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MO STURE- REACTI VE COMPOSI TI ON AND ORGANI C
ELECTROLUM NESCENT ELEMENT HAVI NG SAME Field of the
WO pwef9izon The present invention relates to a PCT/US2006/005860
transparent, flexible noisture-reactive conposition
and an organic el ectrolum nescent (EL) element in

whi ch ietAl i KW
noi st &‘rrl g%?g%?EgAﬁlr}‘t]E (ggc gr our%ngA%NcPr 8:51?%NIILE
el emenELECTROIUMINESCENTRIEMENE HXVENG GAMIE C
material and is forned by | am nating an organic charge
transport | ayer and an organi c | um nescent | ayer
bet ween an anode anq;iéfcoqttﬂgﬂﬁ,enwlqh attention has
been paid to organic el enents as high-intensity
| ufhaygseaniwelnjon elatesab bagesmhirere,Cllexihle reidtudireadtivg may
be. obt ai_ned th_er?vvi th. Moreover, organjc EL elenents kB
compogiiopEns 3 RIS RlCHO WBINPIFETTRELD) SlFmcnE Waieh the qopposition is
' - el . i nescence properties such as
anan%hﬁﬁngggésﬂggﬂ%@lgﬁtagﬁs, | um nescence efficiency, and
| um nescence uniformty of an organic EL el enent are
often deteriorated after being driven for |ong periods
of time. Causes of suchB¥di&eRf ation incl ude:
OX] ' f , ' : :
o SR 90 el s Ao ek RenRE ] g8l bheral and i
formeld by pusatingam wfartihehapggamsporridyer amd arcagssid Iinyinkeeht layer
enerated dyurin riving of the elenment; and oxjdation
betwih g anogt i § GRIBn AUTOREnTiEh breghrep pakie opgaginie elements as
b RIS B SE) QL Bk e e optaned
theremath. Mereotre, agirée Ebreddrechtbyandecbimel att odinolidstreakiag theaf

he_or.ganj.c EL el enment. Peeling may be caused by
usef%k@g%’ﬂg]grd&?pllﬂé’issture, or by heat which generates stress

dugyrhRettichéEh® §s% htﬁ@ ﬁlﬂﬁghgecglzf&atﬁféh%s&%fde%eﬁ% s

of the conponents of the e
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
-1-
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In order to reduce deterioration of |um nescent _

properties, many technol ogies for sealing an organic
wbkooehgatent have been investigated in order toPQI/ES®NE/005860

the el ement from being contacted with oxygen and

noi sture. For exanpl e, Japanese Unexam ned Pat ent

1, withiBéalig@alch® D hh iRk ﬁiv&)atéflqabs&b‘]rl‘ésa% féﬂ\’ Lo tsqbt%e g}r}%F ﬁgléereof

conpri si ng covering a pixe orned
The quermrg)ﬁmecel&nere lissfiidett wiils nittogen gasr,l afd gealihg caih@ isefi- QR 1
rent electrode_3, organic functiona

S“bsﬁgtngrw‘ a %@P%pgf’h%‘a%heé ISSamPIsalapeness Ungkamingd Eatentyi t h
PusBab GGAIN st P SRS DA B ifE Blhg Bn Bl bobe

to the inner wall thereo e I nt

absorbing pgeneth niacerofitha watgeabsgelsing ageht.seal ing cap 2 is
W th adheS| ve 7. For anot her

xS s B 55c8 B ed atmiBac i sbasebing agensn I particular,
alkal{é@seth Ind¥l -oxided GRR0E veligG! RSES (B Hggcﬁl&n? @a‘b) have

usi ng an oxygenabsor bi ng agent I'n ace
been wgdely 4@\@§@ga@¢dqlg:calgie ribe oXvded diffsr ﬁbhh%h&ﬂ%ﬁ:r—b@éb@blﬁg 8fents that

ohysSRTMIRE SRl B o g3 erote il e M AmoRIcbee dryie
moleaulés Bﬁblﬁnﬂﬂé]@&cﬁ@n&ﬁ Qﬁ‘@ec@ﬁ @th@%ﬁﬁe%hg ﬁ{)tyre nveg IBV% | ed

because the oxides differ fromsuc er-a
molegiyenatdightempetapee.c Zhésg oaitkstowaate breais thd fdrlﬁ&)f@@ﬂ’tlcﬁﬁ Gyhich

O AT T EE R T A
thick@esk d€thedPerétt, AGI-GAS @aﬁ%ef@ﬁ%ﬁﬁe@n%% Eﬁe 04 so?c@illﬁg bettom

t enperature. These oxid owever
emis ng’ipé displagtipparatus Sonbehimh fdispéay light & wl&ﬁﬁ@ ﬁd gf i Sdtsﬁf&e 1

t a ich undeswablya s to e
side. PE% q;ﬁgs?g‘a e Fﬂﬁ’ I@F‘éﬂ@ﬂﬁh S 8¢ R Tufable 4p% dee i serpalisditele s

emlss&ﬂﬂtyFe dapRly iaparhi®s ﬁoﬁpwﬁﬁh |dﬁs?> de{lgfg%ﬁthgily tﬁl@nhcﬁft QP gE@ng cap 2

ay apparatus fromwhic
side qppps@rtotth@s@gtb@c 1 afléislis bechase ﬂl'ley\/aneefp,aq@d &l thﬂ@bﬁﬁfnﬂ@r

t oxi d suitable for use in so-called top
emissft GpS ispl3g et SIEP’&G%% 49 B Beds syt bareanged sy as not to
coverlth@pitcel dred, AK€ B nOWtargh etnli@lt $8ubGhe gﬁ?}qa $1 de opposite

to the substrate 1. | S 1S becaus ey ‘are opaque

arSgvernkprebysalsi hatle be@rm&lﬂ inrorddr tb bepld hsm@%bgmﬁhig agbiht t{) a

st be arranged so as no

top er?féélgﬁ ?ypae:rcfE sptla%f akl)aleaaru us For Qxea)r/npqu transparent, watgr 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
emission structure and an arrangement of a particulate water-absorbing agent to such a
degree that light transmission is not hindered. J apanese 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

both references, the water-absorbing agents archardly arranged, and the primary particles
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cover the pixel area, and a new arrangenent site nust
be provided. Several proposals have been made in order
w0 2008094792 a wat er - absor bi ng agent to a top en BSI/U82006/005860
type display apparatus. For exanple, transparent,
wat er absorbi ng pol ymers such as pol y(vinyl al cohol)

theredfhré\iA @y dBPerRd. USGesi, &E?ﬁéﬁ Qc&t@?e%lewl?lgﬂe ¥§$e§§?lgy )],oxgebrs light

physi cal I'y adsorb water, I's not s
trangRishigined above. Japanese Unexani ned Patent

P ' ' Kokaj,) .No 001-357973d i b
0 :J glé‘%"‘u%ggeﬁﬁfq‘@iggﬁ%% ﬁ%ﬁ%{\& #’H_éh%%‘u% @Kg@%ﬁlﬁﬁi{i@f f@gg@ disclasas use
of a &atertFapPIRTEA theif abRoB& l[iftlgecﬁéiﬂfeqirggﬁafc[ ca%bosé(}épnh L yago%%lg a

to such a degree that ht tramsm ssion’i
speciiqyaeiebenmpeypdrididiea tieorantloadviaivani tHuhictabphSiRe film is

[ . 2002-56970 descrj bes use of a plastic
applfelfA 8 e iR PP e Griscobasenes g Fn Enormad pricpta Low
Iqatal el ' . ' nce. wayel engt h
b S i T SRR the

clemgat from|bosh meisture ahd eagensenmttive RRSMDIRAIAFRNDS ubdl. Asa
t he wat er - absor bi ng agents arehardly

erences, . ) .
resull th0 LBl Sh BRE R incrnBorhit Stoscl Lheos esioste 61l anase raiatod ariscs
di spersed. As a result, light is scattered which
undesirably lowers |ight transm ssion. Japanese

Unexam ned Pat ent Publ i cBameamrgKokai) No. 2003-142256
a.water-trapping filmthat absorbs

di ?f%c%%géhéjrse .of . 2 .
Little vi oY Brd® P IYItSAgeiy R coRPPHHiom eompriveme moegsture-reactive
polysifpgaid dcin SRR A0 L hai O NBLER  quhen
“this wat eﬁ?ﬁl?éaappi ng fil m\a}%ggggﬁ)?ée%[jﬁggh%ggl AeTeNR the main
chairsgpierrihe ene grmblesivs chnins eomprisissezronerdpidseAtb b HeFBEnula:
out of a IOM/nDIecuIaLS&gtht conmpound, and thus is
not flexible. Furthernorém'nn order to protect the
and vehegeIR M if Selurdaaidin BRI &b i chiy
~ trappi]r%g_ agent's nust %e%g%lﬁmgg)égg?@gﬁ a?%?‘he%alﬁfoé%l%ﬁf’d
P=03% &t 2 hyrsogen aipmensuitstisiidas nofisutstatedadlylf skeie of hlkbky group;

: . fricte I ses. Su ry Di sclosed herein is a
Y is SRS g lioa: P Lo ghetoisto groups mis

from rrao S| aviden [sefasih iowg 2pol ysi | oxane conprising a main chain
and one or nore side chains, wherein the main

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 is a schematic cross-sectional view of an exemplary organic EL element.

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:
MXn Y, .
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chain and/or the one or nore side chains conprises a

group represented by the formula: -MX 1Yn ; and
wob@ee»ITOM i s sel ected fromthe group consi stiPQI/U8§2086/005860

mul tivalent nmetal atom B, and P=O X is a hydrogen

atom a substituted or nonsubstituted al kyl', al kenyl

I r Y tit _
o oA A o PR .
Pre&ra@lﬁ i/[ 1sgn®epeadmjltly sekecfe cﬁmnOtHngr@Jp ®nkifindes AT, I Qﬁhd Zr, and

s Fig. 1 is a schematic cross- secti onal
morg eﬁ‘f%]?ly ﬁgnpl ary organic EL elenent. Fig. 2 is a

S chermty }iy‘élr&g'eﬁsaﬁirﬁ eacstu'b%ﬁ{ed\é'r GhRbstAled )éﬁgg, Catzi‘k%lxg?lg@?

EL el ement. Fig. I'S a schemati c Cross
Sroupx [éﬁqﬁé)a&qybgmys g(prgan:secfrdﬁdl lab efrenitbon R&In®; kRehples include a

bed ab th ture-reactive
et R B SR ol PR S5O Guish T ovPa oo @ras. st 1 octy
groupi Cl%eﬁﬂ' aikagy BRY 5’@015?H§ee§(?rﬁt8ecg 160t ano];l%rtcfrr#l' gxam;':%b( S nilide a

Mis sel ected rom he group consistin
methayy e, emethasy arouavt &DhutOBy gang, @H@ymyegrsmatal cyclowbxﬂoxy

th onsi sti ng of
gm“krng‘e‘%‘%y PRSI ‘léi%‘ eﬁ“é’ﬁlf‘ Hi??‘g]gﬁ?@ﬁ gh%ﬁ)vfmrom aftpuryyoxy group, a
b S
myrlgflléb;(? @Etﬁl?na éd I@Sky %g&%o% is%%’c&ﬁ'glogi{}gﬂﬁ@r HPR f’ &bﬁgmﬁﬁ’é}j gLoup, a
cho @%@fgxy g@up;@mlyoxwllaﬂ)encandnmall@l EN1E; greXys [P b §SyloRGAlkEEnS

I oup, a butyl
mongﬁ}(ﬂyétheg(g%g&’ﬁpag?(ce}?%y algf ol@g?}p%fyg‘?;rggggmgg@? lﬁste;%xy group,
O SRR S g

group, ar@apletsaly drafutse sy roxeti @theroxa LY. OXienadil dse/beddrOMRoxy

BoREli%h % AlreiRyss Znsteny ﬁf}fsfnocﬁ’c{edﬁwgf S5 mng
o Pl e Py PRy pinp, dmplse ndadediy g oapo2d an
FM204$ yha??&YacﬁIr@&JBy Clilssb $RFRAH OXYy group, an

I sobornyl oxy group, a
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group,

and preferably an alkylcarboxyl group, and more preferably 2-ethylhexyl carboxylate,
isostearyl carboxylate, stearyl carboxylate, cyclohexyl carboxylate or a naphttenyl
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,
| | l |
M—0—Si—Z—8i—0~M—X,
| l
R R

X, —

M, X, Y, m, and n are described above.
R is independently a hydrogen atom, a substituted or nonsubstituted linear or

alicyclic alkyl or alkenyl group having from 1 to 20 carbon atoms, or a substituted or

4-
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chol esteroxy group, a pol yoxyal kyl ene nonoal kyl ester

group, or a polyoxyal kyl ene nonoal kyl et heroxy group.
woweprhs0 be a pol yoxyet hyl ene nonol auryl esPEF/UX2006/005860

group, a pol yoxyet hyl ene nononet hyl etheroxy group, a

pol yoxypr opyl ene nonobutyl etheroxy group, or a

non@tﬁJsMFu%J 35"21\/&{)% %{/% ABRORY IWJarbeotan%nqg( R 2 pré’%@fabﬁf inagpendently

al so be a p conpri

ah atren, taythethy loarame ;anexXiaiigt@p, b bolyUgeupNeRAY1 2:fnloc 1
e 42Mhnazﬁ?é?@ured (gﬁ|336®C%? gratlongﬁyE gl

ero B ehPT EEipport g %ré’flpat@@éﬁn@rw%ﬂab%‘] hasey] or pheny1 group.
eyl ol KO0k L B, B RO O A S R,

polyskiphisoxiyilentase, p@nﬁtﬂﬁnﬂhﬂﬁfo&w bapelytrEleedtbpylmethylsiloxane,
car boxyl ate or_a napht henyl

end G Riptertay polSYEmglbaatieaay ool kel ndpeneePemicaly, Z i
com&ﬁk@cﬂmﬁlhﬁb ln§ Eﬁn%gfl&@a%g Egﬁﬁg el%H%? gf‘o‘ﬁg? nt.lrﬁg eQllat termmals for

curing and the c sition
examplestha pelysiéaahes/enmatnetillyaxaiteble oI ¢G5 ToghiBa BRIcBn&@é. N 1d.

os VEORREER7 PhSei VEsBOF pctghine @Beegﬁﬁfsvgﬁgﬁjo%ymt e
polyQIMangﬁbrﬂ)&LMab% sel%cte ac@inB 1GHR ]:%9&8%1 éattr’ rﬁ fgpe

i's independently a hydrogen dtom "a
Comn@»ﬂ‘somgitlsgmwa:ll}i frome200a0 34000©90) i ¢ al kyl or al kenyl

b
su ﬁﬁ? F‘{@ﬂérg '(];C:ﬁ‘% ?Qélﬁﬁ? o o &%Fa?%ggfbﬁ (H\réth@ldfar slanal group
portfoﬁ él‘ﬁ -G8 PRONREP %ﬂloﬁyc#u?’ckw RE&S gﬁ A t%’%&da%e%r)}ggennt ng%ﬁ}eﬂlanol

rogen atom a net group,

grou@rmappn zaljltm(liab regetvigy, fhuidig figkibiitpamd camphdity of fiRUdmpound.
b. and . is nore eferabl§ a nmethyl or
The 3 Hl'?é Ie &‘%’ ugPOIZ ilgxage if {pmedby E@lr%ﬁﬂpbf@ aaetdlgrinpgund or a

Lew%gﬁs@?%d?tg(ﬁf Hﬁ%é@ggég ﬁg:' Mg%(%ﬂ?ﬁ@? lv&l;ﬁhaa;rf filoxane havbr}g a silanol
groupo[Iye rdaktiorisephiopsd bemiyihg bbibxsabgances. Both substances are mixed in
such a proportion that entire consumption of the portion of the metal compound that reacts
with moisture, namely, XYy, by the silanol group is avoided.

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 Me

—Si0H -+ Al (GgH,;); —> —Si0Al (CyH,;), =+ CyHy,

l l

Me Me

An alkylmetal compound MX, such as trioctylaluminum, can be synthesized by
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

-5-
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and nore preferably polydi net hyl sil oxane or
pol yphenyl net hyl si | oxane. Practically, Zis
weomeyrdal |y avail abl e as a pol ysi | oxane havi PQI/US2006/005860
silanol groups at nolecular ternminals, for exanple,
the pol ysil oxanes comercially available from GE

RS ARG o 8, B Peoigal EBY
alkypalbéiino xanpors (hemTysbl Binéclieh E6HREARRGR q\figﬁtg] ARirki6m

ysical properties of the conposition, it
AlkaniﬁdaM ipgluds: drmothylafumiguog tricdodalumirsmmsiistopylelungaem; ve

. j a - . portion (- MX- a.silanol,
bt e R iR e, s iy B e ana
diethgabhsnwh tethowfdeer and oxygen, and the silanol group

portion adjusts the reactivity, fluidity, flexibility
and T HPRIMER] Gompoynd eaebecpimisaiaed bTAgrocedure by reacting a metal
- D] res i ye Lhoxane is forned by the
hal R R R0 P DR B9 Bl BRAES ol moena
mengivoetliaiovo fwithhexyged el arcalegioind with a pol ysi | oxane
silanol. group. The reaction is achieved by

havi ng I ! .
mi Xt H’Qtai SORPAY R INEES carBbr synshasized hy: edding en picrkal, & silanol and
: Lt d | re, consumption of th
o RAEDSRERAT A0, L0 SRR ERUSATES el Foompoued
obtamzidtyuhe abavampedoedurényn, by the silanol group is
avqj ded., For exanple, the case wherein Mis A, X is
an ggtng,qlstﬁlieorgﬁquvg walyyilpxang deusiredusad by theeaboive prasedure Braps a

watds InGERNCHDERErRENIR eacthE IR BUEEo L SAELIN B, POl MR RN e

I's prepared by ol'ysi
silanol group with trioctylalum num as shown by the
followng formula: M M, , -SIOH + Al (C8HL 7 ) 3 >
-STOAP (CBHL7) 2+ C8HL8I I M M An alkyl netal
compound MX, such as trioctylalum num can be
synt hesi zed by o o

Me Me CeH,, Me 3 3 Me

l H,0 | ] inki

] crosslinking | 1]
—SiOAL(GyH7), —> —SiOAIOH + CyH;s  —>  —Si0AIOAIOSi— + GgH,,

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
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:

Me Me Gg H] 7 Me Oca H‘ 7

I 0. | | ||

—Si0Al (C4H,,), —> —SiOAIO0C,H,, + —> —Si0AIOCH, ,

I I l

Me Me Me
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reacting a netal halide with a Gignard reagent, or

the |ike procedure. Mreover, for exanple, when an
wabdoghgd7oari num conmpound is to be synthesized, PCT/TS1008@05860

synt hesi zed byreacting triisobutylalum numw th an

ol efin. Exanples of comercially available

al kyl al um num conpounds (from Tosoh Fi nechem

Corporation or N ppon Al um num Al kyls, Ltd.) include:

trimethylal um num triethylal um num _ _

opyl al um num tributyl al um num trihexyl al um num

: : :Tg‘étmléquiﬁﬁeﬁ‘%ﬁﬁe campeyheR Qisélplﬁﬁﬁ hﬂﬁ@iﬁgfilzﬂd’rqg@irgm;guzacéed
' - X :
A A e

mashaf thd enataltdongponnrd & thekiioshekmppuna iPIREEHYTRNPY,000:1 or less.

reacting an al kyl metal conpound as nentioned above '
Wheg the prapogian is larger thanehAM: 1, the moisinreaenspive n@mh@wﬁmrgsomeélmes
. [ j | cohol si l.anol an
has B U EiSl B! G Y PO Bl G e Bt B BpscFiton of
moigurepehivi may @tikaxymepatnoywipigifilh.obt ai ned by the above
procedure. The noisture-reactiyve polysiloxane thus
pr OIRIERYFTHe (st 3ASTiNe BRmBRAiEON MaY alse coptpiara prdy Blowtne

. i. ' ' LM . b he .
conBTRTIEA ol 95 0B, 3 S e 8 v

["ow ng nKi ne .
order & ddiwist (1EBphysicdl Progerties & tALEREH MaGHH] 3nd Bic MNOWYTi the
+ GBHI8 I I | | e M Me Me Goup X bonded to net al

nonq_ugeq RatsTipk| QMSllgmﬁgtagﬁ@po s gyl group maydeyd padysilepane
B T SR bGPPSR S o
copoljyreer dfftke puliysilaxage. r §gecifically, polyd ey Bilexrte, pSI9Siphéhydiloxane,
poly s heay SIS, Biidhelidhiegn be eepiseed.ee llwgh rartrebly
inor@oétﬂm_ergg a{lﬁ?fﬂjégln gﬁeéu# E@Jagfegcﬁng%%%ny\%{h #R ia (%vuern%et\ell\f)clf)lngpound.
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.

The moisture reactive composition may comprise particles having any particle size
as long as transparency is not impaired, and is generally from 1 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
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.

The moisture reactive composition may be positioned anywhere within the element

because it is transparent and thus does not shield light. FIG. 1 shows an exemplary

-
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Furt hernore, when X is an al kyl group, the conmpound
reacts with not only noisture but al so oxygen. As a

WO e®al093702 he conpound can al so be used as an PCT/US2006/005860
oxygentrappi ng agent. The reaction proceeds as shown
by the following fornula: Me Me G3HL7 Me OC8H17 | O2 |

. i > | + > .
R e
funetionel layerdh, hed sietal wathodoeie@iode 4n Tho ll:_ﬁlﬁi_hfa%ds aRpaded Wi‘ahin a

' I ti to the above silicone conpound.
scalf AP AE B O v atect SFATiRASSP g anckrdhagal. dbaping

i i . ' [ Ly.from 1, 0001 or
ok SOOI S
reackiiyt Serupesitiant hiaydeaiisppssi. tAlenaieBy, ifsuRasadi9e composition 6

.. cient st th as a film or phase separation may
o S0 B SRR DSl S Sy
lumir@sueaerabé gaspar ency of the film Moreover, the

noi sture reactive conposition may al so contain a

polfySi 2 sharreancosenglary neaniz Bl blameht whavi rgélﬁlt_u?e Ifebééiv%r

in. Pt to t abqve_silicone conpound, in order
comps Bt e TpH IR DRI Pedurpmestrat eitigh rescvin face
i [ i ' h . material. .
e o ey ouoner SeRFRRY bkl 21 BB B R Fisuive
compeydifjet 6 oxanlstdhpvivegs thehyminaigen at o a substituted or

' I |1yl | group;, or a _
2822‘? ;(Jl)fqt | }cg%f gﬁglekﬁﬁliﬁgﬁ%%ﬁgé m%{ség@g{lgeg hg fransparent moisture
reacfd MeliefTgl J&)thﬁrisﬁ@@ﬁ%isﬁﬁ@-&é’a@ﬁ%ﬁﬂi@iﬁxélgé(&glg%ri%%g a main chain

ol ynet hyl phenylsi | oxane, and _
and gtpfpc%/rdy@rg?gi mlaa%l/ﬁSJ Whereinshgmeinathail andiorahgem ¢ racd shRThains

roxyl group capabl e.of reacting with the above
Comgr%%aﬂ g%%‘%é’ﬁ?fgl?tegﬁgﬁl&q @gnBI% the filler include netal
oxi des such as silica, {4 ani um oxide, zinc oxide,
al um num oxi de and zircog$uﬁloxide; nitrides such as

and wherein: Avltis pedectethtoral tbergroupcoisistind @f a@hélyl BalentGhet@Satom, B, and

' ite: on bl ack.
P=OETR% g%fclirlolggr? thtoren', aasﬂgsti%%gc? 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.

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:

-MX, Y, ;
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.



The noi sture reactive conposition may conprise
particles having any particle size as |ong as

WO e@espENENCY i s not inpaired, and is general | BCT/D82004/005860
to 1,000 nm As described above, the noisture reactive
conposition can be used as a noi sturetrappi ng agent
for an organic EL eIenenEthﬁkg&rticular, the organic
EL el emrent may conprise a ?a nate conprising: a pair

Matggialgt ual | y opposi ng el ectrodes, and an organic
| um nescent material |ayer conprising an organic
material, the organic |um nescent material |ayer
dismeaﬁu“ﬁﬁgﬁ@@ﬂm&gﬁeﬂﬁkg¢of mut ual I'y opposi ng
el ectrodes; a sSealing structure that shields the

S | Beymsr & GEdreshibe Sdlidosesi€o.aLtd., VRRB0A, Meddsity o 20 806 hintes, OH

conpo%hti&p co ri@ing a transparent noisture reactive’
natergaP? tRBaloeaEdr e reacti ve conposi tion di sposed
WPolRiner 2 hGE JehibA 8i r i sture r hye 2
congosition ma %g”%%?%??%hgﬁhgﬁﬁﬁﬁ%f§§§Fﬁ%Pﬁgﬁhgdnﬂn/%C”{
elenéﬁﬂmb@nau@éfkabds transparent and thus does not

PSRy Ry 0P ek 8- CHTVT Sy, OFbsropmemials

10 el ectsegld@ 3, organic functional |ayer 4, and netal
cat hode el ectrode 5. The lam nate is disposed within a
skaly et shanut o e Lisk JabSeS 1y visodsity 1cd86 nim’/s, &0 igh6hS@Rninals
2, a@gﬂaghesive 7. The sealing structure has a |ight
receiving face side which faces the | am nate, upon

virg L pfier®i ASAnHxEC S EBRLE I TYRISCRHITPOS Lo £_disposed.
Al ternatively, noisturer eaét%%%ﬁtggﬁgbdglﬁ#%r{s’g)%o%e
di spéyednadnsaated outer face of metal cathode el ectrode

| _ £ Lt a | ym nescent face side. FIG 2
15 SR L TR et 13- SR ben Mhineosinofth dmers
RedphéVe GROTHGSh $i00 / 188, §! tﬁ;tﬁ\g af £
to the Juninescenﬁ 5%%8F3é€?QFZ§g?%%ng §§%3§ﬁﬁ%gﬁ65hooo
FI G M'dhows anot her exenpl ary organic EL el enent

.. pi St ure r.eacti 0 sition 6 conpletel
3SR BB O R B L2 T Sl BispinoTcsom e
abov gromYer@On3lt k&fed he transparent noisture
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 AOO, aluminum oxide octylate, Hope Chemical Co.
Ltd.

>

Compound 4: Aerosil® RY 200, silica filler, Japan Aerosil Co., Ltd.
30 Compound 5: tri(2-octyldodecyloxy)aluminum (synthesis described below)

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

-
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25

reactive material conprising a noisture-reactive
pol ysi | oxane conprising a main chain and one or nore

W@ e@e/0gd1ad ns, wherein the main chain and/ or thECDIE2006/005860
nore side chains conprise a group represented by the
formula: -MXmyn ; and wherein: Mis selected fromthe

u VAT . . and
SF]) ?8}1@)(2@?(2 $ ja @fg};}b/dé%lgfé}aléae{%k%dléﬁérﬁ:@&pﬁ%&?é@%@%m&h (éynghesm
nonsu@eseiibestedoval kyl , al kenyl or al koxy group; Y is a

eSSy aEbeL e plbony siTooe
| €ofitpothd9L Orgdtix AASS0, %t?’é&-‘%me?gp Zi'ta{ha{es Pﬁt%& if%ocglilé: Co.,

am nate filmconprising a _ reactv ert
the tkfdnsparent npisture reactive material conprising

' coppri,sing a . main chain and one or nore
SCHRY] L B ERE 2Pr 2D @i itharoro aieemiss Mieingite Toadng
nmor e Go.getdchai ns conprise a group represented by the

formula: -MXmyn ; and wherein: Mis selected fromthe
group consisting of a nultivalent netal atom B, and

= ' ogen 0 substituted or _

Symﬁ?%%@é@?ﬁn@éd@ I@V?C,tyqé?%ﬁ@lxy@?u@lnk@)\y_ group; Yis a

suBsiblveté eshuin é&&ﬁl‘ﬁﬁ?tzij%%fecﬂis@*_)n}%?gpé*un’ﬁhhr%x( anyfactyred by

carboxyl, or diketol ate group; rom 0 3
SigmaSA]dri@gnC@., 14d.2 was plaptewith anyﬁ'mg'dihan'ﬁhﬁ)}lféﬁd)ﬂ SZﬂl/g Mk 200-ml

. ., .Pal y. 1: GE Toshiba Silicones
sehl B M8 by babetaynliioess. JHome o080 s o dgresapy!
hloGlEs? ACHIFEH b7 K B3 drh FANE ST to tn

805 v aces 1y of 08 GuD ey o S BBE 3 e
toluepg ol fen. sHeat gleretation and bubbling of butane were obtained, and a colorless
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 gofa
25% toluene solution of triisopropylaluminum (manufactured by Sigma Aldrich Co., Ltd.)
and 5.0 g of an alcohol having a polydimethylsiloxane skeleton (Silaplaine FM041 1,

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

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

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

Ltd.) were used to give a colorless transparent solution.

-10-
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Pol ymer 3: CGE Toshiba Silicones Co., Ltd., YF3897,
Gum OH group termnals seal ed Polyner 4: Azmax Co.,

WO e@s/09NMS- S 12, viscosity of 30 nmmR/s, OH gr oRQI/US2006/005860
term nals sealed Polynmer 5: Azmax Co., Ltd., DMs- S31,
viscosity of 1,000 nmm2/s, OH group term nals seal ed

xaffplyrer 6 : GE Toshiba Silicones Co., Ltd., TSF451 IM
viscosity of 10,000 m2/s Pol yner 7: GE Toshi ba
Si 1A pmllydsnémylsﬂdxiade (YTE304 SrhahiPedthiied 95 0SE Mbsiiba Silicones Co.,

0Q0, 00 /s Polymer 8 : GE Toshiba Silicones Co.,

Ltd. &P'ﬂvmg ?ﬁgﬁ@%ﬂiﬂpﬁ B%ﬁhttmﬁalswaﬁﬁ@d@ in @pjagrovuipef 4.0 g to a hexane

luti6h Bt 3 %‘Qﬁ,w L
S scosi tg;o 0 L%gl@glhﬁﬁgﬁagu g7 oU} g}am&lﬁgf;]% Egegﬂ%gﬁm a20-
ml sThesy fubk Iamdnth@cmmm@watdsirmr:ﬁlwﬁﬁﬁbd tE@RAUNMUton composition.
trioctylalum num Sigma Aldrich Co., Ltd. Conpound 2 :
Chel ope EP- 12, al um num dii sopropoxyacetyl acet onat e,
ExatipRe 2Ghgmi cal Co., Ltd. Conpound 3: Liquid diepe AQQ,
al'um num oxi de octyl ate, Hope Chem cal Co., Ltd.
Coﬁspbmlmd wmpAsitiossi wem)obta‘iheﬂ(i@mgsh&tbﬁas &6 bodfn inJBBAR 1 and 2
sil Co.,
and P’rtﬁ“‘f 5918¢% FVPH%%P@ 619/ FES%WISHU rkl Addiipay il weiiedy pResodenb GM™
NovBeMAYY E-Go 00 QHA:f
tri (pol ydi netér}sll %ullrggl(g gg%/ O NG S sEh wsfxample 17.

descri bed bel ow) Conpound 7: tri (pol ypropyl ene glycol

Com%%%%%’(lar%% 16 1%()4/1) al um num (synt hesi s descri bed bel ow)

Solution compositions were obtained from materials as shown in Tables 1 and 2

and in the same manner as in Example 1.

-11-



Compound 8: triethyl borate, Sigma Aldrich Co., Ltd.
Conmpound 9: Orgatix TA-30, tetra(2-ethyl hexyl)

W aoatogd7e Mat sunoto Trading Co., Ltd. ConpounplCT/0S2006/005860
Orgatix ZB-320, zirconiumtributoxystearate, Matsunoto
Trading Co., Ltd. Synthesis of Conmpound 5
(tri(2-octyl dodecyl oxy) al um nu A tol uene solution
contai ning 25% of triisop | um num ( manuf act ur ed

y Sigma Aldrich Co., Ltd.) \/vaspyﬁg@ld wih a syringe

n lﬁ?ﬁnm%un 20 i Y005 ek tobe havig
bt o u\:gu . 3? ‘I\II—\4-‘A "’ﬁ%E % ) g g 9
eenurgedyv oll At rogen—vbregver—20-5—¢—of
2 _octy | r*lnrlo AP/ ol ealhol al el rY 200D
2 A I]' AT \OIUIIUI \I u: AV A™ A | \I l I—\J\Jw,
nuf actured hy ka80 Chr poration) was lgradually added
to thé toluene solution80Heat generatjion apd bubbling

of bu#tane were obtai ned, and28 qol orljess tfansparent

sol utison wags observed,| The [prodyctgonas not |t aken out,

and tige sol ptyon{was ysed for prieparijng a 45

isrqre-re ng)v. COMpoST tifom Wit houtT further

rocegstng: og(b‘l rtestsTof—Conpound——6
ok di 5 ..y! sH-oexaneoxy)aH Wi pun)—Thel procedure
in thd synthed¥s|of Conpoudd 5 vas repedt el excént

t hat 1% g of é02!%tol uene |sol utli on of

triishlpropyl| al um num (maaufiact urled by Signp Al drich

Co., 12d.) mngp5]0 g of anal coljol having g

pol ydj3Tet hy| sgh oxane $kelegon (i Iaplai neFMI4T 1,

AY’

nuff% tured '2’()( Chrsso—Cor porat o) \jEI e upet—tp g
anl o ol + 1
A U UI Mo S L?(?”\ IJ(J.I It

11

th
a¥aaa¥a) d 7 t 1|
wllr’vull T L) T

(e )
5
&

\‘/ ~+
O T

|
t herby) al ini nuiy The prao edur in the syhthesis1®f

[ a 25% 10

h
Conpolihd 5 \as repeat ed except tlhat 20
n

t@dmigaretiveol Ut i on| of tniisopropylial um
DI ypr prl el

-—
|

0
(anuf act ur ¢
p
|

byordpaamves drich|Co., [Ltd. ) and|[2.0 g o
SR radgwput yT | ethel (manufactured by Srgmgy Al dric

" Cymparative4 T © J?eu' togryea qotortess—t A PRrent

N A~

SOttt o —T=Xafpre—=
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A pol ydi net hyl si | oxane (YT3807, manufactured by GE

Toshiba Silicones Co., Ltd.) having a silanol group at
wbodok/09302ri nal s was added in an anount of 4.0 BCT/OSH06/005860

hexane solution of 4.0 g of trioctylal um num

(manufactured by Sigma Aldrich Co., Ltd.) in a 20- ni

screw tube, and the conten]t% ner e drastically stirred

to give a solution conposi 216 Exanples 2 to 17

%Sol ut| om compositions were obt@mggndm ng materirals as
y f
|n'IjabIe§1argd %dlgteém-&aneg as w{l 10

arrpl e[ Tgpatiuorime type sorvent—(3Mtm—Noveg{tm
HFE=—7200 e raf-acturedby—Sumtoie—3M Ltd.) wag—used
FA-2Exanb Cotparative Exanples 1/to 4|Sol utli on

' =S ) Al L &4

!
orpositi siwerelaobt ained 1rom materilals as shown in

Talll es 8td|2 and in the same manner |as in Exanpl e

1. Pabl e| 17@ble 2 Measurenent of Hygroscopi¢ity One o

the sol uti@n|conpositi ons nentiohed above Wwas pljaced
I n7a commer c{ ahhy|avai | abl'e[ pol ypropyi ene-}'ra‘ '

TOQ T (T e i alreLET X 70— aanetitht—of—1—¢g
(d so} dz(?f er L P A ra—thelsoelvent #‘%S distill ed

¢ yt+Hg—afe—tne
of yrder<teduced pres:llrsz The sanple thus obt ai ned
he tray was placed|in algBéss bottle having|a

17

S
vollune of 420 ml together with the8@ray, and thg

bol2 |l e was i predi atel y|cl osed with a pegal 1 made|cap ¢n

whixh ajtenperatufe anfl hunjdity|neter (Tradgznane o

60ht HI, | manujf act ufed by Tesfo Coj, Lt ) was lluu:_ll%gu'

tng
t \

Th [iﬂ req iled Ullti tiIC |cia Ve UIId Y N\ 80
wim.i n—the—bptttetowered—by—10%and the RH after 12
holtrs—were wgagur_FQ The robnfte perature s 25C

Tabl e 3| shows t he| measlireneht 9¢ esul t s| Measur emeht of

Gupprdab) | ity MR8 pernmepbilify of | sanp| es was measur el

Warhjlh 2Spect r ophot opEer | U 4000 (tfade hane,

ifsact ured| byp Htach] Ltd[). A sanp[e fof the

(Gas U ETeNt Was pf epsr gd by

Measurement of Hygroscopicity

One of the solution compositions mentioned above was placed in a commercially
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 m]
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
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-
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15

coating a commercially avail abl e pol y(et hyl ene
terephthalate) (PET) film (Lumrror(r) T 60, 50 nm

wao boosk937omnuf act ured by Toray | ndustries, |nc. PCTHMIBI006/005860
one of the above solution conmpositions in a nitrogen
at nosphere using a knife coater. The filmthickness

t r ¥ O Mm A sanple, 30 nmx 40 nm was
_M_e%_sﬁ.lu_r&ﬁe ‘?OY A I mt hus _obt ai ned, and all ovved_ to
st dltk feprneabilikg\6s shriplel §agideagire @Rith @Bgctﬁ)p‘hSito%{étéﬁj 4000 (trade
e

hum dity of 50% to be adequately cured. I'n
namgy glapafagturadthy Ibigachi Lidw. wh samgle dortbe mepsiwethpntevas Takpased3by

e T e
60, 80 9%&h?&§m@ﬁtﬁfhct@fe@ﬂ% Bdtay [RRstRRS, I%é;.")n (CTYiitﬂl QnBBYF 4R oV lution

visual |y observed. The nunber of ngs required to
compogigiRneaEnipganmbiphere isng akuilfaceateri The filhehidkneAs after
d imaxi m\z@ of a&o befdé(ﬂgjs \/\%ﬁ1 carried out.Table 3 The
YIRS v WY o §HB Cadh IR ¥ ST Re VAR SH 0P Ol Wikn thusTedined, and
] it d L . . t.ely
oo IO S MR o LA P i R SO
adeqmitedy owred.t Inathpiangysigehd BET Mibmeeasarsed 4 4 asefifd. ME£h1®8 khows the
; of the.cg%'posi t?i ons have sufficient flexibility and
TanFRALGRCH & velgngihidegipr ob R0 1q §fiknhegi on. On the ot her

hand, the conpositions in Conparative Exanples 1 and 2

are very brittle after absorbing noisture, and are
Measurertient tfdilexibiltty eover, al t hough the conpositions are

transparent directly after applying the conpositions,
t hae it e s bRt b et o PRI ) e S Visually

obs )OfYjety | I nd 4 .show popr

e RS DRI FHATE L8 of SRk S B MRgn

Tablerde Aotaxpoweof ¢0bendiheswiheyrigbaar bed noi st ur e. Exanpl e
B Exanple 18 FIG 1 shows an organic EL el ement that
was prepared as follows. A glass substrate was used as
the substrate 1, and a gl ass substrate with an indium
tin oxide (1TO

-14-
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film (manufactured by Sanyo Vacuum I ndustries Co.,

Ltd.,

we204/004102 Sq,

I TO filmthickness of 150 run,
gl ass thickness of 0.7 mm di nenBCOHSWNG6/005860

sheet

resi st ance

40 mm x 40 mMm) was patterned by photolithography to

forman ITO el ectrode pattern as the el ectrode 3. The
substrate was surface cl eaned by sol vent cl eani ng,
I a

| a)
depos] |lo
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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

100 nmthick was then fornmed on

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

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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the lithiumfluoride | ayer as an el ectrode netal. The

vapor deposition rate of lithiumfluoride was about
wO286M9Fer, and that of alum num was about 5 APGETS2006/005860

Next, the interior of the recessed portion of the

sealing cap 2 (made of glass, having an outside

di mensi on of 40 nm x 40 anger t hi ckness of 3 nmm

the interior ofthe recesS&d™p ?i on having a di nension

Exag{ple'lpgmﬂx 40 mm and a depth of 1.5 m was coat ed

wth a solution containing 62.5% by wei ght of the
corpos il shows af oEraindileclémentrihatrwasmeenaret asdelivnes. eA glasa

suo o SE AR g AL £ R oGP RS RS G ige 17O
ﬁlmf aﬁum‘ct&wbﬁga@hwmﬁﬁ%auéﬁemwpﬁﬂ tlmrmﬁbﬂmmé‘ss%f 50 nm,
ick was thus formed within the sealing cap 2 as the

SheMQSeﬁfara?lg §o%®lng/8@,$larﬂs ﬂﬁcl(@ss oﬂf Q.7 tmgnnd;ansylon 7hH40 smaki4h gnm)

wasgiRaed B9 RO RuPEAER i Frara T aeiF sBlR GEleihfibec's

TheWibstfitdWhs §ufRe BRANDVIRN NBEICaliBITONE @hea&gaﬂis hm%ﬁonal layer 4
possi bl e, and the organic EL el enent was Seal ed by

and élpﬁpmyﬁahgle@trqdﬂdayqr §uiate formed oo tlbl O eleotxgder ey vacgiBordposition.

TSkl B 0 e ot e e

morfitbdEwited i tRickh&k ot }@ﬁﬂe himé BFI@éO’OOaﬁaaﬁiﬁQ&u@H@anﬁmcon
relative humdity of 50% First, the organic

SYS@n@}re"ﬁhe baskerynd pressuwe obtikivagiumabathakesraboutt 1 % ihO tthe. ai r

theln rt..at h The .| TO ectrode .3 was
use CastdR’ anS%%na%g %W@S Fmge ot ]ﬁtlth{e(?&%peg O\mggaBg’elBW
molacul@ WwatMatgeridlh shAnDeNow, dad tBe ﬁiiﬁﬁilm%ﬁ:kﬁ&% ¥ 890 Wi tFirst, a
an o$t| cal mcroscope (trade nane of BX60

coppriphithalacyarige HyuRa) Javpubs orthisk atas dermedambe {EQ eteotrade 3 by

oSBT B B . 28 RV AR e

(NPDNildyleb 5 AENhitK iR SE&NorBéEan iR AR lbyﬁﬁb?%ﬁ&rﬂepgﬁfﬁﬂ &% hole
was cal cul ated fromthe | um nescent photograph i mage

tranggfort Ingero iy s T hyroxy quinalinatoysdeminuro (1H) (A lad) g sm@hmm thick was
then@{ﬂ;lécf Gn ﬁ%ﬁ\lﬁ? yre}lgy Vépnor hggos%{&laagla% e’lz'ectron ?ransport Jnd emission
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
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
0f 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.

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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Next, the organic EL el enent was stored in the air at

25C and a relative humdity of 50% for 3,600 hours,
wa@r@etpzopr oporti on of a nonl um nescent area WAST/US2006/005860

cal cul ated by the sanme procedure as in the cal cul ation

of an initial nonlum nescent area The | um nescent

f th ic EL.el I 8 after
the §(cGfheRgor R 13880 e Sh LR traht LA Ro0 pREP AP Sgpm) was
coatedWiRteSs SAMorPERRainRB 21396 b/"' %I@%éf hd cbﬁﬁ)%sﬁf)n af Exam%le 1,in an
nonl um nescent area was 0% The results show that t

inewt etpesphere ofia oftraenigps Hoth velfifle otoistek ynd payeenmirs teunaa/ed as

nd ox t would otherw se.penetrate into th
G B e B A Wb S Bt BE i Srenhregipositon
aboﬁf—O 8 |nﬁH‘i‘lﬁlEk VRS tHYs FORARvithin &K@seﬁﬁ'ﬁ?edﬁ‘%e %tér-@lbsorblng agent
Exanpl e 18 except that the conposi tion of Exanpl e

6(aﬁ/aigym@mea@@d The initi aI I um nescent area of

h EL d th )
or oPieP i esemReERu e S i o Pu Rt BROA T pch other in an
inett Binkdspher8 @Rk H[ﬂd%%ﬁ ‘“gﬁ@froﬁrvﬂﬁclh ﬁloHﬁﬁe ahd afay é‘en@er@ L&RRRY as
i n Conparative was 1% That

muely @Gamss;bELarei téﬁerganmEL dbmnt wasaseehtdumglymga gwcaliqmd type
t t n t
B PR e N R R )

andi@¥ing, and the proportion of a nonlunmi nescent portion
after storing was cal cul ated by the sane procedure as
i n Bheorphrac E8. elethent pras polvjmtod]tooef stmlage teshinuthe Aie st257C and a

relefvE g5, Db Tt (5 BT dtr omay s agoR 1§ pgaling was taken
out '119%%?15&6?9 tHeAhErt AfmddpRerBOThe ITd %i%%ﬁ"&‘ie LGRS u¥s %ﬁ al&de/ and

hi gh as 295% The results show that noisture an
the oxeyaj elecipedeed was vsbdiasaeathode; sbabigagic dpeleinentugds dbkerved with an

o BRI S PSP VBB Cobrs
conk@te PO/PBCBEahRrd NRIISATE VEHARE LS Aout D \/E?ﬂzﬁm%@g afblied to the

except that BaO (particulate, purity of
eleqterdes, and thegdopwytiduplithe hmtlﬂhmummahes@emtmeealbltbmbuma;cent portion

was cg‘fclu a&o?dér& %S]Peg L E%ﬁggl?t o%é%alg ﬁ@%e cI)EiX t%e organlc EL alement taken.
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 luminescent
area of the organic EL element in Example 18 after storing for 3,600 hours was identical to
the initial luminescent 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

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

-17-



10

15

20

25

30

in anortar, and the resultant particles were fixed to

the recessed portion of the sealing cap 2 with a
walowblogs7enat ed t ape (trade nane of ST 415, manPCHUS200€005860

by Sumtono 3M Ltd.). The initial |lum nescent area of

t he organi c EL el ement was neasured by the sane

re as in Exa e  18. The pro ort n of t
orgdtg @H %W&W@%ﬁ@ thesgme preded @r@ﬂeége%ﬁt
pro;')d'iﬁ&‘i’ﬂpﬁé HiliYS RN ATRE S ef é@@asanhélcﬁ’ afi Q%Log%gﬁﬁpa om aratlve

el ement was stored 1n the air at are
Exaknpr}e Blivtay 3df%6. 5084t fis the3orgaiiic W&ner& Ivehs tdhtenprabq:«bnrﬂmerhately after
portlog after storing was cal cul ated

Seangg ' um e 1 el asdben Hored dnfieding 25%h angyp st ypmidity
of B %Eﬁb@?zﬁ%%?eﬁ%ﬁ% o R P RS oo BB R ing wes

calonsedbylte sdthe piocedwraas ingExaatyde 08. Thepropottioni of elss':mﬂummescent
area was 0% which s the sane as that in Exanp

18.
areadi){BiePrgenig & Leslempntor & ompagtys fixemple Se@féeﬁémm&efgr } 600 héurs
r 0
e e S Ao TR R APy H A Wi RrCHERRL 205%.
TheLremhs ch@V ithep enoléDive amirwj/gemt peneidatbd intothe s€diag w@plthiCogh the
was_used i nstead of th conp03|t| on of Exanple
Sealing %@Sl}!%%&@‘éﬂlqrﬁf@é%%g%ﬁi JFISH. t he seal ing cap 2
was coated with a solution containing 48% bywei ght of
AQO in an inert atnosphere of a nitrogen gas from
Comprirativerfxastple € and oxygen were renoved as much as
possi bl e, dried. The Agx)fllmvvas about, 0.
t hi O%F’PIQ%?G el‘?bwa%' RePptsH dn the SpRIRRABEEEASHIn glxé@Pk?flg except
t %
that ) QAR Bl e I TRRENU R FfcBACARTA) Corporarion
wasiused inateadh ofitha rq:nmpemaum oﬁEmnpla 1t BaCopgaciecwele afelle@lmﬂy ground

in g PPV B SR BTG58 et DFRd 11he vepossgSaifin g the sealing cap
2 wiBhablMe-chaEl Pdgte %tré?f e AW ST %ﬁ%nDﬁU{u%‘?d @F@um@mo 3M Ltd.).

proportion of um nescent portion a stori
Thevinidiatlindsedrs drday)f theeorganie Frddaneti ves aseaburedElon mipd Sam'.b8

progs sk &F ERBPIE dan{l K PO Sk s g B8l AP igrea in the
orgeﬁo?@%ilﬁ ggan{éﬁf 1&&99%&% BxSie 8-wi0. 1978 ThOGFLAR! MILIEALE 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

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 (AOO) (trade name of Liquid Oliepe AOO, manufactured by
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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nonl um nescent area was 163% which was | arger than

that in Exanple 18. WHAT IS CLAIMED IS: 1. A
WOrRi0s0937@2 r eact i ve conposition conprising: a PCT/US2006/005860

noi sture-reactive pol ysil oxane conprising a main chain

and one or nore side chains, wherein the main chain

and/ or _the one or nore S|de chai ns conprise a .grou
weigle St AQR BN B AEOTRITAALE DiRBenISHS TOTE HBISRARMISPTE A oxygen
O .
werk SorVo% Shch 0 Fiile A WA O TR MO B sl 0.9 B ik
aftes di@&ﬁg t Thesiditiat luntinssebisttairdaudfatle adglinic Fladlkaentl wasrmedsioerd by the

group;. Y is a substituted or nonsubstit ted al kox
sarnglm%@giure@émbsxwpledﬁ dihg PreNoHen ¢ B pitighnoplumipgrcaitagea in the

0
e ST O, B O 0 s
therCQORASH teGindt 28PC alid a Klatiwidinddity 3f SPREoCEPOBIrs,nd alie

claiml, wherein X is an alkyl group conprising froml
propstion of & peRiHmaes R poption REeLBRpRETET SHcwbeE brathﬁ sgme procedure

as @Iﬁgéﬁbﬁ 1>§ 'ﬁw}? &%Lrlk&ggf T.%] 8891118‘8%5%1‘& 'afég {h%rgrgantlgl,EL element of

carbon e conpositilon 0

Contbehiteve EtdnepleX7 iafteBstomyidiox 3,690 Chldﬂrs vody B3%0THe GicdeRingaate of the
but oxy group, a hexyl oxy group, ﬁclohexyloxy group,
nonjEnigeopniasa Waolse.aviach was larger than that in Example I8.
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et hyl hexyl oxy group, a decyloxy group, a |auryl oxy
group, a nyristiloxy group, a cetyloxy group, an
w0 s@sexny| oxy group, an isobornyl oxy group, aPCT/US2006/005860
chol est eroxy group, a pol yoxyal kyl ene nonoal kyl ester
group, or a pol yoxyal kyl ene nonoal kyl et her oxy
The conposition of claim4, wherein Xis a

roup. 6.
WHASI P SEAMMEPdSe nonol auryl esteroxy group, a
pol yoxyet hyl ene nononet hyl et heroxy group, a

pol yoxypr opyl ene nonobutyl etheroxy group, a
1. palnisiefuiaieactiwf congrosivioneoriphiyinget her oxy group. 7. The

conposition of claim4, wherein X is an al kox roup.
coOMIStaerigagHyE PalysHeNAPe SPMBLISIAG 2 NRin ghain &B‘ﬁ‘ﬂ?ﬁ%‘?r%%rﬁ Sigte

cl ai ; ' ' . . . .

S P e RSl P SAE R U, i comprie

st ear gtbug espbexspiedbe theefpehalaexyl car boxyl ate, or
napht henyl caboxylate. 9. The conposition of claiml,
wherein the nnisture-reacﬂﬂ@éYbolysionane S

r ed by the formula: Yn RYnl I I | X1n -M
oi%&g‘%uﬁg‘%z Si - OM X1- 1 I RRwerein: Ris

i ndeprehig gelettyd &ohyitie geap cahsistingrofauhsktivhlehedetal atom, B, and
nonsubstituted linear or alicyclic alkyl or alkenyl
gr oup hav?‘_l’%; froml1l to 20 carbon atons, or a

o 10" dar Bod el ARk BER MMER i ondiRHRAAUL R To!
I'i nki ng gilkexy. 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.

2. The composition of claim 1, wherein M is independently selected from the group

consisting of Al, B, Ti, and Zr.

3. The composition of claim 1, wherein X is an alkyl group comprising from 1 to 20

carbon atoms.

4.  The composition of claim 1, wherein X is an alkoxy group comprising from 8 to

1,000 carbon atoms.

5. The composition of claim 4, 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

polyoxyalkylene monoalkyl ester group, or a polyoxyalkylene monoalkyl etheroxy group.
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10. The conposition of claim9, wherein Z conprises
pol ydi net hyl si | oxane, pol ydi phenyl si | oxane,
w@oeiogodny | net hyl si | oxane, or PCT/US2006/005860
pol ytri fl uoropropyl net hyl sil oxane. 11. The conposition
of claim9, wherein Z has a nol ecul ar wei ght of from
200 to 3,000,000.12. The conposition of claiml,
further conprising a polysiloxane havi ng no sil ano

o BB RSN Ky S e 0B o

grouﬁ%I ApKlyoxkRthyldiR rﬁ&fﬂi@@hﬂilleﬂ{ér@fy g?bap,mpblywdypfo@yhne nenobutyl
nposi tii on conprises particles having a particle size
ethefOIXGJ IEFAIp; 8 PQIYGR}&EM%OM&H meRoReGhetRereky gr®iRent
conprising: a lamnate conprising: a pair of nutually
opposi ng el ectrodes, and an organi c | um nescent
7. MRhEEdmBposttMEST LIPS, vitieRdn XTis af gikoke graipeoimrisinghe
organi c lum nescent material |ayer di sposed between
polydineethliloxafie.mut ual | y opposi ng el ectrodes; a sealing
structure that shields the | am nate fron1the out si de
air; and a noisture reactive conposition disposed
8. erh@ bé}n{)cﬁ‘s%&ﬁ@ﬂ dldigh BiwheadinilYeis ah Bikytoaitsixyl groupabethylkhexyl
osition conprising a noisture-reactive
carbpz_wly@; lsgsteemel eeobryiate. mtsary] pebAEnS; Gy clahgxurarhory et 8
m% l %% wherein the main chain and/ or the one or
napthaye ? fai ns conprise a group represented by the
formula: -MX1nYn ; and wherein: Mis selected fromthe

group consi sti % of a nultivalent netal atqom, B, and
9. PpZte composition of claim 1, wherein the moisture- reactive polysiloxane is

represented by the formula:

Y, R R Y

l | | I

X, ~M—0—Si—Z—8i—0—M
| l
R R

n

.....Xm

wherein:
R is independently a hydrogen atom, a substituted or nonsubstituted linear or
alicyclic alkyl or alkenyl group having from 1 to 20 carbon atoms, or a
substituted or nonsubstituted aryl group having from 1 to 10 carbon atoms; and

Z is a divalent polysiloxane linking group.

10. The composition of claim 9, wherein Z comprises polydimethylsiloxane,

polydiphenylsiloxane, polyphenylmethylsiloxane, or polytrifluoropropylmethylsiloxane.

11. The composition of claim 9, wherein Z has a molecular weight of from 200 to

3,000,000.
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X is a hydrogen atom or a substituted or
nonsubstituted al kyl, alkenyl or alkoxy group; Yis a

W@ ewspi7or ed or nonsubstituted al koxy, sil oxy,PCT/US2006/005860
carboxyl, or diketolate group; mis from1l to 3; and n
is fromO to 2.15. The organic EL el enent of claim 14,
the sealing structure conprising a |ight receiving
face side, the light receiving face side facing the

| am nat e, wherein th i sture. reacti ve. co [ Il Oon.l
12, ging 5eSiHeR SLORT § nETIPGREH SEE A PATE T e e glebsl
grouﬂ-&%d%qwg&igh}l@, SRMin Bfc ifdBhATt Efler fshandtalndidd, @ nitride, a

conprising at [east one |um nescent face side, wherein
clay,lohearbon Black.e reactive conposition is disposed adjacent

the lum nescent face side. 17. A hygroscopic |aninate
filmconprising a transparent noisture reactive

13. CEHTRRLLABR of Birh | AREBRMARE c@#&‘iﬁﬂrﬁcd’nﬁﬁfﬁ%@ p&ticles having a
composrtion conprising a polysiloxane conprising a

particteisize ¢loai htah@0@n®. or nore side chains, wherein the
mai n chain and/ or the one or nore side chains conprise
a group represented by the formula: -MX 111 Yn ; and

14, V@?Bxe%aﬁil:cﬂ\ﬂéléméﬁﬂc%?ﬁﬁgirfgr: om the group consisting of a
mul t1val ent netal atom B, and P=0O X is a hydrogen

aeltlgminm canisisg:i t ut ed or npnsubst it ut ed al kyl,
T e S PR 51 o subs S e
HUrPtBanic 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 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:

-MXmYa ;
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, 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,
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mis fromlto 3; and nis fromO to 2.
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15. The organic EL element of claim 14, the sealing structure comprising a light
receiving face side, the light receiving face side facing the laminate, wherein the moisture

reactive composition is disposed adjacent the light receiving face side.

16. The organic EL element of claim 14, the laminate comprising at least one
luminescent face side, wherein the moisture reactive composition is disposed adjacent the

luminescent face side.

17. A hygroscopic laminate film comprising a transparent moisture reactive composition,
the transparent moisture reactive composition 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:

-MXuYn
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 alkoxy
group;
Y is a substituted or nonsubstituted alkoxy, siloxy, carboxyl, or diketolate group;
m is from 1 to 3; and

n is from O to 2.
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