereiene%%l'n?issmgle ecb@g&'frr%g%ﬁ ? %&eé,g%ﬁaﬁe%ﬁ@%ﬁ?psp?g%ﬁg&gqs §E%F? F?/dglpésn nmet al
atom B, agdllt, e Groblerh $haA thyBa@geRerd bREB ofahdsd RNt ble@l1iafiord aeidasd drisdé.ed
al kyl, al kenyl or alkoxy group; Y is a substituted or nonsubstituted

al ko, siloxy, carboxyl, or diketolate group; inis from1lto 3; and nis
fromO to 2. 20 Brief Description ofSthe Drawings Fig. 1 is a schematic
cross-sectional view of an exenpl ary”8MJ¥H¥c EL elenent. Fig. 2 is a

schemati C Cr oS $y;§@6del WAk 4i0N619furdfa@KRBBLFOYitISh 88MbAsiEL a M G8BRreactited. 3
is a schematic cross-sectional view of an exenplary organic EL el enent.
polysiloxane comprising a main chain and one or more side chains, wherein the main
chain and/or the one or more side chains comprises a group represented by the formula:
15 -MXmYn ;
and wherein M is selected from the group consisting of a multivalent metal atom, B, and
P=0; X is a hydrogen atom, a substituted or nonsubstituted alkyl, alkenyl or alkoxy group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group; m is

from 1 to 3; and n is from 0 to 2.

20
Brief Description of the Drawings
Fig. 1 is a schematic cross-sectional view of an exemplary organic EL element.
Fig. 2 is a schematic cross-sectional view of an exemplary organic EL element.
Fig. 3 1s a schematic cross-sectional view of an exemplary organic EL element.
25

Detailed Description
As described above, the moisture-reactive polysiloxane comprising a main chain
and one or more side chains may be represented by the formula:
-MXnYy .



25 Detail ed Description As descri bed above, the noisture-reactive

pol ysi | oxane conprising a main chain and one or nore side chains may be
repr esent edoPyodddgrohor mul a: - MXmyn -3 WO 2006/ 093702 PCTPUSESBEH/BOHBG0 M i s
selected fromthe group consisting of a multivalent netal atom B, and P=0
Preferably, Mis independently selected fromthe group consisting of A, B,

Ti, d Zr, ) f bly Al LT X hyd 8 :
Substtuted or Vhisneened iR st serSimastarmi v Rb A o B
al kyl  gr oBRSeROYPNA 1§ Sadkp@iechtly Go12RLRERAL BbATBonsBHAFBE &S B,MS! 4l dandret hy!

group, an ethyl group, a propyl group, a butyl group, a hexyl group, and an
octyl gr owpe prefeefhly Ahbkdxy groups conprise from8 to 1,000 carbon atons;

| i ncl th - th , t :
exyl oxy grouptt e LyEPERAY T R b BT namstreiarcd ki b BKEBR)1 hexyl oxy
grous, 3 el BRIERYRond HORDT LD bk i SLEbRO AR 2

cetyloxy grolip, an 1sostearyl oXy group, an i|sobomyloxy gfoup, a

chol est er exyhyy proup, ancetipd| gyongy alpkydye peuppnbietl karbug stlexylogrown ,and en actyl
pol yoxyal kyl ene. npnoal kyl et heroxy grou al so be a pol yoxyet hyl ene

. X
monol aur yBfass el alipsigroupseqsenTiss Spat &Eq bﬂ%ong%h@h@pwa exapigsanslidirpup, a

ononet hyf Rl TR ar iy ol otonauE » inBd Batbh CRMERIH 2 g
pol ydi met Bytupi drooceylexy exapid Bethyihekyeey begZldeck MRy ioud) e laubNB2AEoup, a

manuf actured by Chisso Corporation. Y is a substituted or nonsubstituted
al kobdy, simyawsiiloxy grawpxatetyloxy didupt ol isesteagyloxipgroup.ra ipehetesrle groum a

oDl R B & BB EL ARSI FOLRBE G « o
napht t eny kno@alk AR AL %ou;y KSn#sAsh 6e0x fsl) kit tBie G HoNBrf I RrAD Grd e
conpatibility between'the " conposition prior to curing and the Ctonposition
af t er cur apglyoXyrthylteneshomerated cthevaxymbys ialpokargpropylend siongbudy lretlienoxghai n and
one or m)rgreou%i c()jrea polytetrahydrofuran monomethyl etheroxy group. X may also be an alkoxy
15 group comprising polydimethylsiloxane; examples include FM2221, FM2241 and
FM2245, manufactured by Chisso Corporation,
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group,
and preferably an alkylcarboxy! group, and more preferably 2-ethylhexyl carboxylate,
isostearyl carboxylate, stearyl carboxylate, cyclohexy! carboxylate or a naphttenyl
20 caboxylate. Y is used to adjust the curing rate and the compatibility between the
composition prior to curing and the composition after curing.
The moisture-reactive polysiloxane comprising a main chain and one or more side

chains may be represented by the formula:

Y, R R Y,
25 | | l I
X,~M—0—8i—Z—Si—0—M—X,
| l
R R
M, X, Y, m, and n are described above.
30 R is independently a hydrogen atom, a substituted or nonsubstituted linear or

alicyclic atkyl or alkenyl group having from 1 to 20 carbon atoms, or a substituted or
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chains may be represented by the formula: YRRY 251111 XmMO0O-Si - Z
- Si -0-MX" RRM X, Y, m and n are described above. 30 Ris

i ndependeniyd/20as/s86200en atom a substituted or nonsubst PCITEANN610AEE or
alicyclic alkyl or alkenyl group having froml to 20 carbon atonms, or a
.substituted or -4 WO 2006/093702 PCT/ US2006/ 005860 nonsubstituted aryl

B L T e

an octyl H{% en Btopt) @MYdth§l P, aRbthl Fﬁoﬂiﬁ tﬂl@ou@@%ekﬁl 1N affefygrably a

met hyl or pheny group. Z1s a di val en oxane I ng group
pr ef er abl yereu, g ghenyl Byoup; droxengl, eréup ehe il Iphl@rm:fcxabb')@methyl or phenyl group

B?L?E?SBYL”SE%Shﬁx@qﬁfpﬁﬁgﬁ@% e FEER gy POV R Bteae T cal 1y 2
Im)l ecul ar p?ﬁné \é@d)%‘ag? ;Pol)gvﬁ %lﬁﬁ{rpﬁéﬂogﬁg#@ @gg or@gﬂpci gﬂly av%ai | abl e

from CE Teslinbae ﬁrelferaiﬂj?l@slyﬁimethjdsxlbxanasr YR HRAY InEE30&a Kxad3B@cticaVlly 380 .

Al t hough the nol ecul ar. wei ght of the 10 pol ysil oxane can be suitably

sel ect ed &ewedwﬂgy P3ilee aﬁ)ﬁ?@ﬁYéléqmﬁP éﬁ\éﬂg sieanobgroupeat 1p@leeyay t@ir@ﬁalsq foris
eneral | 2 has a

?Te tal po¥ { I&%rglm(: %&p&)ﬁrsﬁ(ggggs ?aneli-gmflpfgg%lﬂbg%ﬁ?ﬁw?b%\%%@%l%g% nl?td

portion quisK3R00,EXEINS 7\ FHR WA tyds s dA DNy @dnhe AbtbctiBewsighabPihe group portion
adjusts the reactivit fluidity, flexibility and conpatibility of the

corrrﬂéhnd Py sitpeangwp @$1étabb’zﬁ@iﬂctﬁé apmrgimgn@ﬁm@ymalfmmtnesmf thhe reaction of
a netal n&oun or., 4 Le fr q g@ product of the metal conpound
with a polc39 PRFR AN R &AL 0&0 8 The reaction is achieved by

m xj ng both 5U%Qﬂ&ﬁﬁre—l@%tﬁe%%ﬂ@%ﬁ%&@éﬁne’ﬁﬂl)ﬁgﬂlohrﬁ MXULdhde Q{aﬁﬂogrbh;?“ that
entire consunption of the portion of the netal "conpound that reacts

moi st ur e, poame Si-Cwiyihe yetd] ipertiinl quiekly raots pvithswaieraindexty gen, and the s1lanol
group portion adjusts the reactivity, fluidity, flexibility and compatibility of the compound.

15 The moisture-reactive polysiloxane is formed by the reaction of a metal compound or a
Lewis base addition product of the metal compound with a polysiloxane having a silanol
group. The reaction is achieved by mixing both substances. Both substances are mixed in
such a proportion that entire consumption of the portion of the metal compound that reacts
with moisture, namely, X, Y, by the silanol group is avoided.

20 For example, the case wherein M is Al, X is an octyl group, and Y is not present,
that is, n is 0, is explained below. The moisture-reactive polysiloxane is prepared by
reacting a polysiloxane having a silanol group with trioctylaluminum, as shown by the

following formula:

Me Ve
25 |
—8i0H + Al (GBH1?)3 R—— _S|0A|(85H11)2 + 03H13
l l
Me Me
An alkylmetal compound MX, such as trioctylaluminum, can be synthesized by
30 reacting a metal halide with a Grignard reagent, or the like procedure. Moreover, for

example, when an alkylaluminum compound is to be synthesized, it can be synthesized by
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20 For exanple, the case wherein Mis Al, X is an octyl group, and Y is not
present, that is, nis 0, is explained below. The noisture-reactive

pol ysi | oxa@g d08¢/@3@Rar ed by reacting a pol ysil oxane havPAEUS286PEEE gr oup
with trioctylalum num as shown by the followng fornmula: Me Me 25 1 1
-SiOH -F Al (CBH17)3 -> -Si QAl (CBH17)2 + C8H1B Me Me An al kyl net al

d MX _.such i octyl al umi b t hesi by.1.:30 ti
ot bl nal pepstng EsSu R Pl Bt en, i5emas Y BomeRtd il S cover . for
exanpl e, %@Mﬁﬂirﬁ%&dm@%&&ﬁaﬁg{@ﬂ?M%Hedh@mkﬁbr@@raﬁ&%ﬂ@ﬁipéﬁ%uﬁnuﬁ@” be

-5 WD 2006/ 093702 PCT/ US2006

synt hesi zed "by /005860 reacting
trii sobut Vlkylsnfitd)nmokidehtramethylelfiimmuntxaathy ebimiiumomperpylathinuayvai | abl e

A Il o, LEaY RRERES: T PEASPRYINE GHP U GnE g HiFD B A hARas and U1 M
tripropyl ak iy : iyl al um num  tri hexyl al umi num trioctylal um num
di i sobut y?lg#l?r%‘lm%%’rll y(%lirhlgglg&and 5 di et hyl al um num et hoxi de. An al koxynet al

conpound can be\msyikéyesitd edmpyurmi andeaguthesied byeambtaigrabinenating himetatle wi t h
a netal al koxide, or a procedure by reacting,an alkyl metal conpound as
ment i oned hab‘éfi/‘é’lthﬁtmpt@@@éfﬁ%?r aprogedush By reagtingeanglk Hmsisd corapoidiasg v can be

synt hesi Z%?entﬁ%ﬂéudﬁ{o%vﬁfﬂo &E&h&lana é)%io{ anol and 10 a carboxylic acid, and
o the a '

the like, Kyl'metat “conpound or al koxynetal conpound obtained by

the above procediesl cdhpoimilatinger spasd yutesiodd/si dddkane dbuml, o Dduelesdby t he
above procedure traps a_ water nol ecule by chem cal lK reacting with
O

noi stQr e, apsrborplimady, angéherldiel tvihe gllkybretall cemporsd pr alkoxyimatal compound
obtained by the above procedure.
The moisture-reactive polysiloxane thus produced by the above procedure traps a

water molecule by chemically reacting with moisture, as shown by the following formula:

15

L
Me Me CyH,, Me 5 55 Me

| H, 0 | crosslinking bt

I i l I

20 Me Me Me Me

Group X bonded to metal is then released. Because group X (X is an octyl group in the

formula) is inactive, it does not corrode electrodes, etc., within the EL element. Moreover,

when the moisture-reactive polysiloxane is used in an organic EL element, group X having
25 a large number of carbon atoms is preferably used because a volatile component formed by

the reaction with moisture would otherwise influence the element,

Furthermore, when X is an alkyl group, the compound reacts with not only
moisture but also oxygen. As a result, the compound can also be used as an oxygen-
trapping agent. The reaction proceeds as shown by the following formula:

30 Me He CB H1 7 e OGB H‘ 7

| 0. | | |

—Si0AI(C,H,,), —> —Si0AI00GH , +  —> —SiOAIOC,H,,

| l |

Me Me Me



Me Me C8H, i Me Me H20 crosslinking -Si0A1(CBH17)2 -Si 0A10H + CaH18 -~
-SiQAIQAICSi - + CgH18 20 M Me Me M2 Goup X bonded to netal is then

rel eased. Recave®sgnroup X (X is an octyl group in the f8ECHUMSA06/0658pthacti ve,
it does not corrode electrodes, etc., within the EL el enment. Mreover, when
t he noi sture-reactive polysiloxane is used in an organic EL el enent, group X
havi ng 25 a | arge nunber of carbon atons is preferably used because a

vol atil e conponent formed by the reaction with noisture would otherw se

i nfluence the elenment, Furthernore, when X is an al kyl group, the conpound
reacts with not only noisture but also oxygen. As a result, the conpound
can al so be usé&te awisture ssagtenconmpapipntisciesen bereiffhmay eerdaina@n vpraseigdds as
shown by the followng fornmula. 30 Me . Me H_ H .7 1 02| .
_SiOAl ( cﬁlﬁfa}f%‘npg‘l@dﬁﬂ addien s AoV Sﬂ-*‘@r“%%?’@@%ﬁ‘ger }%R}éd‘%n WS‘%?J%‘} 093702
PCTI @SZOOQ{aQQéﬁﬁ.@meH?eoﬁgbﬁme% SRl (B pBIRPR 'dEéiPdB#dfr@l%' 106®FT BeRSd.n Mmay
contain an unreacted netal conpound in addition to tHe above silicone
conpound. Wihee the pppottionns jarger érand ,000: 1, henmsistuné reabievenminglostionpomatmed t he

silicone conmpound .is desirably from1,000:1 or |ess.  \Wen the proportion is
| arger thAfs ™0 Wg@l&r}t strRREthet 3iilneorRbiass separation By e ailrcs GHat 40eLoR RS no

suffici en}m?#t&rghr\ggﬁlsa?%?agqe%:%@]m%%&pggﬁh%qﬁﬁr_ ation may take place after:

absorption o uce transparency of the film

Moreover, the WMurédwetahé pdhiry ecacavadQsipostion iy Abseontan hablysdopakysi | oxane
10 containing no silanol group and a filler in addition to the above

si | ilfone eontpBingdo stianolgren ands Bidyr i edditien jshHjie peie spicope cempeursk in he cur ed

N N T L
subst i t ut genctedYARSHAS MTHe HoBdilatan¥ lcontBining ndP$iladbYdro8h fidP be @podysiloxane
having a hydrogen atom; a substituted or nonsubstituted alkyl, allyl or aryl group; or a
copolymer of the polysiloxane. Specifically, polydimethylsiloxane, polydiphenylsiloxane,
15 polymethylphenylsiloxane, and the like, can be employed. The filler is preferably
inorganic and has a hydroxyl group capable of reacting with the above metal compound.
Examples of the filler include metal oxides such as silica, titanium oxide, zinc oxide,
aluminum oxide and zirconium oxide; nitrides such as boron nitride and aluminum nitride;
clays such as montmorillonite; and carbon black.
20 The moisture reactive composition may comprise particles having any particle size
as long as transparency is not impaired, and is generally from ! to 1,000 nm.
As described above, the moisture reactive composition can be used as a moisture-
trapping agent for an organic EL element. In particular, the organic EL element may
comprise a laminate comprising: a pair of mutually opposing electrodes, and an organic
25 luminescent material layer comprising an organic material, the organic luminescent
material layer disposed between the pair of mutually opposing electrodes; a sealing
structure that shields the laminate from the outside air; and a moisture reactive
composition comprising a transparent moisture reactive material, the moisture reactive
composition disposed within the sealing structure,

30 The moisture reactive composition may be positioned anywhere within the element

because it is fransparent and thus does not shield light. FIG. 1 shows an exemplary
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copol ynmer of the polysiloxane. Specifically, polydi nethylsiloxane,

pol ydi phenyl si | oxane, 15 pol ynet hyl phenyl si | oxane, and the |ike, can be
enpl oyed. videndkiobd?er is preferably inorganic and has a REIAHBFOHBLp
capable of reacting with the above netal conpound. Exanples of the filler
i nclude netal oxides such as silica, titaniumoxide, zinc oxide, alumnum

oxi de and, 51{18%51' Qxﬁgnghn% %‘?ﬁat%%fﬁpﬁ?ﬁ Hafitbald anfthEocf%?g A num

nitride; ays su onite, e noi sture
reactive finogpmal hyvea, raia&nmmmms@e ¢legtiode Beihhaauumgteammspcmeﬂ ndthin §i ze as
long as transparency is not inpaired, and is generally from1l to 1,000 mu.

As descri BetnggpipRIe méteﬁr&iwbﬁt@w lea@athnaéaz 8@6@(1!%% tahhpealiagd as a
Moi St ur e- &Jcﬁﬂé’hééga 1?%%?%% Wih ﬁa'ae 8&9 fﬁ{e %{e%% e, ugoﬁ’%}dh%& the
B np% I amnate

organic conp i'ng: a pair o rrutually
opposi ng ﬁh@%rc@d@mmaxmdn@ayw(nmsﬁ %ltdmuﬂv@g@ﬁMmﬂé&&@mabod:pmom@nprl sing
an organic material, the organic |um nescent material |ayer disposed

bet ween tma! b%lﬂllspwd @mﬂamqmt?r foppotsmetel cathode elsateade hwhishicongitutst # uct ure t hat
shields t I am nat e omthe outside air; and a noisture reactive

conposi ti rﬂ'ﬁ{a transparent noi st ure reactive material, the

noi sture reaCtFI‘GEZsﬁ@ﬂﬁ’%bﬁélﬂﬂa@'cﬁ%@EL\MeH&hf‘whE&%nsxﬁ&ktuﬂgreﬁéﬂdéCtUre 30 The
noi sture reactive conposition may be positioned anywhere within the el enent
because i tompsiticarfspay bnsimeridngcusly affired totite lsiminsscent pgrthlight FeGividg laows an

exe lary 0] 93702 PCT/ U 2006/ 005860 ic, EL el enent . conprising
e 8401 <P e SKEPRISS| B Cgmaeg) GUFHEE TP RBHAYE | Byor 4
and met al ;GaldIREE 6&lo 1 108 0vers [Elamdtd1at e i s disposed within a sealing

structure created by strate 1, sealing cap 2, and adhesive 7. The sealing
structure has Ehd drglutic Eéaéemem@ejcmbed shode nvdylo@hlpime&&: ttdnepdrentingastere upon

whi ch noisture 5 reactive conposition 6 may be di sposed.. Alternati vely,

moi st ur e TCBHBEINACTER SRBHETIFNG @lsmwewvamgbé%@@neﬁomﬁ@%&mm%ﬂénof met al

cathode el oChQ06 5 %EE%&?%&%%%& ch énct%%n% Bf o & chFlrg 2 shows
an exenpl ary organi c el'erfen erern nolsture reactrvée conposition 6 nmay
be gimul t eomgaiss laeradld lepedeiied bhthelfomukescent and |ight receiving face

-MXnYn 3

and wherein: M is selected from the group consisting of a multivalent metal atom, B, and

P=0; X is a hydrogen atom, a substituted or nonsubstituted alkyl, alkenyl or alkoxy group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group; m is
20 from 1 to 3; and n is from 0 to 2.

Also disclosed herein is a hygroscopic laminate film comprising a moisture
reactive material, the transparent moisture reactive material comprising a polysiloxane
comprising a main chain and one or more side chains, wherein the main chain and/or the
one or more side chains comprise a group represented by the formula:

25 ~MXnYa ;
and wherein: M is selected from the group consisting of a multivalent metal atom, B, and
P=0; X is a hydrogen atom, a substituted or nonsubstituted alkyl, alkeny! or alkoxy group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group; m is
from 1 to 3; and n is from 0 to 2.

30



10 sides. FIG 3 shows another exenplary organic EL el enent wherein noisture
reactive conposition 6 conpletely covers the |aninate. The organj 5L

el ement dewonidsmdsmbove may conprise the transparent mi%‘?ﬂpﬁﬁog@gﬁ ive
material conprising a noisture-reactive polysiloxane conprising a main chain
and one or nore side chains, wherein the main chain and/or the one or nore
side chains 15 conprise a group rephes®iEgd by the formula: -MXmvyn and
wherein: Mis selected fromthe group consisting of a multival ent netal

atom B, MhtriaB=0 X is a hydrogen atom a substituted or nonsubstituted

al kyl, al kenyl or al koxy group; Y is a substituted or nonsubstituted

al koxy, siloxy, carboxyl, or diketolate group; mis 20 froml to 3; and n is

fromO to 2. j 0 d.g. @ hygroscopic lamnate filmconprising
Afﬁ@foﬂb%%lg;}gfﬁg‘f}? Rﬁé‘uéeﬁ.

a noisture reactive e transparent noisture reactive nmateri al
conpfi si ng a Rudymei I: GBDeshitecSiticorss (., 1dplA3 0% viscesity «fr20,090 mmf/g GHde

chai ns, wherein the main chain and/or the one or nore side chains conprise
a group representgéfdlpﬂ?ntlﬁ%lsﬁ%ﬂl%l a: 25 -MXni¥n and wherein: Mis sel ected

yar ogen at omClie s Sl Fehilte SHEHCERITE, YFERFL LR el miiol, ° ©

group; Y is a sybsiptkratiasls egalepnsubsti tuted al koxy, siloxy, carboxyl, or
di ketolate group; mis froml to 3; and nis fromO to 2. 30 -8 WO

2006/ 093702 PFolynusZodH HoddsoSilissnatilos LA MYF3$T7aCam, THE groipl tewwingls pol ymer s
werg used: 5 Polymer,1l: GE Toshiba Silicones Co., Ltd., YF3807, viscosity of
20 %0 mn/s, msg%?dwp termnals seal ed Polynmer 2: CGE Toshiba Silicones

Co., Ltd., YREIOer #iA56081 ¢/, 0., 8MVOX 21 o3ty ©4B0 mm?/s, OH group terminals
g sealed
Polymer 5: Azmax Co., Ltd., DMS-831, viscosity of 1,000 mm?s, OH group
terminals sealed
15 Polymer 6: GE Toshiba Silicones Co., Ltd., TSF451 1M viscosity of 10,000 mm%/s
Polymer 7: GE Toshiba Silicones Co., Ltd., TSF451 100M viscosity of 1,000,000
mm®/s
Polymer 8: GE Toshiba Silicones Co., Ltd., YF3804, viscosity of 80 mm’/s, OH
group terminals sealed
20 Polymer 9: Azmax Co., Ltd., FMS-9921, viscosity of 40-150 mm?/s, OH group

terminals sealed

The following compounds were used:
Compound 1: trioctylaluminum, Sigma Aldrich Co., Ltd.
25 Compound 2: Chelope EP-12, aluminum diisopropoxyacetylacetonate, Hope
Chemical Co., Ltd.
Compound 3: Liquid Oliepe AOQ, aluminum oxide octylate, Hope Chemical Co.,
Ltd.
Compound 4: Aerosil® RY 200, silica filler, Japan Aerosil Co., Lid.
30 Compound 5: tri(2-octyldodecyloxy)aluminum (synthesis described below)

Compound 6: tri{polydimethylsiloxaneoxy)aluminum (synthesis described below)

.



group termnals seal ed Polymer 3: GE Toshiba Sili cones Co Ltd YF3897,‘
Gum OH group termnals 10 seal ed Polyner 4: Aznmax . goz

Vi scosi ty v 2@fom378i s, OH group ternminals seal ed Pol yné’rCT@szﬁ&Gmﬂ}%

Ltd., DV5-S31, viscosity of 1,000 mR2/s, OH group termnals sealed 15

Pol ymer 6: CE Toshiba Silicones Co., Ltd, TSF451 IMviscosity of 10,000
m2/s Poly X T ,iﬂg@yln osity of
1, 000, 000 RS rpoutF Ji 8RB Ptopy A 956 nihobu %%eg%emc%%ﬂﬁ%h Yngsegiﬁ
viscosity of 80 defibed kdtbwproup terminals seal ed 20 Polyrrer 9: Azmax Co.,
Ltd., FM5-9921, viscQsit 40- oup termnals sealed The
fol | owi ng corkBRmyE Sﬁ?ﬁﬁ'\lggﬁfateoé%ﬁ&r}gﬁ/@h CPP#?B‘it yl al umi num Sigma Al drich
Co., Ltd. 25 (

di i sopropoxyace y%gggt grﬁ?m%ﬁ—g@ té?%%ém@g#waﬁ aflats&r)n%%gﬁdh%g CEI qui d

A iepe AOCO al umipim oxi de octyl ate, Hope Chem cal Co., Ltd. Conmpound 4:
Aerosil (r) RY 200, silica filler, Japan Aerosil ., Ltd. 30 Conpound 5:
tri(2-octyl dé&@%@d}?a@%lh@ﬁr@ymmm@ n@l@g@wsmte@éﬁ%wmot@& DEd 6:
tri(pol ydi net hyl %@neoxy) al um num (synt hesi s descri bed below) -9 WO
2006/ 093702 PCTf US2 1005860 Conpound 7: tri(polypropyl ene glycol
nonobut yl et her oxy) al um num (synthesis descri bed bel ow) Conpound 8: triethyl
borate, Sigma Aldrich Co., Ltd. Conpound 9: Orgatix TA-30,

t et r a( 2- eSymphdsisafiQompiound 5 i(iei(2- Wbbdmyéova@ldmngurﬂo

10 A toluene solution containing 25% of triisopropylaluminum (manufactured by

Sigma Aldrich Co., Ltd.) was placed with a syringe in an amount of 20 g in a 200-m!
Schlenk tube having been purged with nitrogen. Moreover, 20.5 g of 2-octyldodecanyl
alcohol (Kalcol® 200GD, manufactured by Kao Corporation) was gradually added to the
toluene solution. Heat generation and bubbling of butane were obtained, and a colorless
15 transparent solution was observed. The product was not taken out, and the solution was

used for preparing a moisture-reactive composition without further processing.

Synthesis of Compound 6 (tri(polydimethylsiloxaneoxy)aluminum)
The procedure in the synthesis of Compound 5 was repeated except that 16 g of a
20 25% toluene solution of triisopropylaluminum (manufactured by Sigma Aldrich Co., Ltd.)
and 5.0 g of an alcohol having a polydimethylsiloxane skeleton (Silaplaine FM0411,

manufactured by Chisso Corporation) were used to give a colorless transparent solution.

Synthesis of Compound 7 (tri(propylene glycol monobutyl etheroxy)aluminum)

25 The procedure in the synthesis of Compound 5 was repeated except that 20 g of a
25% toluene solution of triisopropylaluminum (manufactured by Sigma Aldrich Co., Ltd.)
and 2.0 g of polypropylene glycol monobutyl ether (manufactured by Sigma Aldrich Co.,

Ltd.) were used to give a colorless transparent solution.
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5 Ltd. Conmpound 10: Orgatix ZB-320, zirconiumtributoxystearate, Matsunoto
Tradihg Co., Ltd. Synthesis of Conpound 5 (tri(2-octyl dodecyl oxy)al um num
-10 A tol ue@@'cfﬁ&j,dgyogn cont ai ni ng 25% of triisopropyl al unPaumstavenesBelct ur ed
by Sigma Aldrich Co., Ltd.) was placed with a syringe in an anount of 20 g
.in a 200-m. Schl enk tube having been purged with nitrogen. Mreover, 20.5 g
of 2-octyl.dodecanyl al cohol (Kalcol (t 200GD, nmanufactured by Kao
@rporatigﬁﬁm@ gradual ly added to the toluene solution. Heat generation
and bubbling of ﬂbwcﬁﬁ%thwlexé&ﬁg‘@wm, nBRbfRnee! B GESfoshiva SiRcRRACEN!

sol ution was observed. The product was not taken out, and the solution was
used for ptdedmvingg silanol goup et-botatetminalsovaspdded incem amduimd of 4.0@rtb adexane

e b ocoRIFEsn o 46 o yirosdS R COGIAICS YSLETe PO nnth PR 16 0
A drpon b b g ol e HasiaRK S AL L LIS OARSEL, Xane

skel eton (Sil apl aine FM)411, manufactured by Chisso Corporation) were used

to give a_colorless transparent solution. Synthesis of Conpound 7
(tri (prophkampley @bl nonobutyl etheroxy)al uminun) 25 The procedure in the

t hesi f d>5 . t th 20 f. 50t
Soluton of ¢ rorRggs Spmpaels TR bidines SRRk mail S ot i otient B 21T 4
and 2.0 gag inARé ¥RRORUNRARs ¢ FEhple®N oRdifioE bMRbrihEBpelsakerr @MY Signa

Aldrich Co., Ltd.) were used to give a colorless transparent solution. -10
WO 2006/ 0DRYeZ™ P -(EXN) esnalsasa! byExamitbrao BMA [pd) yets nesdhip (FxainplealVe ( YT3807,
manuf actured by GE Toshiba Silicones Co., Ltd.) having a silanol group at
both term nals was added in an anmount of 4.0 g to a hexane solution of 4.0
g of trioghypadaHid pusLbRRAYSactured by Sigma Aldrich Co., Ltd.) ina 20 5 m
screw tube, and the conténts were drastically stirred to give a solution
conposi tion. Exlatiph esmBodidoisAvere obtained from materials as shown in Tables 1 and 2

and in the same manner as in Example 1.
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Sol ution conpositions were obtained using materials as shown in Tables 1 and:
2 and in the sane manner as in Exanple 1. In ads ditran, a fluorine type
sol vent (3dlvbdé»stlavecTM HFE- 7200, manuf actured by Sum pormws3nboeBeh ) was
used in Exanple 17. Conparative Exanples 1 to 4 Sol ution conpositions were
obtained frommaterials as shown in Tables 1 and 2 and in the sane manner
as in Exanple 1. -11 WD 2006/ 093702 PCT[ US2006/ 005860 Table 1 Exanpl e
Polymer 123456789 1802 8bablelgo 420 580 6 45 45 7 80 8 50

9 50 25 10401120 712 2‘61—3“*36—1Zr2‘ifm;rﬁ®“ﬁ"r0—“60m7a‘rativel
Example 1 | 2 | 31 456 7 [ 8109
1 80
2 80
3 80
4 20
5 80
6 45 45
7 80
8 50
9 50 25
10 40
11 20
12 20
13 80
14 20
15 20
16 10
17 10
Comparative 1
Comparative 2
Comparative 3 80
Comparative 4 50
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Conparative 2 Conparative 3 80 Conparative 4 50 -12 WO 2006/ 093702
PCT/ US2006/ 005860 Table 2 Exanple Conpound 1 2 34567 89 10 1 20 2 20
3 20 4 80wP208f093%210 7 20 8 50 9 20 5 10 80 11 80 PL2/UBC006DEER® 14 80
15 80 16 74 17 90 Conp. 1 100 Conp. 2 100 Com. 3 20 Conp. 4 50

Table 2
Example Compound
1 2 3 4 S5 6 7 8 9 10
1 20
2 20
3 20
4 80
5 20
6 10
7 20
8 50
9 20 5
10 80
11 80
12 80
i 13 20
‘ 14 80

15 80
16 74
17 90

Comp. 1 100

Comp. 2 100

Comp, 3 20

Comp. 4 50

Measurement of Hygroscopicity
One of the solution compositions mentioned above was placed in a commercially
5 available polypropylene-made tray, 100 mm (inner diameter) x 70 mm, in an amount of 1
g (as solid after drying), and the solvent was distilled off under reduced pressure. The
{ sample thus obtained on the tray was placed in a glass bottle having a volume of 420 mi
together with the tray, and the bottle was immediately closed with a metal-made cap on
which a temperature and humidity meter (trade name of 605-H1, manufactured by Testo
10 Co., Ltd.) was mounted. The time required until the relative humidity (RH) within the
bottle lowered by 10% and the RH after 12 hours were measured. The room temperature

was 25°C. Table 3 shows the measurement results,

-13-



Measur enent of Hygroscopicity One of the solution conpositions nmentioned
above was placed in a coomercially 5 avail abl e pol ypropyl ene-nmade-tray, 100
mm (i nner @igakd@tlozx 70 nm in an anmount of | g (as soPCTUSINE&POSBEYi ng) ,
and the solvent was distilled off under reduced pressure. The sanple thus
obtained on the tray was placed in a glass bottle having a volune of 420 mi

together with the tr q the bottle was immedi ately closed with a

met al - md&m%@ﬂgl—@énperature and humi dity neter (trade nane of
605-H I, manuf T %R:'ﬁ] qui red
unti | the rel a?:ﬁ%/gérﬁ% W&%%@%ﬁ;&v&%ﬁ?en dlw tePﬁ) O%s&%}‘%é@?@&ﬁ/gdgﬁd t he
RH after hambodsmifaveured beBistacldd.td.Jha sangis foeﬂmmmsmmmenmss Iﬂslﬁredrh;bl e 3

shows the nmeasurenment results. -13 WO 2006/ 093702 PCT/ US2006/ 005860
Measur enef0attE aompapipily evailrble nebi(pthnlsne tetfe}ph@ralaé@r{BE& filga Lurizor®dd wi t h

e, T o0 HE gtk AL TR ag R BEAN APt o B AR atbiorkyai | al o

pol y( et hy|c§ﬁi§o§1€6r%9£'&‘ﬁﬁf%&ﬁhnﬁd° Eﬂéreﬁ.lbllng" (Idn}fg‘céa{t&f (Thk ﬂnﬁthﬁ:@nes@%ﬁ@? thi ck,

manuf act ured by Toray | stries one of the above sol ution
conposi ti dagng wasShpir dgeampdé, BOpines 40 msi, m@s auﬂ@utfoét}md'ﬂtr%us diteintd, | and

t hi ckness after drying was 50 m A sanple, 30 nmx 40 mm was cut out of
the fil m eRewedisstandder 3 daya in the e @t ard arfdatﬂ@rhugndu@ygfﬂ}?/ottmbe air at 25C
and a rel ative, hum djt % t uat el.y nal sis, the
per i1 m e Gl ol Bedli RS SEiEaind bitoe o apRRED IR The
wav glgengt &aﬁﬁﬁléﬁ@yﬁfthé%vél%g@ﬂ@eg’"&ﬂofM@%lSD@Hﬁm of Flexibility The film
used above was bent along an iron bar O m) and was visually
observed. The nunber of bendi ngs requi red to crack each of the filns is
tabulated in 1 ..A maxi mum of 10 bendings was carried out. -14 WO
2006/ 093782358 3960 Table 3

The film used above was bent along an iron bar (R = 10 mm) and was visually

observed. The number of bendings required to crack each of the films is tabulated in

15 Table 3. A maximum of 10 bendings was carried out.

14~



Exanple Time until RH RH after 12 Transparency Nunmber of |owered by 10%
hours bending (mn 1 4 <1%98%>10 2 4 <1%97% >10 3 3 <1%98% >10 4 2
2% 98% >10 wd20b6/893%008% >10 6 5 <1% 98% >10 7 10 3% 95RCTINB20@/B586%0 96%
>10 95 1.5%90% >10 10 8 <1%95% >10 11 6 <1%91% >10 12 12 4% 90% >10
13 4 2% 95% >10 14 5 2% 94% >10 15 6 2% 92% >10 16 8 <1% 95% >10 17 8
<1% 95% >10 Conp. 1 5 <1% Crack Broken b formati on one bending Conp. 2 3
<1% Crack Broken by forrratlon one benaﬁhé3 Conp. 3 - 5% Chal ked >10 Conp. 4

- 5% Chal ked >4'1*-rk O fre n mthe—res TQ in Tabl e
3. The conposi} r] RpiES i m#‘% ;17’ ﬁmgﬁeg?%uﬁeﬂg Oim eactive,
and can be usef as moi .8 YErRed by A8%i ng h%lﬂénts Mor eover M€or jred out of
t he conpositiops havel suffimi}ent flexibility [and
1 4 <1% 08% >10
2 4 <1% 97% >10
3 3 <1% , 98% >10
4 2 2% 98% >10
S 4 <1% 98% >10
6 5 <1% 98% >10
7 10 3% 95% >10
-8 5 4% 96% >10
9 5 1,.5% 90% >10
10 g <1% o5 T 510 ]
11 6 <1% 91% >10
( 12 12 4% 90% >10
' 13 4 2% 95% >10
F—M 5 2% 94% >10
15 6 2% 92% >10
16 8 <1% 95% >10
17 8 <1% 95% >10
Comp. 1 5 <1% Crack Broken by
formation | one bending
Comp. 2 3 <1% Crack Broken by
formation | one bending
Comp. 3 - 5% Chalked |  >10
Comp. 4 - 5% Chalked >10

The following are evident from the results shown in Table 3. The compositions in
Examples 1 to 17 are adequately moisture reactive, and can be used as moisture-trapping
. agents. Moreover, films formed out of the compositions have sufficient flexibility and

transparency in the visible light region. On the other hand, the compositions in
Comparative Examples 1 and 2 are very brittle after absorbing moisture, and are hardly
bent. Moreover, although the compositions are transparent directly after applying the
compositions, they are chalked 12 hours after leaving them. The compositions in

10 Comparative Examples 3 and 4 show poor transparency, and are in a liquid state because

they are not cured even when they absorbed moisture.
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transparency in the visible light region. On the other hand, the
conpositions in Conparative Exanples 1 and 2 are very brittle after

absor bi ng w@ Mveww7ozand are hardly bent. Moreover, alth®(giuseiee005860
conpositions are transparent directly after applying the conpositions, they
are chal ked 12 hours after |eaving them The conpositions in 10 Conparative
Exanpl es 3 and 4 show poor transparency, and are in a |liquid state because
they are not cured even when they ath’@PHéﬁﬁmi sture. -15 WO 2006/ 093702

PCT/ US2006/003R6@ Exanple B Exanple IS FIG | shows an organic EL el enent

t hat was pr'a'p'g‘r‘e‘g as follows. A glass substrate was used as the substrate
1, and a gl ass Fd@abbthoatseaanwirgdni@BL ielethientnbhi waoprepared hsTfollows. fAi dlass

(manuf actured by Sanyo Vacuum I ndustries Co,, Ltd., ITOfilmthi céj} s of
150 nm sletstralesesdisas avthe substialeny ard 2 glassRibstrte pidew ipdivm tin gxide dilRRnsi on

of 40 mm 9l t.h a ;

el ec'?jr ode)ﬁélégpggahfagg?et%h%aﬁlgéSfragudgé{gm%%ebsUg’gé'fggﬁ\i}vgéﬁ]sur%idgelggl%jéned by
sol vent clspantddBtanade 1Uhdngsq ahkethickhedsiof 0 mimaMBherdionasTd0thing xEX @in)

el ectrode layer 5 were fornmed on the I TO el ectrode 3 by vacuum deposition.

10 The vactrapridrspessby pariolithographydiotfpren eml T alsskodsf pattne asdbuelastondsdsi ti on

I it d with fil,mthi . trad f 1C6000,
mut act uris P Bete ot B s RintobtThe bl L SR Bus D acaum
bath vas 3o sheikl dldroi@tdyer TReradbaAR] Gn HUNTDIMRRbaL 3E0NaduiRoraripRd out

of three types of organic low nolecular weight materials shown bel ow, and
t he tht al Thelvasuum déposisionvats addthe tinckifess of the aaculif depopidion pdyehwkwscyani ne

onbc) | SRSt Bl B R0 ol e or 6606 Sl AR
bi S|\ (11- E@ﬁx%'?ﬁé%a@i@gr@t{ﬁd @%Meddfﬂﬁe v bakiPWAS abomit | YN OF Bir£K was then
e Pc by Vva hol

formed on | aye por deposition as a e transport layer. A
t ri s( 8- hydr oxy @bt pegdanivafodtadnahiayerh wdsl foim{dg DY thray BpeSOf argartiblosk was t hen
formed on the NPD | gyer by vapor deposition a n el ectron franspart and

eni ssi on m%%m@ﬁ&%&&ﬁe&w@ﬁ R Fttetab il HEckTes Vigk GO SFRls about

3 A pec. él%f_)petr @E@S}o@ﬁ%‘f@ ©uPUPLEL B! iin WEHEWIPRILEE bi HRATEYe1DidiR0R 1yt €€l

Chem cal

vapor deposition as a hole injection layer. A bis[N-(1-naphthyl)-N-phenyl]benzidine
(NPD) layer 55 nm thick was then formed on the CuPc layer by vapor deposition as a hole
transport layer. A tris(8-hydroxyquinolinato)aluminum (1IT)-(Alqg3) layer 60 nm thick was
then formed on the NPD layer by vapor deposition as an electron transport and emission

20 layer. The vapor deposition rate of all the materials was about 3 A/sec. All these organic
materials were manufactured by Nippon Steel Chemical Co., Ltd.

The metal electrode layer 5 was formed on the Alg3 layer by vacuum vapor
deposition. The metal electrode layer 5 was formed out of the two types of inorganic
materials explained below, and the total layer thickness was 101 nm, First, a lithium

25 fluoride (purity of 99.99%, manufactured by Furuuchi Chemical Corporation) layer 1 nm
thick was formed by vapor deposition as an electron injection layer. An 'aluminum (purity
of 99.99%, manufactured by Kojundo Kasei K.K.) layer 100 nm thick was then formed on
the lithium fluoride layer as an electrode metal. The vapor deposition rate of lithium
fluoride was about 0.3 A/sec, and that of aluminum was about 5 A/sec.

30 Next, the interior of the recessed portion of the sealing cap 2 (made of glass,

having an outside dimension of 40 mm x 40 mm and a thickness of 3 mm, the interior of
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The metal electrode layer 5 was fornmed on the Al g3 | ayer by vacuum vapor
deposition. The netal electrode |layer 5 was forned out of the two types of
i nor gani ¢ wirdoes/éh@ expl ai ned bel ow, and the total |ayePCTRIS2I06H886thas 101
run. First, a lithium25 fluoride (purity of 99.99% nanufactured by
-Furuuchi  Chem cal Corporation) layer | rim thick was formed by vapor
dep05|t|on as an electron . injection |

An_al um nu ur f 99.99%
manuf act urt TE’B‘}/SS%PQIH%h%%%? WWW’“I‘%?@MWW% ‘é&g‘é éhéﬁ“’? ¥ ied onQ

of 11 i i B B B O o P LR 5

A sec. 30 iexitmokpierd off enitrogerpfastiiven wbihaseistupodrid oxyged wefeeremesed mg cap 2
(made of glass, having _an outside dinmension of 40 nun x 40 nm and a
t hi ckness Tafchgs MSIHIﬁ@nﬂ igdi Srtrapparentdilpng i3 Bo e asachres FURPIFIENT005860

my s aoaves et o e EAEE A AR s Be T e e PR iR ©f T ©

corrp05|thsn( my@@,ﬂp&@),l, in an inert atnosphere of a nitrogen gas from
whi ch noi sture and oxygen were renoved as nuch as possible, and dried. A
transparent fi[Thestalingancrobestand gherargenic B clamgmd sierd enposedilociaeh ofher imant hi ck

thus formed within the seal tht-bb t 6
G yi ng. modRE) ApRielt B 4 FGoRERerom A GRS BF R 20 CE8 BRAETRAYCopposed {0

each ot herpjd a@rﬁosélmg%daﬁm@&%rﬁ Qb mént Vs "se18Mb 9 asp g W tWlitgRid®pst ure and
oxygen were renoved much "as possible, and the organic EL el enént was

seal Bl by capgble/dpogy msﬁm@dnd@mck Eyrpmuﬁbtmd hb[K@nesfao@y Léb) a5 thBeditbs@ai’ck 5,
manuf act ured by Konishi Co., Ltd.) as the adhesive 7, and drying. The
organi ¢ EAdEHBHt was subjected to a storage test in the air at 25C and a

relative hum di . i to
seal'ing was talgte}% 09%“?001% efekr[e%a}vfd § %1%6&%{%?8{@ a’fsﬁcgkgeeﬂe efge)[%glkz%{l‘?'

el ectr ode rglawashuifidtty a5 509%. It he @@ﬁin&ELtéI@némkﬁﬁseqﬁ@ﬁtd@dﬁn@wﬁa&ke@ed as a
cathode; the organic EL el enent was observed with an optical m croscope

(trade nareat afthlmdronnﬁ)ﬁum@rt@tm%plhm The/Msuelecdrrdecr wied eneil as sommsiet ad to a
oD famer %he\!wx}ilejta? electro D%ev Vl'vgsav%%d %g a 2aR0de; %e%r\é\/aaxﬁc BE‘ TR Q\lrals % setr\(/)edtvbl an
optical microscope (trade name of BX60, manufactured by Olympus Corporation)
connected to a CCD camera while a DC voltage of about 9 V was being applied to the
electrodes, and the proportion of the initial nonluminescent area to the luminescent portion
was calculated from the luminescent photograph image of the organic EL element taken,
20 No nonluminescent portion was observed in the organic EL element of Example 18,

Next, the organic EL element was stored in the air at 25°C and a relative humidity
of 50% for 3,600 hours, and the proportion of a nonluminescent area was calculated by the
same procedure as in the calculation of an initial nonluminescent area. The huminescent
area of the organic EL element in Example 18 after storing for 3,600 hours was identical to

25 the initial lJuminescent area, and the increasing rate of a nonluminescent area was 0%. The
results show that the composition of Example 1 effectively traps moisture and oxygen that

would otherwise penetrate into the organic EL element.

Comparative Example 5

30 An organic EL element was prepared in the same manner as in Example 18 except

that the composition of Example 1 was not used. The initial luminescent area of the
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|
el ectrodes, and the proportion of the initial nonlum nescent area to the

| um nescent portion was calculated fromthe |um nescent photograph i mage of
the organic EL el ement taken. 20 No nonl um nescent portion was observed in
t he organi b nt of Exanple 18. Next, the organic g

stored in ﬁﬁg%ogﬁ 9%2@ 25C and a relative humdity of SO%E ﬁg@gifﬂﬁours
and the proportion of a nonlum nescent area was cal cul ated by the sane
procedure as in the calculation of an initial nonlunminescent area. The

| uni nescenfrgand BB eRmehiWadmeanted drlthe baneplocédurdasinPixempl B tHfe storing for

3, 600 hours was identical to 25 the initial |um nescent area, and the
i ncr easi n@rwmrwf the inétia] aanlyEsrespent greedn fgoremc lﬁca@leme@ém ({J@mBmWft hat the

conpositi Chi vvoul d
ot herw se%g‘ a%ng)# E{ ko ﬁ’r?glesb{rhﬁaﬁg%l “Eﬁﬁgfeg{rgg{ ?'Eé]@%rp%;gt i've a{e% &'5 30 An
organi ¢ Elsegl r@rn-we oy@amm%@m wah thehQtored R tHBHIN §f 22€ dnd XRADE BurhBligx cept
that the conposition of Exanple 1 was not used. The initial |um nescent area

of tHe -100\MI20OOB/600B7082, @Wiﬁ@ﬁ%ﬁﬁ@%ﬁﬁnlmmﬂﬁMpmoalaﬁneﬂonmwamasured
by the sane ocedure as in 8 Th roportij,on |n|t|al
nonl uni nescelgﬁ{ate?etaéﬁ? SR ROy B Bl THe PR af ffhsaml BESPE s vas

3.1 % f [ ty after
seal i ng T eedlg;t%etg}garﬁgp réPée;nneElh?ng@%t g}lfl\@gat(%@elggla%t e a r af S%lu%?nd a

rel ative hasiddix®y. Thoickedng cte 3f HO dohlamissscan dreh lveas jps omdﬁg}nam 2%5%

nonl um nescent%&ortl on after storing was cal cul aged by the sa 1l;rocedure
as in Exarfiedespds shaysths F%‘B@F‘FPBWB}FY&CHQGWW@Wé %@mﬂmga%@rm the organi c
EL efsenent A sipnt ng for 3,600 hours was
91.31099 Theseﬁgr{1 ?dglam negﬂroa e o he n%ﬁ{%%tr?escgkt area was as very high as

295% The results show that noisture and oxygen penetrated into the sealing
cap through the 10 sealing adhesive 7 to deteriorate the organic EL
el ement, CHPRAZ Xappghl e 6 An organic El el enent was prepared in the

ame manner a 1 Ly 99. 9%
?ranuf actured ;yAIEmEﬁErEj &ﬁ?grr]nﬁga arr%(gfr?la E’a%;e( B%ﬁe&‘ﬁg naé)?%mﬁ%g? texo?%gf t he ’
conposi t i ahat@aCFpaniehiBiel puBgOr9ants, chamfavaied ReFauasttChegiiel (Brporation)

15 was used instead of the composition of Example 1. BaQ particles were adequately ground

ok anmy

in a mortar, and the resultant particles were fixed to the recessed portion of the sealing cap
2 with a double-coated tape (trade name of ST 415, manufactured by Sumitomo 3M Ltd,).
The initial luminescent area of the organic EL element was measured by the same
procedure as in Example 18. The proportion of the initial nonluminescent area in the

20 organic EL element in Comparative Example 6 was 0.1%. The organic El element was
stored in the air at 25°C and a relative humidity of 50% for 3,600 hours, and the proportion
of a nonluminescent portion after storing was calculated by the same procedure as in
Example 18. The proportion of the nonluminescent area in the organic EL element of
Comparative Example 6 after storing for 3,600 hours was 0.1%. The increasing rate of the

25 nonluminescent area was 0%, which was the same as that in Example 18.

Comparative Example 7

An organic EL element was prepared in the same manner as in Example 18 except
that aluminum oxide octylate (AOQ) (trade name of Liquid Oliepe AOO, manufactured by
30 Hope Chemical Co., Ltd.} was used instead of the composition of Example 1. The

recessed internal portion of the sealing cap 2 was coated with a solution containing 48% by
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in anortar, and the resultant particles were fixed to the recessed portion
of the sealing cap 2 with a double-coated tape (trade nane of ST 415,

manuf act ur eglo Byosousript ono 3M Ltd.). The initial | um nescepttT/asas@issdoche
organi c EL el enent was neasured by the sane procedure as in Exanple 18. The
proportion of the initial nonlum nescent area in the 20 organic EL el enent
in Conparative Exanple 6 was 0.1% The organic El elenment was stored in the
air at 25Cweight of A@D4n pw incriatindsphpreatt a30Upgenrgas fi®00Whish meoistaiecndincygen

ti f | um t i i lated by th
B e pr oo UETPeeTaR A s b PEovinE 2ot aR o sh AR Ble “a BBS R A B ar o
i n the or gk ol CTRIBNLI AininGRERINA d1Re IE2, SerplihtOhasThakhRd by ke 3, 600

hours was 0.1 e Increasing rate of the Z5 nonlum nescent area was 0%
whi ch was dahe peceduagsastih xample B¥a ik @rdrtiorGefithainatial wenlExangstent Arearindregani ¢

EL el d.i h [ | e, h
a1 uni um GFBARC Shiats it Rempriety aBuHaRY ' A4"QuiThe &1 52Bise ARSTTIAWG act ur ed
by 30_HongChGMGAln e a 256 nha U9 1RSI BRY SRS DEVERIROSHA LRD O

anpl e 1. e recessed i nternal “portion o g sealing cap 2 was coated

with a solpibpitiof 0Nk abmufthed&Ht Portion dReMZAORAOGRAN BT (HISZRO Hrétedae0

wei ght of AQO in an inert atnosphere of a nitrogen gas fromwhich noisture
and oxygerss ipngxamplent®y cldeapsoparion efsthp senlpiinescent dred i te.organéc Poelamantofias

about 0.5 thick ~after.drying. The.initial |umnescent area of, t

or gani ¢ EL%B%W(E %\ﬁé‘lpﬁ%géﬁ%ﬂgfb@ﬁ °ﬁé=6ﬂgmsﬁ¥%?égﬁr EEE?GF‘??S’I’:Q)%GWBIOEETB. The
Propog t i om@furhin@sdeft drbdlyad PEYo4 L NES 85 ar@d Sithni tHatliN ExamPled@Ni ¢ EL el ement in
Conparative Exanple 7 was 0.4% The organic El elenment was then stored in
the air at 25C and a relative humdity of 50%for 3,600 hours, and the
proportion of a nonlum nescent portion after storing was cal cul ated by the
sane procedure as in Exanple 18. The proportion of the nonlum nescent area
in the organic EL el enment of Conparative Exanple 7 after storing for 3,600
hours was 6.5% The increasing rate of the 10 nonlum nescent area was 163%
whi ch was | arger than that in Exanple 18. -19 CLAI M5
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1. An organic EL elenent conprising: a lamnate conprising: 5 a pair of

mut ual | y opposi ng el ectrodes, and an organic | um nescent nmaterial |ayer
conprising an organic material, the organic |um nescent material |ayer

di sposed between the pair of mutually opposing electrodes; a sealing
structure that shields the |lamnate fromthe outside air; and 10 a noisture
reactive conposition disposed within the sealing structure, the noisture
reactive conposition conprising a noiGLAIMSr eactive pol ysil oxane conpri sing
a main chain and one or nore side chains, wherein the main chain and/or the
one or nore side chains conprise a group represented by the formula: 15

- MXmy™ aﬂd mgt%r %i n. %gtie%r&eel egéled fromthe group consisting of a
mul ti val ent alrs4to : 24§ PIYEX i s a hydrogen atom or a substituted

or nonsubstituqﬁgm@kkmhmﬁghgenyl or 20 al koxy group; Y is a substituted or
nonsubstituted al koxy, siloxy, carboxyl, or diketolate group; mis from1l
to 3;5and ni afpamnfﬁnmzﬂlympesing'ﬁectm@arﬂnd EL el enent of claiml, the

seal ing structure coqg%lisi ne?, a lég\%ﬁ? receiving face.side,. t e |ight
recei ving fac@m Sie3Riciuminescapfmag HETSOMPRSING 3R OB GALTEh BG RN ve
conposi tion is di pRASEHeRTAGHN TayeP GishdsI0betoREE HE R drAtGusil sind 3. The
organi ¢ EL el enent o? cf‘gi m 1, tﬂg ?13#3,—(? natg conpr iﬂshlg(ng at ?le)g&sxptpocs)lng
| um nescent f aceels¢teteles;wher ei n the noi sture reactive conposition is
di sposed adj acent the | um nescent face side. .
a sealing structure that shields the laminate from the outside air; and
10 a moisture reactive composition disposed within the sealing structure, the moisture
reactive composition comprising a moisture-reactive polysiloxane comprising a
main chain and one or more side chains, wherein the main chain and/or the one

or more side chains comprise a group represented by the formula:

15 -MXnYn
and wherein:
M is selected from the group consisting of a multivalent metal atom, B, and
P=0;
X is a hydrogen atom, or a substituted or nonsubstituted alkyl, alkenyl or
20 alkoxy group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate
group;
m is from 1 to 3; and
nis from 0 to 2.
25
2. The organic EL element of claim 1, the sealing structure comprising a light receiving
face side, the light receiving face side facing the laminate, wherein the moisture reactive

composition 1s disposed adjacent the light receiving face side.
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5 4. The organic EL el enent of claim1, wherein Xis an al kyl group
conprising froml to 20 carbon atons. 5. The organic EL el enent of claiml,
wherein Xis an al koxy group conprising from8 to 1,000 carbon atons. 10 6.
The organic EL elenment of claim5, wherein the X is a nethoxy group, an

et hoxy group, a butoxy group, a hexyloxy group, a cyclohexyl oxy group, an
octyl oxy group, a 2- ethyl hexyloxy group, a decyloxy group, a |auryl oxy

group, a myri The bpaticdoepment efeiaiinol yhe lgmingbe camprishgsitdedsy bexiyimiicdcynt an

i sobor nyl oxy group, a chol esteroxy. group, a 15 pol yoxyal kyl ene npnoal kyl
ester grodgee siie, s@rwﬁmlktywerﬁ@ct%ﬁe@pkgm%tsw&p@ﬁfgﬂ Hhiangpt the jummpseenly gani ¢
EL el e”entfa%fsi&l aim5, wherein Xis a pol yoxyet hyl ene nonol auryl esteroxy
group, a po(f yoxyet hyl ene nononet hyl et heroxy group, a pol yoxypropyl ene
nonobut yl et heroxy group, a pol ytetrahydrofuran nononet hyl etheroxy group.
20 8. The organic EL elenment of claim5, wherein Xis an al koxy group

conpri si ng pdhydigapiclil glemertofelaig 1, heram asiae alkyl glowpsemposing fraim 1,
wherein Y iaoan al kﬁyl carboxyl group, 2 25 ethyl hexyl carboxyl ate, isostearyl
car boxyl at'® 20 SETBER §1°MSar hoxyl ate, cycl ohexyl carboxylate, or naphthenyl
caboxyl ate. 10. The organic EL el enent of claim11, wherein the

noi sture-reactive polysiloxane is represented by the fornula: -21 YmRRYY,
Xm M O S i5 Z- $he ofgabicoEh Blememt ofidi@mel, whefin X is anlelkerd gravupycomphiyitie dgpang at om
a substituted or nonsubstituted linear or alicyclic alkyl or alkenyl group
havi ng fr dtnlD0Psabon atomson at ons, or a 10 substituted or nonsubstituted aryl
group, having from| to 10 carbon atons; and

6.  The organic EL element of claim 5, wherein the X is a methoxy group, an ethoxy
group, a butoxy group, a hexyloxy group, a cyclohexyloxy group, an octyloxy group, a 2-
ethylhexyloxy group, a decyloxy group, a lauryloxy group, a myristiloxy group, a cetyloxy
group, an isostearyloxy group, an isobornyloxy group, a cholesteroxy group, a

15 polyoxyalkylene monoalkyl ester group, or a polyoxyalkylene monoalkyl etheroxy group.

7. The organic EL element of claim 5, wherein X is a polyoxyethylene monolauryl
esteroxy group, a polyoxyethylene monomethyl etheroxy group, a polyoxypropylene
monobutyl etheroxy group, a polytetrahydrofuran monomethyl etheroxy group.

20
8.  The organic EL element of claim 5, wherein X is an alkoxy group comprising

polydimethylsiloxane.
9.  The organic EL element of claim 1, wherein Y is an alkylcarboxyl group, 2-
25 ethylhexyl carboxylate, isostearyl carboxylate, stearyl carboxylate, cyciohexyl carboxylate,

or naphthenyl caboxylate.

10. The organic EL element of claim 1, wherein the moisture-reactive polysiloxane is

represented by the formula:

21-



Z is a divalent polysiloxane linking group. 11. The organic EL el enent of
claim1, wherein Z conprises polydinethylsiloxane, polydiphenylsiloxane,
pol yphenyl met hyl si | oxane, or pol ytrifluoropropyl nmethyl siloxane. 15 12. The
organic EL element of claim 1, wherein Z has a nol ecul ar weight of from 200
to 3,000,000. 13. The organic EL elenment of claim1, further conprising a
pol ysi | oxane having no 20 silanol groups and an inorganic filler, wherein
the inorganic filler is a netal oxide, a nitride, a clay, or carbon bl ack.
14. The organic EL el enent of claim1, wherein the conposition conprises
particles having a particle @ize froml tg 1,00Q nm 25 15. A

noi sture-reactive conposition tonpri%ing: noi st ure-reactive pol ysil oxane
conprising a main chain and ohe or re side chéins, wherein the main chain
and/ or the one or nore si¥e—daiPs Bompt i aOgMUpX+ epresented by the
formula: 30 -MXnmY" and wherein: -22l Mis B or P=O X is a hydrogen atom or
a subbtituted or nonsubstituted al kyd, al kegnyl or alkoxy group; Y is a
substituted or nonsubstituted al koxy, siloxy, carboxyl, or diketolate 5
group; mis froml to 3; and nisfromOto2. 16. A hygroscopic |lamnate film
conpri si NgyReriihansparent noi sture reactive conposition, 10 the transparent
noi sture reactive conposition conprising a polysiloxane conprising a nmain
chai n and one Rots indmpendende adiydfogen atwhe aaiibstitdted omnonsohstitutedtidéaoor t he one or
nor e

alicyclic alkyl or alkenyl group having from 1 to 20 carbon atoms, or a
10 substituted or nonsubstituted aryl group having from 1 to 10 carbon atoms; and

Z is a divalent polysiloxane linking group.

11. The organic EL element of claim 1, wherein Z comprises polydimethylsiloxane,

polydiphenylsiloxane, polyphenylmethylsiloxane, or polytrifluoropropylmethylsiloxane.

15
12.  The organic EL element of claim 1, wherein Z has a molecular weight of from 200 to
3,000,000.
13. The organic EL element of claim 1, further comprising a polysiloxane having no
20 silanol groups and an inorganic filler, wherein the inorganic filler is a metal oxide, a
nitride, a clay, or carbon black.
14. The organic EL element of claim 1, wherein the composition comprises particles
having a particle size from 1 to 1,000 nm.
25
15. A moisture-reactive composition comprising:
a moisture-reactive polysiloxane comprising a main chain and one or more side
chains, wherein the main chain and/or the one or more side chains comprise a
group represented by the formula:
30 -MXnY,

and wherein:
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side chains conprise a group represented by the formula: -MXmy" 15 and
wherein: MsBorP=O X is a hydrogen atom or a substituted or
nonsubstituted al kyl, al kenyl or alkoxy group; Y is a substituted or
nonsubstituted al koxy, siloxy, carboxyl, or diketolate group; 20 mis from
1 to 3; and nisfromOto2. -23

Mis B or P=0;
X is a hydrogen atom, or a substituted or nonsubstituted alkyl, alkenyl or
alkoxy group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate
5 group;
mis from 1 to 3; and

nis from @ to 2.

16. A hygroscopic laminate film comprising a transparent moisture reactive composition,
10 the transparent moisture reactive composition comprising a polysiloxane comprising a
main chain and one or more side chains, whercin the main chain and/or the one or more

side chains comprise a group represented by the formula:

-MX,Y,
15 and wherein:
M is B or P=0;
X is a hydrogen atom, or a substituted or nonsubstituted alkyl, alkenyl or alkoxy
group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group;
20 mis from 1 to 3; and

n is from 0 to 2.
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