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(57) ABSTRACT

To provide a resin composition for sealing an optical semi-
conductor, which is a raw material for a sealing resin layer
having good curability and excellent storage stability; pref-
erably a raw material for a sealing resin layer further having
excellent weather resistance. The surface sealant for an opti-
cal semiconductor of Embodiment 1 according to the present
invention contains epoxy resin (a) having two or more epoxy
groups in a molecule, and metal complex (b1) which contains
at least one metal ion selected from the group consisting of
Zn, Bi, Ca, Al, Cd, La and Zr, a tertiary amine capable of
forming a complex with the metal ion and having no N—H
bond and an anionic ligand having a molecular weight of 17
to 200, in which the surface sealant has a viscosity of 10 to
10000 mPa-s, as measured by E-type viscometer at 25° C. and
1.0 rpm.
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[Formula 18]

©)

RC5 )\(LRQ

RF5 RF2

©

[0098] In general formula (1), R,, R; and R, are each inde-
pendently a hydrogen atom, a C,_,, aliphatic hydrocarbon
group, a hydroxy group, an aryl-containing group or a cya-
noethyl group. The C, _, , aliphatic hydrocarbon group is pref-
erably a C, ¢ alkyl group. Examples of the aryl-containing
group include aryl groups such as phenyl group and naphthyl
group and, arylalkyl groups such as benzyl group. The num-
ber of carbon atoms constituting the aryl-containing group
preferably falls within the range of 6 to 11.

[0099] R, is a substituent except hydrogen atom (aliphatic
hydrocarbon group, an aryl group, a hydroxy group or a
cyanoethyl group). When R is ahydrogen atom, compared to
the case where R is another substituent, the transparency of
a sealing layer formed of a cured material of the surface
sealant, may be reduced by e.g., plasma exposure.

[0100] Specific examples of the amine compound repre-
sented by general formula (1) include the following 1-meth-
ylimidazole, 1,2-dimethylimidazole, 1-benzyl-2-methylimi-
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dazole, 1-isobutyl-2-methylimidazole, 1-butylimidazole,
1-benzyl-2-phenylimidazole and 2-phenyl-4-methylimida-
zole.

[Formula 19]

(1-1)
H3C\N/\N

(1-2)
CH;

(1-3)

[0101] In general formula (2), RB1, RB3, RB4 and RB5
each independently represent a hydrogen atom, a C,_,, ali-
phatic hydrocarbon group which may contain a hetero atom,
a hydroxy group, an aryl-containing group or a cyanoethyl
group; RB2 represents a C,_,, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and a plurality of
groups appropriately selected from RB1,RB2,RB3, RB4 and
RBS5 may be joined to each other to form an alicyclic ring, an
aromatic ring or a heterocyclic ring having a hetero atom
selected from oxygen, nitrogen and sulfur.

[0102] TheC,_,, aliphatic hydrocarbon group is preferably
a C,_salkyl group. Examples of the aryl-containing group
include aryl groups such as phenyl group and naphthyl group,
and arylalkyl groups such as benzyl group. The number of
carbon atoms constituting the aryl-containing group prefer-
ably falls within the range of 6 to 11.

[0103] Specific examples of the amine compound repre-
sented by general formula (2) include the following 1,8-
diazobicyclo[5,4,0]undec-7-ene.

[Formula 20]

O

[0104] In general formula (3), RC1, RC3, RC4 and RC5
each independently represent a hydrogen atom, a C, _,, ali-
phatic hydrocarbon group which may contain a hetero atom,
a hydroxy group, an aryl-containing group or a cyanoethyl
group; RC2 represents a C,_,, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and a plurality of
groups appropriately selected from RC1,RC2,RC3,RC4 and
RCS5 may be joined to each other to form an alicyclic ring, an
aromatic ring or a heterocyclic ring having a hetero atom
selected from oxygen, nitrogen and sulfur.
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[0105] TheC,_,, aliphatic hydrocarbon group is preferably
a C,_galkyl group. Examples of the aryl-containing group
include aryl groups such as phenyl group and naphthyl group,
and arylalkyl groups such as benzyl group. The number of
carbon atoms constituting the aryl-containing group prefer-
ably falls within the range of 6 to 11.

[0106] Specific examples of the amine compound repre-
sented by general formula (3) include the following 1,5-
diazobicyclo[4,3,0]non-5-ene.

[Formula 21]

9

[0107] In general formula (4), RE1, RE2, RE3, RE4 and
RES each independently represent a hydrogen group,a C, ;-
aliphatic hydrocarbon group which may contain a hetero
atom, a hydroxy group, an aryl-containing group or a cyano-
ethyl group; and a plurality of groups selected from RE1,
RE2, RE3, RE4 and RES may be joined to each other to form
an alicyclic ring, an aromatic ring or a heterocyclic ring
having a hetero atom selected from oxygen, nitrogen and
sulfur.

[0108] TheC,_,, aliphatic hydrocarbon group is preferably
a C,_galkyl group. Examples of the aryl-containing group
include aryl groups such as phenyl group and naphthyl group,
and arylalkyl groups such as benzyl group. The number of
carbon atoms constituting the aryl-containing group prefer-
ably falls within the range of 6 to 11.

[0109] Specific examples of the amine compound repre-
sented by general formula (4) include the following com-
pound represented by the following formula (4-1).

G-1)

[Formula 22]

@D
N.
A\

A

R
R =H, Me, OMe

[0110] In general formula (5), RF1, RF2, RF3, RF4, RFS,
RF6 and RF7 each independently represent a hydrogen
group, a C, |, aliphatic hydrocarbon group which may con-
tain a hetero atom, a hydroxy group, an aryl-containing group
or a cyanoethyl group; and a plurality of groups selected from
RF1, RF2, RF3, RF4, RF5, RF6, and RF7 may be joined to
each other to form an alicyclic ring, an aromatic ring or a
heterocyclic ring having a hetero atom selected from oxygen,
nitrogen and sulfur.

[0111] TheC,_,, aliphatic hydrocarbon group is preferably
a C,_¢ alkyl group. Examples of the aryl-containing group
include aryl groups such as phenyl group and naphthyl group,
and arylalkyl groups such as benzyl group. The number of
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carbon atoms constituting the aryl-containing group prefer-
ably falls within the range of 6 to 11.

[0112] Specific examples of the amine compound repre-
sented by general formula (5) include the following com-
pound represented by the following formula (5-1).

[Formula 23]
-1
R N.
x
Z
R R
R =H, Me, OMe
[0113] In general formula (6), RG1, RG2, RG3 and RG4

each independently represent a hydrogen group, a C,_, , ali-
phatic hydrocarbon group which may contain a hetero atom,
a hydroxy group, an aryl-containing group or a cyanoethyl
group; and a plurality of groups selected from RG1, RG2,
RG3 and RG4 may be joined to each other to form an alicyclic
ring, an aromatic ring or a heterocyclic ring having a hetero
atom selected from oxygen, nitrogen and sulfur.

[0114] TheC,_,, aliphatic hydrocarbon group is preferably
a C,_galkyl group. Examples of the aryl-containing group
include aryl groups such as phenyl group and naphthyl group,
and arylalkyl groups such as benzyl group. The number of
carbon atoms constituting the aryl-containing group prefer-
ably falls within the range of 6 to 11.

[0115] Specific examples of the amine compound repre-
sented by general formula (6) include the following com-
pound represented by the following formula (6-1).

[Formula 24]

()

[0116] Of these tertiary amines, for example, a compound
represented by formula (4) has a pKa of about 5; whereas, a
compound represented by formula (1) has a pKa of about 7
and diazabicycloundecene, which is one of the compounds
represented by formula (2), has a pKa of about 12. More
specifically, the compounds represented by formulas (1) and
(2) tend to exhibit higher basicity than a compound repre-
sented by formula (4). More specifically, since the tertiary
amine in metal complex (b1) has a high degree of basicity and
has a good curing activity with respect to epoxy resin, the
tertiary amine is preferably a compound represented by any
one of general formulas (1) to (3).

[0117] Tertiary amines forming a complex with a metal ion
may be used alone or in combination. More specifically, the
metal complex (b1) may be a multinuclear complex contain-
ing a plurality of metal ions as the core metals.

[0118] The molar ratio of tertiary amine to metal ion in
metal complex (b1) is preferably 0.5 to 6.0, and further pref-
erably 0.6 to 2.0. When the molar ratio is 0.5 or more, the
number of tertiary amines to be coordinated with metal com-

(6-1)
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plex (b1)is high, with the result that the curability of a surface
sealant tends to be satisfactory. In contrast, when the molar
ratio is 6.0 or less, the number of tertiary amines to be coor-
dinated with metal complex (b1) is low, with the result that the
storage stability of the surface sealant becomes satisfactory.
When the molar ratio falls within the above range, the balance
between curability and storage stability becomes satisfactory.

[0119] The anionic ligand in a metal complex (bl) is a
compound having an acidic group having an atom selected
from the group consisting of O, S, P and halogen and binding
to a metal ion by a coordinate bond or an ion bond.

[0120] The valence of an anionic ligand is preferably
smaller than the valence of a metal ion. When an anionic
ligand has a smaller valence than a metal ion, two or more
anionic ligands can be bound to a single metal ion to stabilize
metal complex (b1).

[0121] The molecular weight of the anionic ligand is pref-
erably 17 to 200. When the molecular weight of the anionic
ligand is 17 or more, the coordination bond distance between
the metal ion and tertiary amine is likely to decrease, as
described later. Thus, it is considered that the curability of
metal complex (bl) is not easily compromised. In contrast,
when the molecular weight of an anionic ligand is 200 or less,
the size of anionic ligand is not excessively large. Thus, it is
considered that coordination of a tertiary amine with a metal
ion is not significantly inhibited by sterical hindrance of the
ligand. As a result, it is considered that metal complex (b1) is
not easily destabilized under storage conditions.

[0122] The radius of the anionic ligand is preferably 2.0 A
or more, and more preferably 2.4 A or more. This is to obtain
good curability of a metal complex (b1). For example, assum-
ing that two anionic ligands are coordinated with a metal ion,
when a tertiary amine is further coordinated with the metal
ion, the angle formed between one of the bonds between the
anionic ligand and the metal ion and the other bond is con-
sidered to be narrowed, thereby providing stabilization.
When the radius of the anionic ligand is 2.0 A or more, it is
difficult to reduce the angle formed between these bonds.
Consequently, the coordination bond distance between a
metal ion and a tertiary amine is conceivably easily
decreased. As a result, it is considered that the curability of
metal complex (bl) is not easily compromised. When the
curability of metal complex (b1) is not easily impaired, par-
ticularly the degree of curing the surface of a cured material
tends to increase. When the degree of curing the surface of a
cured material is high, when e.g., a passivation layer is formed
on the surface of the cured material, the surface of the cured
material does not easily lose smoothness. Because of this, it is
considered that the external haze of the cured material does
not easily increase and thus transparency is not easily com-
promised.

[0123] Ontheotherhand, the upper limit ofthe radius of the
anionic ligand can be set to about 200 A. When the radius of
the anionic ligand is 200 A or less, it is considered that
coordination of a tertiary amine with a metal ion is not sig-
nificantly inhibited by sterical hindrance of the anionic ligand
having such a size. As a result, it is considered that metal
complex (bl) is not easily destabilized under storage condi-
tions.

[0124] The radius of an anionic ligand is computationally
obtainable by determining the Connolly volume of the
anionic ligand and calculating the radius of a true sphere
which has the same volume as the Connolly volume.
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[0125] The Connolly volume of an anionic ligand can be
computationally obtained by optimizing the structure of the
anionic ligand followed by calculation using, for example,
Material Studio 6.0 Dmol3. The optimization of the structure
of the anionic ligand can be made by MM2 (molecular
mechanics calculation method) or PBE/DNP 4.4. After opti-
mizing the structure of an anionic ligand in this manner, a
Connolly volume is obtained with the Connolly radius being
setto 1.0 A.

[0126] By way of example, calculation of the radius of an
acetic acid ion will be described. The Connelly volume of an
acetic acid ion, as obtained by the aforementioned method, is
54.8 A. Assuming that this volume is equal to the volume of
atrue sphere, the radius of the true sphere is calculated, which
is about 2.36 A. This value can be defined as the radius of the
acetic acid ion (ligand).

[0127] Astheradiuses ofe.g., chloride ion and sulfuric acid
ion, ion radiuses (calculated values by Shannon and Prewitt)
described in Chemical handbook, basic version, revised sec-
ond edition, edited by the Chemical Society of Japan) can be
used.

[0128] It is more preferable that the valence of an anionic
ligand is smaller than that of a metal ion and the radius of the
anionic ligand is 2.0 A or more (preferably, 2.4 A or more).

[0129] Examples of the anionic ligand can include car-
boxylate compounds, 1,3-dicarbonyl compounds, dithiocar-
boxylic acids and their carboxylate anions; thiocarboxylic
acids and their carboxylate anions, thionocarboxylic acids
and their carboxylate anions, 1,3-dithiocarbonyl compounds,
nitroxide ion, and halogen ions.

[0130] The carboxylate compound is preferably a com-
pound represented by the following formula (7A).
[Formula 25]
A
RDI
O/
RD{KO

[0131] Ingeneral formula (7A), RD1 is free or represents a
hydrogen atom; and RD2 represents a hydrogen group, a
C,_, hydrocarbon group or a hydroxy group. The C,_,
hydrocarbon group may be a C,_,, alkyl group or a C,,,
aryl-containing group and preferably a straight or branched
C,_, alkyl group. The phrase that RD1 is free means that a
carboxylate compound is an anion, as shown in the following
formula (7B). In the case where RD1 is a hydrogen group, a
hydroxy group is coordinated with a metal ion; whereas in the
case where RD1 is free, O— is often coordinated with a metal
ion.

[Formula 26]
(78B)
Q
(6]
RD{gO
[0132] Examples ofthe carboxylate compound represented

by formula (7A) include a C,_,, alkylcarboxylic acid and a
carboxylate anion thereof, and a C,_, , arylcarboxylic acid and
a carboxylate anion thereof.
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[0133] Examples of the C,_,, alkylcarboxylic acid include
formic acid, acetic acid, butanoic acid, 2-ethylbutanoic acid,
2,2-dimethylbutanoic acid, 2-ethylhexanoic acid, 3-meth-
ylbutanoic acid and 2,2-dimethylpropanoic acid, and particu-
larly formic acid, acetic acid, and 2-ethylhexanoic acid are
preferable.

[Formula 27]
(7TA-1)
OH
H @]
(1A-2)
OH
ch/ko
(T1A-3)
H H, )26
¢ C g C
me” SNer NEASN
H, |
C
o~ No

[0134] Examples of the C,_, arylcarboxylic acid include
benzoic acid and naphthenic acid.
[0135] The 1,3-dicarbonyl compound is preferably a com-
pound represented by formula (8).

R1-(C=0)—CH=C(0)—R2 (8)

[0136] In formula (8), R1 and R2 are each independently a
C, .10 alkyl group or a C4_;, aryl group. The C,_,, alkyl group
can be e.g., methyl group and ethyl group. The Cg_,, aryl
group can be e.g., phenyl group and naphthyl group.
Examples of the 1,3-dicarbonyl compound include acetyl
acetonate.

[0137] Examples of the dithiocarboxylic acid and carboxy-
late anion thereof include a C,_|, alkyldithiocarboxylic acid
and a dithiocarboxylate anion thereof, and a C,_, 5 aryldithio-
carboxylic acid and a dithiocarboxylate anion thereof.
[0138] Examples of the C,_,, alkyldithiocarboxylic acid
include dithioformic acid, dithioacetic acid, dithiopropanoic
acid and dithio-2-ethyl hexanoic acid.

[Formula 28]

H, Hy H,

su SH
C CgC

/& /g me” N S ESON
I S e S H /&
S S

[0139] Examples of the thiocarboxylic acid and a carboxy-
late anion thereof include a C,_,, alkylthiocarboxylic acid
and an alkyl thiocarboxylate anion thereof, anda C,_, 5 arylth-
iocarboxylic acid and an arylthiocarboxylate anion thereof.
[0140] Examples of the C,_, alkylthiocarboxylic acid
include thioacetic acid and thio-2-ethylhexanoic acid.

[Formula 29]

SH

PN

H;C o
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-continued
0 H 0
C C C
H
H3C/ \C/ \C/ \CH3

H> /K
HS O

[0141] Examples of the thionocarboxylic acid and a car-
boxylate anion thereof include a C, _, , alkylthionocarboxylic
acid and an alkylthionocarboxylate anion thereof, anda C,_| 5
arylthionocarboxylic acid and arylthionocarboxylate anion
thereof.

[0142] Examples of the C,_,, alkylthionocarboxylic acid
include thionoacetic acid and thiono-2-ethylhexanoic acid.

[Formula 30]

OoH
HsC S

H, H, H,

C C g€
H3C/ \C/ \C e \CH3

H, /&
HO S

[0143] The 1,3-dithiocarbonyl compound is preferably a
compound represented by formula (9).

R3-(C=8)—CH=C(S)—R4 ©)

[0144] In formula (9), R3 and R4 are each independently a
C, 1o alkyl group or a Cq_; aryl group. The C,_,, alkyl group
can be e.g., a methyl group, an ethyl group. The Cg |, aryl
group can be e.g., a phenyl group and a naphthyl group.

[0145] Examples of nitroxide ion include NO;~. Examples
of the halogen ion include Br™.

[0146] The number of atoms contained in the anionic
ligand (i.e., atoms capable of binding to a metal ion), which
are selected from O, S, P and halogens, may be single or two
or more. The anionic ligand containing two or more atoms
capable of binding to a metal ion may be bound to the metal
ion via a single atom or via each of the two or more of the
atoms. In order to form a ring with the metal ion to allow metal
complex (bl) to electrically stabilize and to ensure good
curability of metal complex (b1), the number of the atoms
capable of binding to a metal ion contained in the anionic
ligand is preferably two or more.

[0147] The anionic ligand containing two or more atoms
capable of binding to a metal ion is preferably capable of
forming a 3- to 7-membered ring with the metal ion. Prefer-
able examples of such an anionic ligand include a carboxylate
compound represented by the above formula (7A). The car-
boxylate compound represented by the above formula (7A) is
capable of binding to a metal ion via either one of the oxygen
atom constituting a carbonyl group or the oxygen atom adja-
cent to the carbonyl group.

[0148] Metal complex (bl) is preferably a compound in
which a tertiary amine represented by any one of aforemen-
tioned general formulas (1) to (3) and a carboxylate com-
pound represented by the aforementioned general formula
(7A) are separately coordinated with a metal ion.
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[0149] The tertiary amine to be coordinated with a metal
ion may be one or two or more of the above general formulas
(D) to (3).

[0150] Inorder for the surface sealant of the present inven-
tion to be cured at a temperature at which deterioration of an
organic EL element is limited while maintaining storage sta-
bility, metal complex (b1) is preferably a complex in which
two ofthe amine compounds represented by general formulas
(1) to (3) and two of the carboxylate compounds represented
by general formula (7A) are coordinated with a metal ion.

[0151] Specifically, a metal complex represented by the
following general formula (10) is preferable.

[Formula 31]

(10)
Et

oo
N
X

Et

[0152] To easily dissolve in e.g., epoxy resin (a) and
optional acid anhydride (c), the metal complex (b1) prefer-
ably has a close polarity to those. Furthermore, to easily
dissolve in e.g., epoxy resin (a) and optional acid anhydride
(c), the tertiary amine in metal complex (b1) preferably also
has a polarity close to them.

[0153] Whether or not a tertiary amine formed a complex
with a metal ion can be confirmed by comparing the 'HNMR
chemical shift of the tertiary amine in metal complex (b1)
with the 'HNMR chemical shift of the tertiary amine alone.
More specifically, when chemical shift peaks in 'HNMR
spectroscopy (in CDCl;, 25° C., 270 MHz) of the tertiary
amine in metal complex (b1) include a peak which is shifted
by 0.05 ppm or more, preferably 0.1 ppm or more, and more
preferably 0.4 ppm or more, relative to the chemical shift
peak in "HNMR spectroscopy (in CDCl,, 25° C., 270 MHz)
ofthe tertiary amine alone, it can be confirmed that the tertiary
amine formed a complex with a metal ion. The upper-limit
displacement of the peak is not particularly limited; however,
it is usually, about 1 ppm and more generally 0.7 ppm in most
cases.

[0154] Whether or notatertiary amine in the surface sealant
formed a complex with a metal ion (i.e., whether or not the
surface sealant contains metal complex (b1)) can be con-
firmed also by comparing, among "HNMR chemical shifts of
the surface sealant, the chemical shift of the tertiary amine
with the "HNMR chemical shift of the tertiary amine alone.
Also in this case, similarly to the above-described case, when
chemical shift peaks in "HNMR spectroscopy (in CDCl, 25°
C., 270 MHz) of the surface sealant include, among chemical
shift peaks of the tertiary amine, a peak which is shifted by
0.05 ppm or more, preferably, 0.1 ppm or more, and more
preferably, 0.4 ppm or more, relative to the chemical shift
peak in "HNMR spectroscopy (in CDCl,, 25° C., 270 MHz)
ofthe tertiary amine alone, it can be confirmed that the tertiary
amine in the surface sealant forms a complex with a metal ion.
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The upper-limit displacement of the peak can be about 1 ppm
and preferably about 0.7 ppm, similarly to the above case.
[0155] Moreover, whether a tertiary amine in the surface
sealant formed a complex with a metal ion (i.e., whether a
surface sealant contains metal complex (b1)) can be con-
firmed also by comparing the "HNMR chemical shifts of the
surface sealant with the "HNMR chemical shift of metal
complex (b1) alone. For example, when the similar chemical
shift as that of metal complex (bl) alone appears in the
'HNMR chemical shift of the surface sealant, it can be deter-
mined that the surface sealant contains metal complex (b1).
[0156] The peak which is shifted in 'HNMR spectroscopy
is conceivably derived from a hydrogen atom whose electron
state is changed by coordination of a tertiary amine with a
metal ion. In many case, such a hydrogen atom is presumably
a hydrogen atom present around the conjugated system
including a nitrogen atom. For example, when the tertiary
amine is an imidazole compound represented by formula (1),
the peak which is shifted in "THNMR spectroscopy is mostly
derived from the 4-position or the S-position hydrogen atom.
[0157] A tertiary amine having no bulky group around the
hydrogen atom present around the conjugated system includ-
ing a nitrogen atom is probably coordinated with a metal ion,
since the nitrogen atom contained in the conjugated system is
likely to come closer to the metal ion.

[0158] The content of metal complex (bl) in the surface
sealant is preferably 0.008 to 0.3 in terms of the equivalent
ratio of “active functional group (tertiary amino group) of the
metal complex (bl) to epoxy group contained in the surface
sealant”. To enhance the curability of a surface sealant, the
equivalent ratio is preferably 0.01 to 0.2 and more preferably
0.03 to 0.152. The metal complex (bl) may be constituted of
one or two or more of the metal complexes.

[0159] The surface sealant according to Embodiment 2 of
the present invention contains specific amine compound (b2).
Specific amine compound (b2) is represented by general for-
mula (11) or (12).

[Formula 32]

1
R,

Ry
\N A N

(12)

RA;

[0160] In general formula (11), R, to R, are each indepen-
dently ahydrogen atom, a C, _, , aliphatic hydrocarbon group,
an aryl-containing group, a hydroxy group and a cyanoethyl
group. The C,_,, aliphatic hydrocarbon group is preferably a
C,_ alkyl group. Examples of the aryl-containing group
include an aryl group such as a phenyl group and a naphthyl
group and an arylalkyl group such as a benzyl group. The
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number of carbon atoms constituting the aryl-containing
group preferably falls within the range of 6 to 11.

[0161] R, ispreferably a substituent (an aliphatic hydrocar-
bon group, an aryl group, a hydroxy group or a cyanoethyl
group) except a hydrogen atom. If R, is a hydrogen atom, the
transparency of a sealing layer formed of a cured material of
the surface sealant may be decreased by e.g., plasma expo-
sure, compared to the case where R, is another substituent.
[0162] However, if either one or both of R, and R, are aryl
groups, it is acceptable that R, is a hydrogen atom. This is
because the reactivity of R, being a hydrogen atom can be
reduced by R, and R, being aryl groups.

[0163] A compound represented by general formula (11)
may take the form of a salt. Examples of the salt include
hydrochloride, isocyanuric acid salt, and triazineisocyanuric
acid salt.

[0164] Specific examples of an amine compound repre-
sented by general formula (11) include the following com-
pounds.

[Formula 33]
(L1-1)
N \N
(11-2)
Y\NJ\N
(11-3)
\N \N
(11-4)
NJ\N
— (11-5)
HN \N

T

[0165] In general formula (12), RA,, RA,, RA; and RA,
each independently represent a hydrogen atom, a C,_,, ali-
phatic hydrocarbon group, an aryl-containing group, a
hydroxy group or a dimethylaminomethyl group. The C,_,,
aliphatic hydrocarbon group is preferably a C,_salkyl group.
Examples of the aryl-containing group include an aryl group
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such as a phenyl group and a naphthyl group and an arylalkyl
group such as a benzyl group. The number of carbon atoms
constituting the aryl-containing group preferably falls within
the range of 6 to 11.

[0166] However, in general formula (12), any one of RA,,
RA,, RA, and RA, is adimethylamino group. Preferably, two
of RA,, RA; and RA, are dimethylamino groups; more pref-
erably, all of RA,, RA; and RA, are dimethylamino groups.
The dimethylaminomethy] group represented by RA,, RA,,
RA; or RA, in general formula (2) has a moderate reactivity
(nucleophilic reactivity ). More specifically, when the methyl
(Me) group of the dimethylaminomethyl group
(Me,NCH,—) is substituted with a bulky alkyl group, reac-
tivity decreases. For this reason, such a compound may not be
suitable as a curing accelerator for the surface sealant of the
present invention. Furthermore, if the dimethylaminomethyl
group (Me,NCH,—) is substituted with a dimethylamino
group (Me,N—), reactivity excessively increases and storage
stability decreases. Such a compound may not be suitable as
a curing accelerator for the surface sealant of the present
invention. The storage stability mentioned herein means that
a curing reaction is less likely to proceed under storage con-
ditions and viscosity does not easily increase.

[0167] The compound represented by general formula (12)
may take the form of a salt. Examples of the salt include
hydrochloride and 2-ethylhexanoate.

[0168] Specific examples of an amine compound repre-
sented by general formula (12) include the following com-
pound.

[Formula 34]
(12-1)
OH
\N I|\I/
I|\I/
[0169] To easily dissolve in e.g., epoxy resin (a) and arbi-

trary acid anhydride (c), the amine compound (b2) preferably
has a close polarity to those.

[0170] The content of amine compound (b2) in a surface
sealant is preferably 0.008 to 0.152 in terms of the equivalent
ratio of an “active functional group (tertiary amino group) of
the amine compound (b2)/an epoxy group contained in the
surface sealant” and more preferably 0.02 to 0.15.

[0171] The amine compound (b2) may be constituted of
one or two or more of the aforementioned compounds.
[0172] Acid Anhydride (c)

[0173] The surface sealant of the present invention may
contain acid anhydride (c). Particularly, from a surface seal-
ant containing an epoxy resin serving as a curing resin and an
acid anhydride, a highly transparent cured material can be
often obtained. Since aromatic acid anhydrides are mostly
colored, an aliphatic (a hydrogenated aromatic) acid anhy-
dride is preferable. Examples of the acid anhydride contained
in a sealant include phthalic anhydride, tetrahydrophthalic
anhydride, methyltetrahydrophthalic anhydride, trimellitic
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anhydride, hexachloroendomethylene tetrahydrophthalic
anhydride and benzophenonetetracarboxylic anhydride. An
aliphatic acid anhydride has high transparency. Hexahydro-
phthalic anhydride and methylhexahydrophthalic anhydride
are used.

[0174] The surface sealant of the present invention prefer-
ably contains an acid anhydride (c) such that the equivalent
ratio of “an acid anhydride group/an epoxy group” is 0.8 to
1.2. If the equivalent ratio is excessively low, viscosity stabil-
ity may decreases under storage conditions such as room
temperature. In contrast, when the equivalent ratio is exces-
sively large, the amount of unreacted acid anhydride
increases and e.g., water vapor permeability increases, which
may cause deterioration of an organic EL element.

[0175] Coupling Agent (d)

[0176] The surface sealant of the present invention may
contain a coupling agent such as a silane coupling agent, a
titanium coupling agent, a zirconium coupling agent, or an
aluminum coupling agent. The surface sealant containing a
coupling agent exhibits good adhesion to a glass substrate.
[0177] Examples of the silane coupling agent include 1) a
silane coupling agent having an epoxy group, 2) a silane
coupling agent having a functional group reactive to an epoxy
group and 3) other silane coupling agents. Of them, 1) a silane
coupling agent having an epoxy group and 2) a silane cou-
pling agent having a functional group reactive to an epoxy
group are preferably used in order to leave no low-molecular
weight component in a cured material by reacting with an
epoxy resin of a sealing composition. The phrase “reacting
withan epoxy resin” refers an addition reaction with an epoxy
group, for example.

[0178] 1) Thesilane coupling agent having an epoxy group
refers to a silane coupling agent containing an epoxy group
such as a glycidyl group. Examples thereof include y-glyci-
doxypropyltrimethoxysilane and [(-(3,4-epoxycyclohexyl)
ethyltrimethoxysilane.

[0179] 2) The functional group reactive to an epoxy group
includes amino groups such as a primary amino group and a
secondary amino group and a carboxyl group; and groups to
be converted into a functional group reactive to an epoxy
group (for example, a methacryloyl group, an isocyanate
group). Examples of a silane coupling agent having a func-
tional group reactive to an epoxy group include N-2-(amino-
ethyl)-3-aminopropylmethyldimethoxysilane, N-2-(amino-
ethyl)-3-aminopropylmethyltrimethoxysilane, N-2-
(aminoethyl)-3-aminopropylmethyltriethoxysilane,
3-aminopropyltrimethoxysilane, 3-aminopropyltriethoxysi-
lane,  3-triethoxysilyl-N-(1,3-dimethyl-butylidene)propy-
lamine, N-phenyl-3-aminopropyltrimethoxysilane or 3-(4-
methylpiperazino)propyltrimethoxysilane,
trimethoxysilylbenzoic  acid, y-methacryloxypropyltri-
methoxysilane and y-isocyanatopropyltriethoxysilane.
[0180] Examples of?3) other silane coupling agents include
vinyltriacetoxysilane and vinyltrimethoxysilane. These
silane coupling agents may be used alone or in combination.
[0181] The molecular weight of a silane coupling agent
contained in the surface sealant of the present invention is
preferably 80 to 800. If the molecular weight of a silane
coupling agent exceeds 800, adhesion may reduce.

[0182] The content of a silane coupling agent in the surface
sealant of the present invention is preferably 0.05 to 30 parts
by weight relative to the surface sealant (100 parts by weight),
more preferably 0.1 to 20 parts by weight and further prefer-
ably 0.3 to parts by weight.

[0183] Other Optional Components (e)

[0184] Other optional components may be added to the
surface sealant of the present invention as long as the effect of
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the present invention is not compromised. Examples of other
optional components (e) include a resin component, a filler, a
modifying agent, an antioxidant and a stabilizer. Specific
examples of the resin component can include a polyamide, a
polyamideimide, a polyurethane, a polybutadiene, a poly-
chloroprene, a polyether, a polyester, a styrene-butadiene-
styrene block co-polymer, a petroleum resin, a xylene resin, a
ketone resin, a cellulose resin, a fluorine oligomer, a silicon
oligomer and a polysulfide oligomer. These resin components
can be used alone or in combination. However, if the a cured
material of the surface sealant of the present invention is
required to be transparent, a component, which causes a
phase separation from an epoxy resin and has a large refrac-
tive index difference with the epoxy resin; more specifically,
e.g., aninorganic filler and an organic filler having a refractive
index difference of 0.1 or more with an epoxy resin cured
material and a diameter of 0.1 pm or more, are preferably not
substantially contained.

[0185] Specific examples of the filler include glass beads,
styrene polymer particles, methacrylate polymer particles,
ethylene polymer particles and propylene polymer particles.
These fillers can be used alone or in combination.

[0186] Specific examples of the modifying agent include a
polymerization initiation promoter, an anti-degradation
agent, a leveling agent, a wettability improver, a surfactant
and a plasticizer. These modifying agents can be used alone or
in combination. Furthermore, specific examples of the stabi-
lizer include an UV absorber, an antiseptic agent and an
antibacterial agent. These stabilizers are used alone or in
combination.

[0187] The antioxidant refers to e.g., an agent such as a
hindered amine light stabilizer (HALS) which inactivates
radicals generated by plasma irradiation and sunlight irradia-
tion and an agent which decomposes a peroxide. The antioxi-
dant can prevent discoloration of a cured material of a sealant.
[0188] Examples of the hindered amine include bis(2,2,6,
6-tetramethylpiperidin-4-yl)sebacate, a polycondensation
product of 2,4-dichloro-6-tert-octylamino-s-triazine and 4,4'-
hexamethylene  bis(amino-2,2,6,6-tetramethylpiperidine)
and bis|1-(2-hydroxy-2-methylpropoxy)-2,2,6,6-tetrameth-
ylpiperidin-4-yl]sebacate.

[0189] Examples of a phenol antioxidant include
monophenols such as 2,6-di-t-butyl-p-cresol and bisphenols
such as 2,2'-methylenebis(4-methyl-6-t-butylphenol) and
polymer phenols such as 1,1,3-tris(2-methyl-4-hydroxy-5-t-
butylphenyl)butane.

[0190] As a phosphorus antioxidant, an antioxidant
selected from phosphites and a coloring inhibitor selected
from oxaphosphaphenanthrene oxides are preferably used.
[0191] Particularly, in view of imparting resistance to UV
rays, Tinuvinl23 (bis(1-octyloxy-2,2,6,6-tetramethyl-4-pip-
eridyl)sebacic acid), Tinuvin765 (a mixture of bis(1,2,2,6,6-
pentamethyl-4-piperidyl)sebacic acid and methyl 1,2,2,6,6-
pentamethyl-4-piperidyl sebacate), Hostavin PR25 (dimethyl
4-methoxybenzyl Idenemalonate), Tinuvin 312 or Hostavin
vsu (ethanediamide N-(2-ethoxyphenyl)-N'-(2-ethylphenyl))
and CHIMASSORB 119 FL (N,N'-bis(3-aminopropyl)ethyl-
ene diamine-2,4-bis[N-butyl-N-(1,2,2,6,6-pentamethyl-4-
piperidyl)amino]-6-chloro-1,3,5-triazine  condensate are

preferable.
[0192] Solvent (f)
[0193] The surface sealant of the present invention may

contain solvent (f), Solvent (f) has a function of uniformly
dispersing or dissolving individual components. Solvent (f)
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may be an organic solvent. Examples thereof include aro-
matic solvents such as toluene and xylene; ketone solvents
such as acetone, methyl ethyl ketone and methyl isobutyl
ketone; ethers such as ether, dibutyl ether, tetrahydrofuran,
dioxane and ethylene glycol monoalkyl ether; aprotic polar
solvents such as N-methyl pyrrolidone; and esters such as
ethyl acetate and butyl acetate. Particularly, in the case where
a molded article for surface sealing is obtained with an
optional component i.e., high molecular weight epoxy resin
(a-2) added in the surface sealant, to the surface sealant of the
present invention, a ketone solvent (solvent having a keto
group) such as methyl ethyl ketone is more preferable from
the perspective of easily dissolving high molecular weight
epoxy resin (a-2).
[0194] Viscosity of the surface sealant of the present inven-
tion measured at 25° C. and 1.0 rpm by E-type viscometer is
preferably to 10000 mPa-s and more preferably 200 to 10000
mPa-s. If the viscosity of the surface sealant falls within the
above range, coating property (for example, screen printing)
thereof is improved and the surface sealant can be easily
molded into a sheet. The viscosity of the surface sealant is
measured by E-type viscometer (RC-500, manufactured by
Toki Sangyo Co., Ltd.) at a measurement temperature of 25°
C.
[0195] The viscosity increase rate of the surface sealant
according to Embodiment 1 of the present invention after
storage at 25° C. for 24 hr is preferably less than 100%, more
preferably 70% or less and further preferably, 50% or less.
[0196] The above viscosity increase rate can be calculated
as follows. More specifically, as described above, the viscos-
ity of a surface sealant immediately after synthesis is mea-
sured by E-type viscometer at 25° C. and 1.0 rpm. Subse-
quently, the viscosity of the surface sealant stored at 25° C. for
24 hr is measured in the same conditions. The obtained mea-
surement values are substituted into the following expression
to calculate the viscosity increase rate.

Viscosity increase rate=viscosity change(viscosity

after 24 hr-viscosity immediately after synthe-
sis)/viscosity immediately after synthesisx100

[0197] The water content of the surface sealant of the
present invention is preferably 0.1 mass % or less, and more
preferably, 0.06 mass % or less. An electric circuit in which an
optical semiconductor such as an organic EL, element is
arranged is easily degraded by moisture. Thus, it is preferable
to reduce the water content of a surface sealant as much as
possible. The water content of a surface sealant can be
obtained by weighing about 10 g of a test sample, heating the
test sample to 150° C., and measuring the amount of moisture
generated by the Karl Fischer aquameter (solid-substance
vaporization method).

[0198] The surface sealant of the present invention can be
preferably used as a surface sealant for an optical semicon-
ductor. The optical semiconductor is, for example, an element
for emitting light by converting electricity into light. Specific
examples of the optical semiconductor include an inorganic
LED element and an organic EL element and preferably an
organic EL element. Since the optical semiconductor is easily
degraded by e.g., moisture, the surface thereof needs to be
sealed.

[0199] The light transmittance of the surface sealant cured
material of the present invention is preferably 30% or more,
more preferably 50% or more and further preferably 80% or
more. This is because if the light transmittance of a cured
material is excessively low, if the cured material is used as a
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surface sealant for e.g., an organic EL element, the out-cou-
pling efficiency from the element tends to decrease and fur-
thermore, quality in view of design deteriorates. The upper-
limit value of light transmittance of a cured material of the
surface sealant can be generally about 99%. The light trans-
mittance of the cured material can be controlled by the type
and amount of amine compound (b) contained in a surface
sealant.

[0200] Thelight transmittance of the cured material is mea-
sured by the following procedure.

[0201] 1) A surface sealant is applied to a substrate, dried,
cured to obtain a cured material having a thickness 100 pum.

[0202] 2) The light transmittance of the obtained cured
material at a wavelength of 450 nm is measured by an ultra-
violet/visible light photometer (MULTISPEC-1500 manu-
factured by Shimadzu Corporation).

[0203] The surface sealant of the present invention may be
used as a liquid sealant; however, it may be used as a part of
a molded article for surface sealing such as a film by adding
e.g., the aforementioned high molecular weight epoxy resin
(a-2). If the sealant is used in the state of liquid, for example,
it may be applied to an optical semiconductor such as an
organic EL element by e.g., screen printing or dispenser coat-
ing, and the coating layer is cured to seal the surface of an
optical semiconductor such as an organic EL element. Fur-
thermore, if a molded article for surface sealing such as a film
is used, the film sealant is laminated on an optical semicon-
ductor such as an organic EL element and cured to seal the
surface of the optical semiconductor such as an organic EL.
element.

[0204] The surface sealant of the present invention can be
manufactured by any method as long as the effect of the
present invention is not undermined and for example, manu-
factured by a method including a step 1) of preparing epoxy
resin (a), curing accelerator (b) and other optional compo-
nents, and a step 2) of mixing individual components under an
inert gas environment at 30° C. or less. Examples of a mixing
method include a method of stirring these components placed
in a flask and a method of kneading them by three rolls. When
the surface sealant of the present invention is molded into a
film, for example, a liquid surface sealant may be appliedto a
delamination substrate, followed by drying and separation of
the applied film. The surface sealant may be applied to a
substrate by, for example, screen printing or dispenser coat-
ing.

[0205] The tertiary amine contained in the surface sealant
according to Embodiment 1 of the present invention is
capable of forming a complex with a metal ion with which an
electron donating anionic ligand (preferably, a carboxylate
compound) is coordinated and thus appropriately fixed as a
metal complex. Thus, the tertiary amine is not easily removed
from the metal complex under the conventional storage con-
ditions for the surface sealant of the present invention, such as
at room temperature and suppresses the reaction of e.g., an
epoxy resin in the surface sealant. As a result, the storage
stability of the surface sealant can be improved. On the other
hand, when the surface sealant according to Embodiment 1 of
the present invention is heated or irradiated with light for
sealing an organic EL element as described later, the coordi-
nation bond between the tertiary amine and the metal ion is
relaxed, the curing reaction of the tertiary amine with an
epoxy resin is presumably carried out. The storage stability
mentioned herein means that the curing reaction does not
easily proceed under storage conditions and viscosity does
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not easily increase. As mentioned, the surface sealant accord-
ing to Embodiment 1 of the present invention has good cur-
ability and high storage stability. Thus, when it is used as a
surface sealant for an optical semiconductor, the working
efficiency of a sealing step can be enhanced.

[0206] Furthermore, when the tertiary amine in metal com-
plex (b1) is specified as any one of the compounds repre-
sented by the above general formulas (1) to (6), it is presum-
able that the reactivity of the tertiary amine can be reduced
under storage conditions to the extent that curability is not
impaired. Thus, as described later, it is conceivable that an
increase in haze of the cured material layer when treated with
plasma is limited, in other words, weather resistance can be
improved.

[0207] Specific amine compound (b2) contained in the sur-
face sealant according to Embodiment 2 of the present inven-
tion has a structure represented by the above general formula
(11)or (12). Thus, the reactivity of amine compound (b2) can
be presumably reduced to the extent that curability is not
impaired under storage conditions. Accordingly, as described
later, an increase in haze of the cured material layer due to
plasma treatment is presumably reduced. Because of this, if
the surface sealant of Embodiment 2 of the present invention
is used as a surface sealant for an optical semiconductor, a
reduction in the out-coupling efficiency or light absorption
efficiency of an optical semiconductor caused by an increase
in haze of the cured material layer after plasma treatment can
be limited.

[0208] An example where an epoxy resin composition of
the present invention is used as surface sealant has been
explained. However, the epoxy resin composition of the
present invention is not limited to this application and can be
used in various applications.

[0209] 2. Organic EL. Device

[0210] The organic EL device of the present invention has
an organic EL element arranged on a substrate, a resin cured
material layer in contact with the organic EL. element and
covering the organic EL element (sealing the surface thereof)
and a sealing board covering the resin cured material layer.
The organic EL device can be used as an organic EL display
panel having the organic EL device.

[0211] One configuration of the organic ELL device of the
present invention includes 1) an organic EL element arranged
on a substrate, 2) a resin cured material layer in contact with
the organic EL element and covering the organic EL element
(sealing the surface thereof), 3) a passivation layer in contact
with the resin cured material layer and covering the resin
cured material layer, and 4) a sealing board covering the
passivation layer (see FIG. 1A). Herein, the resin cured mate-
rial layer is characterized by being the aforementioned a
surface sealant cured material.

[0212] Another configuration of the organic EL device of
the present invention includes 1) an organic EL element
arranged on a substrate, 2) a resin cured material layer in
contact with the organic EL element and covering the organic
EL element (sealing the surface thereof), 3) a passivation
layer in contact with the resin cured material layer and
arranged on an edge surface of the resin cured material layer,
and 4) a sealing board covering the resin cured material layer
and the passivation layer (see FIG. 1B). Herein, the resin
cured material layer is characterized by being the aforemen-
tioned cured material of the surface sealant.

[0213] FIG.1A s asectional view schematically showing a
surface-sealed organic EL device. As shown in FIG. 1A,

Jun. 20, 2013

organic EL panel 20 is formed by laminating substrate 22,
organic ELL element 24 and sealing board 26 in this order.
Between substrate 22 and sealing board 26, surface sealing
layer 28 is arranged and surface sealing layer 28 covers over
organic EL element 24. In this manner, surface sealing layer
28 seals the surface of organic EL element 24.

[0214] In organic EL device 20 shown in FIG. 1A, surface
sealing layer 28 has cured material layer 28-1 formed of the
cured material of the surface sealant of the present invention,
passivation layer 28-2 covering cured material layer 28-1 and
second resin cured material layer 28-3 covering passivation
layer 28-2.

[0215] Substrate 22 and sealing board 26 each are usually
formed of e.g., a glass substrate or aresin film, and at least one
of substrate 22 and sealing board 26 is formed of a transparent
glass substrate or a transparent resin film. Examples of such a
transparent resin film include an aromatic polyester resin
such as polyethylene terephthalate.

[0216] In the case of a top emission organic EL element,
organic EL element 24 includes reflection pixel electrode
layer 30 (formed of aluminum, silver or the like), organic EL.
layer 32 and transparent counter electrode layer 34 (formed of
e.g., ITO or 1ZO) in the order from the side of substrate 22.
Reflection pixel electrode layer 30, organic EL layer 32 and
transparent counter electrode layer 34 may be formed by e.g.,
vacuum vapor deposition and sputter.

[0217] Insurface sealinglayer 28, cured material layer 28-1
formed of the cured material of the surface sealant of the
present invention, passivation layer 28-2, and second resin
cured material layer 28-3 are included. Cured material layer
28-1is preferably in contact with the organic EL element. The
thickness of cured material layer 28-1 is preferably 0.1 to 20
m.

[0218] When the surface sealant according to Embodiment
1 of the present invention is used, it is preferable that a
spectrum of X-ray photoelectron spectroscopy (XPS) of the
cured material layer 28-1 formed of the cured material of the
surface sealant includes a peak derived from at least one metal
atom selected from the group consisting of Zn, Bi, Ca, Al, Cd,
La and Zr and a peak derived from a nitrogen atom, with the
molar ratio of the metal atom to the nitrogen atom falling
within the range of 1:0.5 to 1:6.0. The molar ratio of nitrogen
atom to metal atom (1 mole) can vary depending upon the
content of the tertiary amine relative to the metal ion in metal
complex (bl). Furthermore, the metal atom is preferably Zn
and the content thereof is preferably 0.5 to 15 mass % in the
cured material.

[0219] XPS measurement can be performed by use of
AXIS-NOVA (manufactured by KRATOS). As a light source,
monochromatic A1 Ko can be used and the diameter of the
measurement region can be set at 100 pm.

[0220] The light transmittance of cured material layer 28-1
formed of the cured material of the surface sealant of the
present invention is preferably 30% or more, more preferably
50% or more and further preferably 80% or more, as men-
tioned above. Ifthe light transmittance is excessively low, the
out-coupling efficiency from the element and the absorption
efficiency of light to the element tend to decrease. The upper
limit of light transmittance of cured material layer 28-1 can be
set, for example, at about 99%.

[0221] Passivation layer 28-2 constituting surface sealing
layer 28 is preferably an inorganic compound layer to be
formed under a plasma environment. The phrase “formed
under a plasma environment”, for example, means that a film
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is formed by plasma CVD but is not particularly limited to
this. The layer may be formed by sputtering or vapor deposi-
tion. The material for passivation layer 28-2 is preferably a
transparent inorganic compound. Examples of the inorganic
compound include, but not particularly limited to, silicon
nitride, silicon oxide, SiONF and SiON. The thickness of
passivation layer 28-2 is preferably 0.1 to 5 um.

[0222] Passivation layer 28-2 may be formed in contact
with cured material layer 28-1. This is because cured material
layer 28-1 formed of the cured material of the surface sealant
of'the present invention can maintain its transparency even if
exposed to plasma.

[0223] Inthe organic EL device of the present invention, a
film of passivation layer 28-2 is formed not in direct contact
with organic EL element 24 but in direct contact with cured
material layer 28-1. When passivation layer 28 is tried to be
formed in direct contact with organic EL element 24, cover-
age of passivation layer 28 may reduce since organic EL
element 24 has sharp edges. In contrast, in the organic EL
device of the present invention, the surface of organic EL
element 24 is sealed with cured material layer 28-1 of the
surface sealant of the present invention and then passivation
layer 28-2 is formed on cured material layer 28-1. Because of
the surface-sealing with cured material layer 28-1, the surface
of passivation layer 28-2 can be smoothed. In this manner,
coverage is improved.

[0224] Second resin cured material layer 28-3 constituting
surface sealing layer 28 may be made of the same material (as
the surface sealant of the present invention) as used in cured
material layer 28-1 or a different material. For example, the
moisture content of second resin cured material layer 28-3
may be higher than that of cured material layer 28-1. This is
because second resin cured material layer 28-3 is not in direct
contact with the organic EL element. Furthermore, in the case
of a top emission organic EL device (organic EL device in
which light emitted from the organic EL element is out-
coupled through sealing layer 28-3), the light transmissivity
of second resin cured material layer 28-3 is required to be as
high as that of resin cured material layer 28-1.

[0225] FIG. 1B is a schematic sectional view of another
surface-sealed organic EL device. As shown in FIG. 1B,
organic EL panel 20' is formed by laminating substrate 22,
organic EL, element 24 and sealing board 26 in this order.
Between substrate 22 and sealing board 26, surface sealing
layer 28 is arranged, which covers over organic EL element
24. In this manner, surface sealing layer 28 seals the surface of
organic EL element 24.

[0226] In organic EL device 20' shown in FIG. 1B, surface
sealing layer 28 includes cured material layer 28-1 formed of
the cured material of the surface sealant of the present inven-
tion and passivation layer 28-2 covering the edge face of
cured material layer 28-1. Other members consisting organic
EL device 20' shown in FIG. 1B are the same as the members
constituting organic EL device 20 shown in FIG. 1A.

[0227] The organic EL device of the present invention can
be manufactured by any method as long as the effect of the
present invention is not compromised; the manufacturing
method includes a step 1) of preparing an organic EL element
arranged on a substrate, a step 2) of covering the organic EL,
element with a surface sealant and curing the surface sealant
to form a surface sealing layer and a step 3) of sealing with a
sealing board. In this method, when a step of exposing the
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surface sealing layer to plasma is included, the effect of the
surface sealant of the present invention is particularly effi-
ciently exerted.

[0228] Examples of the step of exposing the surface sealing
layer to plasma include a step of forming a passivation film on
the surface sealing layer by plasma CVD and a step of chang-
ing surface characteristics of the surface sealing layer by
irradiation of plasma. By changing surface characteristics
(for example, by enhancing wettability), adhesion to other
members can be improved. Particularly, the sealing layer
formed of the surface sealant of Embodiment 2 of the present
invention is excellent in plasma resistance. The surface seal-
ing layer is less likely to deteriorate even if it is subjected to
these steps and maintains, for example, high transparency.
[0229] FIGS. 2A to 2E schematically show a process for
manufacturing the organic EL device of the present invention.
First, substrate 22 having organic EL. element 24 thereon is
provided (FIG. 2A). The organic EL element includes reflec-
tion pixel electrode layer 30, organic EL layer 32, and trans-
parent counter electrode layer 34. Furthermore, other func-
tional layers may be included in the organic EL. element.
Next, on organic EL element 24 laminated on substrate 22, a
liquid surface sealant of the present invention is applied (so as
to cover transparent counter electrode layer 34) or a surface
sealant in the form of film is laminated, and thereafter cured
to form cured material layer 28-1 (FIG. 2B).

[0230] Next, on cured material layer 28-1, passivation layer
28-2 is formed (FIG. 2C). Passivation layer (transparent inor-
ganic compound layer) 28-2 can be formed by any method,
e.g., plasma CVD, sputtering or vapor deposition. When
plasma CVD is selected for film deposition, the effect of the
present invention is significantly exerted. To describe more
specifically, when passivation layer 28-2 is formed by plasma
CVD, transparency of cured material layer 28-1 is maintained
although cured material layer 28-1 is significantly exposed to
plasma compared to e.g., sputtering. As described, the surface
sealant of the present invention can be particularly preferably
used in a manufacturing process having the step of forming a
passivation layer by a plasma CVD method.

[0231] Next, passivation layer 28-2 is covered with a resin
layer (FIG. 2D) and further, sealing board 26 is superposed. In
this state, the resin layer is cured to form second resin cured
material layer 28-3, and sealing board 26 is adhered (FIG.
2E). In this manner, organic EL device 20 of the present
invention can be obtained.

[0232] FIGS. 2A to 2E show a flow diagram, starting with
the formation of single organic EL element 24 on substrate 22
and ending with sealing of organic EL element 24. A plurality
of organic EL elements 24 formed on substrate 22 can be
sealed in the same procedure in a single process.

[0233] The surface sealant according to Embodiment 1 of
the present invention is less likely to cause deterioration of an
optical semiconductor such as an organic EL, element. The
reason for this is not clearly elucidated but presumed as
follows. That is, when a tertiary amine in the surface sealant
is easily movable, the tertiary amine interacts with a metal
constituting the charge transport layer and light-emitting
layer of an organic EL element and changes the state of the
organic EL element. The element presumably deteriorates in
this manner. In contrast, as the tertiary amine contained in the
surface sealant according to Embodiment 1 of the present
invention previously forms a complex with a metal ion, the
structure around the tertiary amine is bulky. Therefore, the
interaction between the tertiary amine and the charge trans-



Patent Application Publication  Jun. 20,2013 Sheet 2 of 2 US 2013/0153880 A1

FIG.2A 24

12

FIG.2B 24 432
30

34
FIG.2C 24 {32
30

7 ~~—— 28'—3

34
FIG2D 24 {32 7]

28

7 LT ITTLL SIS ILLLIT TS

~— 28-3
|34 TR ~_ 28-2 + 28

FIG2E 24 32//’ 981
30 &




US 2013/0153880 Al

port layer and light-emitting layer of the organic EL element
is less likely to occur. Deterioration of e.g., the organic EL
element can be presumably limited in this manner.

[0234] Whether such deterioration of an element occurs or
not can be evaluated by the following method. That is, an
organic EL element is prepared by a vapor deposition method.
On the element thus prepared, a surface sealant is applied and
thermally cured to seal the element to obtain sample 1. On the
other hand, the surroundings of the element prepared are
similarly sealed with the surface sealant so as not to be in
contact with the element (hollow sealing) to obtain sample 2.
Sample 1 and sample 2 are subjected to measurement of
initial light-emitting characteristics, life time and reliability
and both samples are compared. When evaluation results of
both samples do not differ from each other, it can be deter-
mined that the element is not degraded by interaction between
the surface sealant and the element. Deterioration can be
evaluated specifically by the same method as described in the
deterioration test method in WO2010/035502.

EXAMPLES

[0235] 1. Evaluation of Surface Sealant According to
Embodiment 1

[0236] 1-1. Synthesis of Metal Complex (b1)

[0237] Synthesis of Metal Complex (b1-0)

[0238] In accordance with the method for synthesizing a
metal amidine complex described in W0O2006/022899, metal
complex (b1-0) was synthesized in which two molecules of
2-ethyl hexanoic acid serving as a carboxylate compound and
two molecules of 1-methylimidazole serving as a tertiary
amine were coordinated with one Zn ion serving as a core
metal ion. In the obtained metal complex (b1-0), the molar
ratio of the tertiary amine to the metal ion was 2.0. The results
of 'THNMR, '*C NMR, FD MS analyses and C, H, N element
analysis of metal complex (b1-0) are shown below. From
these results, it is estimated that the structure of metal com-
plex (b1-0) is represented by the above general formula (10).
[0239] 'H NMR (270 MHz, CDCl,): 8 0.89 (t, I=7.6 Hz,
12H), 1.22-1.30 (m, 8H), 1.42-1.67 (m, 8H), 2.32 (td, J=6.9
Hz, 3.0 Hz, 2H), 3.69 (s, 6H), 6.84 (s, 2H), 7.37 (s, 2H), 8.15
(s, 2H).;

[0240] '*C NMR (68 MHz, CDCl,): § 183.7, 139.9, 129.0,
120.0, 49.1,32.6,30.1, 26.1, 22.9, 14.1, 12.3.

[0241] FD MS m/z (relative intensity): 82.1 (60), 127.1
(30), 725.3 (100), 1427.6 (20).

[0242] Anal. Caled for ZnC,,H,,N,O,: C, 55.9; H, 8.2; N,
10.9.

[0243] Synthesis of Metal Complex (b1-1)

[0244] To a 5 L flask, zinc bis(2-ethylhexoate)(768.19 g
(2.18 mol)) was placed. To this, isopropyl alcohol (1500 g)
was added and stirred under normal temperature/normal pres-
sure at about 150 rpm. After complete dissolution of zinc
bis(2-ethylhexoate) was confirmed, 1,2-DMZ (1,2-dimeth-
ylimidazole) (210 g (2.18 mol)) was added and continuously
stirred. Subsequently, 1,2-DMZ (42 g (0.44 mol)) was further
added and continuously stirred. Thereafter, stirring was ter-
minated and the resultant solution was transferred to a 3 L
flask. Evaporation was performed to distill away isopropyl
alcohol to obtain liquid metal complex (b1-1). The molar
ratio of tertiary amine to metal ion was 1.2.

[0245] 'HNMR of the obtained metal complex (b1-1) was
measured.
[0246] 'H NMR (270 MHz, CDCL,): § 0.82 (t, I=6.8 Hz,

12H), 1.18-1.23 (m, 8H), 1.30-1.57 (m, 8H), 2.22 (td, J=6.9
Hz, 3.0 Hz, 2H), 2.51 (s, 3.7H), 3.57 (s, 3.7H), 6.76 (s, 1.2H),
7.06 (s, 1.2H).
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[0247] Next, '"HNMR of 1,2-DMZ (1,2-dimethylimida-
zole) was measured.

[0248] 'HNMR (270 MHz, CDCl,):  2.34 (s,3H), 3.54 (s,
3H), 6.76 (s, 1H), 6.85 (s, 1H).

[0249] 'HNMR shift of metal complex (b1-1) and "HNMR
shift of 1,2-DMZ (1,2-dimethylimidazole) were compared.
From this, a peak (6.85—7.06) ascribed to the 5-position
hydrogen atom was presumably shifted. In the following
formula, the position of the hydrogen atom for which chemi-
cal shift was confirmed is indicated by O.

[Formula 35]

[0250] Synthesis of metal complex (b1-2) Liquid-state
metal complex (b1-2) was obtained in the same manner as in
Synthesis Example 1 except that the tertiary amine was
changed to 1B2MZ (1-benzyl-2-methylimidazole) and the
charging amounts of zinc 2-ethylhexanoate and tertiary
amine were changed such that the molar ratio of tertiary
amine to metal ion was 0.8.

[0251] 'HNMR of the obtained metal complex (b1-2) was
measured.
[0252] 'HNMR (270 MHz, CDCl,, reference TMS): § 0.83

(t, J=8.1 Hz, 12H), 1.19-1.28 (m, 8H), 1.34-1.61 (m, 8H),
2.22(td, J=4.8 Hz, 1.9 Hz, 2H),2.50 (s, 1.8H), 5.04 (s, 1.2H),
6.80 (d, J=1.6 Hz, 0.6H), 7.06-7.11 (m, 1.8H), 7.32-7.38 (m,
2.4H).

[0253] Next, '"HNMR of 1B2MZ (1-benzyl-2-methylimi-
dazole) was measured.

[0254] 'HNMR (270 MHz, CDCl,): 2.31 (s, 3H), 5.02 (s,
2H), 6.82 (d, 1=0.68 Hz, 1H), 6.94 (d, =0.68 Hz, 1H), 7.05
(dd, J=8.5 Hz, 0.8 Hz, 2H), 7.27-7.36 (m, 4H).

[0255] 'HNMR shift of the metal complex (b1-2) and
'HNMR shift of 1B2MZ (1-benzyl-2-methylimidazole) were
compared. From this, a peak (2.31—2.50) ascribed to the
hydrogen atom of the 2-position methyl group and a peak
(6.94—7.06-7.11) ascribed to the 5-position hydrogen atom
were presumably shifted. In the following formula, the posi-
tion of the hydrogen atom for which chemical shift was con-
firmed is indicated by O.

[Formula 36]

[0256] Synthesis of Metal Complex (b1-3)

[0257] Liquid-state metal complex (b1-3) was obtained in
the same manner as in Synthesis Example 1 except that the
tertiary amine was changed to 1BMI12 (1-isobutyl-2-meth-
ylimidazole) and the charging amounts of zinc bis(2-ethyl-
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hexoate) and tertiary amine were changed such that the molar
ratio of tertiary amine to metal ion was 0.8.

[0258] 'HNMR of the obtained metal complex (b1-3) was
measured.

[0259] ‘H NMR (270 MHz, CDCL,): d 0.83 (1, I=7.0 Hz,
12H), 0.91 (t, J=4.1 Hz, 3H), 0.94 (d, J=6.5 Hz, 3H), 1.18-1.
26 (m, 8H), 1.26-1.58 (m, 8H), 2.03 (qt, J=13.5, 0.5 Hz, 1H),
2.23 (td, J=4.8 Hz, 1.9 Hz, 2H), 2.50 (s, 3H), 3.63 (d, 7.3 Hz,
2H), 6.74 (d, J=9.7 Hz, 1H), 7.10 (d, I=1.4 Hz, 1H).

[0260] Next, 'HNMR of 1BMI12 (1-isobutyl-2-meth-
ylimidazole) was measured.

[0261] 'HNMR (270 MHz, CDCl,, reference TMS): §0.90
(t,J=4.1 Hz, 3H),0.91 (d, J=6.5 Hz, 3H), 1.97 (qt, J=13.5,0.5
Hz, 1H), 2.35 (s, 3H), 3.61 (d, J=7.3 Hz, 2H), 6.77 (d, J=1.4
Hz, 1H), 6.87 (d, J=1.4 Hz, 1H).

[0262] 'HNMR shift of metal complex (b1-3) and 'HNMR
shift of 1BMI12 (1-isobutyl-2-methylimidazole) were com-
pared. From this, a peak (2.35—2.50) ascribed to the hydro-
gen atom of the 2-position methyl group and a peak (6.87—7.
10) ascribed to the 5-position hydrogen atom was presumably
shifted. In the following formula, the position of the hydrogen
atom for which chemical shift was confirmed is indicated by

O

[Formula 37]

[0263]

[0264] Liquid-state metal complex (b 11-4)was obtained in
the same manner as in Synthesis Example 1 except that the
tertiary amine was changed to 1MI (1-methylimidazole) and
the charging amounts of zinc 2-ethylhexanoate and tertiary
amine were changed such that the molar ratio of tertiary
amine to metal ion was 2.0.

[0265] 'HNMR of the obtained metal complex (b1-4) was
measured.

[0266] 'HNMR (270 MHz, CDCL,): 8=0.89 (t, J=7.6 Hz,
12H), 1.22-1.30 (m, 8H), 1.42-1.67 (m, 8H), 2.32 (td, J=6.9
Hz, 3.0 Hz, 2H), 3.69 (s, 6H), 6.84 (s, 2H), 7.37 (s, 2H), 8.15
(s, 2H).

[0267] Next, '"HNMR of 1MI (1-methylimidazole) was
measured.

[0268] 'HNMR (270 MHz, CDCl,, reference TMS):d=3.
66 (s, 3H), 6.87 (s, 1H), 7.02 (s, 1H), 7.40 (s, 1H).

[0269] 'HNMR shift of metal complex (b1-4) and 'HNMR
shift of 1MI (1-methylimidazole) were compared. From this,
apeak (7.40—8.15) ascribed to the 2-position hydrogen atom
and a peak (7.02—7.37) ascribed to the 4-position hydrogen
atom was presumably shifted. In the following formula, the
position of the hydrogen atom for which chemical shift was
confirmed is indicated by O.

Synthesis of metal complex (b1-4)
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[Formula 38]

2
NN/Me

4

[0270] Synthesis of metal complex (b1-5)

[0271] Liquid-state metal complex (b1-5) was obtained in
the same manner as in Synthesis Example 1 except that the
tertiary amine was changed to 1B2PZ (1-benzyl-2-phe-
nylimidazole) and the charging amounts of zinc 2-ethylhex-
anoate and tertiary amine were changed such that the molar
ratio of tertiary amine to metal ion was 0.2.

[0272] 'HNMR of the obtained metal complex (b1-5) was
measured.

[0273] 'H NMR (270 MHz, CDCl,): § 0.82 (t, 1=7.8 Hz,
12H), 1.15-1.25 (m, 8H), 1.29-1.61 (m, 8H), 2.23 (td, J=8.4,
5.7Hz,2H),5.14 (s,0.4H),7.01 (d,J=1.4 Hz, 0.2H), 7.07 (dd,
J=6.5, 1.6 Hz, 0.4H), 7.27 (d, J=3.8 Hz, 0.2H), 7.33-7.45 (m,
1.2H), 7.58-7.61 (m, 2H).

[0274] Next, 'HNMR of 1B2PZ (1-benzyl-2-phenylimida-
zole) was measured.

[0275] 'HNMR (270 MHz, CDCL,): 8=5.18 (s, 2H), 6.93
(d,J=3.2Hz, 1H),7.03 (dd,J=3.2, 1.4 Hz, 2H), 7.18 (d, J=3.8
Hz, 1H), 7.23-7.41 (m, 6H), 7.51-7.58 (m, 2H).

[0276] 'HNMR shift of the metal complex (bl-5) and
'"HNMR shift of 1B2PZ (1-benzyl-2-phenylimidazole) were
compared. From this, a peak (7.18>7.27) ascribed to the
S-position hydrogen atom, a peak ascribed to a hydrogen
atom of a phenyl group (7.23—7.41-7.33-7.45) and a peak
ascribed to a hydrogen atom of a phenyl group (7.51-7.58—7.
58-7.61) were presumably moved. In the following formula,
the position of the hydrogen atom for which chemical shift
was confirmed is indicated by O.

[Formula 39]

[0277] Synthesis of Metal Complex (b1-6)

[0278] Liquid-state metal complex (b1-6) was obtained in
the same manner as in Synthesis Example 1 except that the
tertiary amine was changed to DBU (1,8-diazabicyclo[5,4,0]
undec-7-ene) and the charging amounts of zinc 2-ethylhex-
anoate and tertiary amine were changed such that the molar
ratio of tertiary amine to metal ion was 1.0.

[0279] 'HNMR of the obtained metal complex (b1-6) was
measured.

[0280] 'H NMR (270 MHz, CDCl,):  0.85 (t, I=7.3 Hz,
12H), 1.19-1.27 (m, 8H), 1.29-1.67 (m, 14H), 1.82 (quin,
J=5.9 Hz, 2H), 2.21 (td, J=8.1, 3.2 Hz, 2H), 2.63-2.65 (m,
2H), 3.21-3.41 (m, 6H).

[0281] Next, "HNMR of DBU (1,8-diazabicyclo[5,4,0]un-
dec-7-ene) was measured.

[0282] 'HNMR (270 MHz, CDCl,, reference TMS): §
1.58-1.68 (m, 6H), 1.78 (quin, J=6.2 Hz, 2H), 2.36-2.40 (m,
2H), 3.17-3.29 (m, 6H).
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[0283] 'HNMR shift of the metal complex (bl-6) and
'HNMR shift of DBU (1,8-diazabicyclo[5,4,0]lundec-7-ene)
were compared. From this, a peak (3.17-3.29—3.21-3.41)
ascribed to the 2, 9 and 11-position hydrogen atoms and a
peak ascribed to the 6-position hydrogen atom (2.36-2.40—2.
63-2.65) were presumably shifted. In the following formula,
the position of the hydrogen atom for which chemical shift
was confirmed is indicated by O.

[Formula 40]
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tion hydrogen atoms (3.23-3.34—3.33-3.41) were
presumably shifted. In the following formula, the position of
the hydrogen atom for which chemical shift was confirmed is
indicated by O.

[Formula 41]

[0291] Compositions of the obtained metal complexes (b1-

[0284] Synthesis of metal complex (b1-7) 1) to (b1-7) and displacements of 'HNMR peak are collec-
[0285] Liquid-state metal complex (b1-7) was obtained in tively shown in Table 1. In the table, numerical values in the
the same manner as in Synthesis Example 1 except that the column of “metal complex” indicate mass ratios.
TABLE 1
b1-1 b1-2 b1-3  bl-4  bl-5  bl-6 b1-7
Metal Metal ion/ Zinc bis 8.3 79 7.9 7.7 9.7 7.7 8.1
complex anionic ligand (2-ethylhexoate)

(anion radius >3.3 A)

Tertiary amine 1,2-DMZ 2.7
1B2MZ 3.1
IBMI12 3.1
1-MI 33
1B2PZ 13
DBU 3.3
DBN 2.9
Molar ratio of tertiary amine to core metal 1.20 0.80 0.80 2.0 0.2 1.0 1.0
'HNMR Displacement of peak ascribed to 2-position hydrogen atom (ppm) — — 0.75 0.09 0.08 —
Displacement of peak ascribed to 2-position methyl group (ppm) — 0.19 0.15 — — — —
Displacement of peak ascribed to 2-position phenyl group (ppm) — — — — 0.07 — —
— — — — 0.05 — —
Displacement of peak ascribed to 4-position hydrogen atom (ppm) — — — 0.35 — — 0.085
Displacement of peak ascribed to 5-position hydrogen atom (ppm) 0.20 0.14 0.23 — — — —
Displacement of peak ascribed to 6-position hydrogen atom (ppm) — — — — — 0.26 —
Displacement of peak ascribed to 7-position hydrogen atom (ppm) — — — — — — 0.39
Displacement of peak ascribed to another hydrogen atom (ppm) — — — — — 0.08 0.085

tertiary amine was changed to DBN (1,5-diazobicyclo[4,3,0]
non-5-ene) and the charging amounts of zinc 2-ethylhex-
anoate and tertiary amine were changed such that the molar
ratio of tertiary amine to metal ion was 1.0.

[0286] 'HNMR of the obtained metal complex (b1-7) was
measured.
[0287] 'H NMR (270 MHz, CDCL,): 8 0.85 (t, J=6.8 Hz,

12H), 1.19-1.29 (m, 8H), 1.33-1.64 (m, 8H), 1.82 (quin, J=5.7
Hz, 2H), 1.94 (quin, J=7.8 Hz, 2H), 2.21 (td, J=8.1, 3.2 Hz,
2H), 2.81 (t, J=8.1 Hz, 2H), 3.19 (t, J=5.9 Hz, 2H), 3.33-3.41
(m, 4H).

[0288] Next, ‘HNMR of DBN (1,5-diazobicyclo[4,3,0]
non-5-ene) was measured.

[0289] 'H NMR (270 MHz, CDCl,): & 1.76 (quin, J=3.2
Hz, 2H), 1.89 (quin, J=3.0 Hz, 2H), 2.42 (t, J=8.1 Hz, 2H),
3.18 (t, J=5.9 Hz, 2H), 3.23-3.34 (m, 4H).

[0290] 'HNMR shift of metal complex (b1-7) and "THNMR
shift of DBN (1,5-diazobicyclo[4,3,0]non-5-ene) were com-
pared. From this, a peak (2.42—2.81) ascribed to the 7-posi-
tion hydrogen atom and a peak ascribed to the 4 and 9-posi-

[0292] 1-2. Evaluation of surface sealant

[0293] Surface sealant were prepared by using the follow-

ing raw materials.

[0294] <Epoxy Resin (a)>

[0295] Trifunctional epoxy resin: molecular weight: 592

(VG-3101L, manufactured by Printec Co.)

[0296] Bisphenol F epoxy resin: molecular weight: 338

(YL-983U, manufactured by Japan Epoxy Resins Co., Ltd.)

[0297] Bisphenol E epoxy resin: epoxy equivalent: 155 to

175 (R1710, manufactured by Printec Co.)

[0298] <Metal Complex (b1)>

[0299] Metal complexes (b1-0)to (b1-1)synthesized above

were used.

<Amine Compound (b2)>

[0300] 1,2-Dimethylimidazole (Curezol 1.2DMZ, manu-
factured by Shikoku Chemicals Corporation)

[0301] 1-Benzyl-2-methylimidazole (Curezol 1B2MZ,
manufactured by Shikoku Chemicals Corporation)

[0302] 1-Benzyl-2-phenylimidazole (Curezol 1B2PZ,
manufactured by Shikoku Chemicals Corporation)
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[0303] 1-Isobutyl-2-methylimidazole (JER Cure IBMI12,
manufactured by Japan Epoxy Resins Co., Ltd.)

[0304] 2,4,6-Tris[(dimethyl amino)methyl]phenol (JER
Cure 3010, manufactured by Japan Epoxy Resins Co.,
Ltd.)

[0305] Tris(dimethyl aminomethyl)phenol.tri(2-ethyl-
hexoate) (K-61B, manufactured by Air Products Japan
Inc.)

[0306] 2-Phenyl-4-methylimidazole (Curezol 2P4MZ,
manufactured by Shikoku Chemicals Corporation)

[0307] <Comparative Amine Compound>

[0308] 2-Ethyl-4-methylimidazole (Curezol 2E4MZ,
manufactured by Shikoku Chemicals Corporation)

[0309] Diazacycloundecene phthalate (SA-810, manufac-
tured by SAN-APRO Limited)

[0310] <Acid Anhydride (c)>

[0311] A mixture of methylhexahydrophthalic anhydride

and hexahydrophthalic anhydride (RIKACID MH-700,

manufactured by New Japan Chemical Co., Ltd.)

[0312] Silane Coupling Agent (d)>

[0313] 3-Glycidoxypropyltrimethoxysilane, = molecular
weight: 236 (KBM-403, manufactured by Shin-Etsu
Chemical Co., Ltd.)

Examples 1 to 10 and Comparative Example 1

[0314] Ina flask purged with nitrogen, an epoxy resin (100
parts by weight) having a composition shown in Table 2, an
acid anhydride (84 parts by weight), a silane coupling agent
(4 parts by weight) and a metal complex (b1-0) or a compara-
tive amine compound (parts by weight shown in Table 2) were
mixed while stirring to obtain a surface sealant.
[0315] The viscosity of each of the surface sealants
obtained in Examples 1 to 10 and Comparative Example 1
was measured. The viscosity (0 h) of the surface sealant
immediately after synthesis and the viscosity of the surface
sealant, stored at 25° C. for 24 hours or 48 hours after syn-
thesis, were separately measured by E-type viscometer (digi-
tal rheometer Model DII-III ULTRA manufactured by
BROOKFIEL) at 25° C. and 1 rpm. Then, the measured
values were substituted in the following equation to obtain a
viscosity increase rate.

Increase rate(%)=(Aviscosity change(viscosity after

24 hr or 48 hr-viscosity immediately after syn-

thesis)/viscosity immediately after synthesis)x
100

[0316] A surface sealant having a viscosity increase rate
(from the viscosity immediately after synthesis to the viscos-
ity after storage at 25° C. for 24 hours) of 50% or less was
evaluated as O, more than 50% and less than 100% as A, and
more than 100% as

[0317] x. Furthermore, a surface sealant having a viscosity
increase rate (from the viscosity immediately after synthesis
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to the viscosity after storage at 25° C. for 48 hours) of 100%
or less was evaluated as O, more than 100% and less than
200% as A, and more than 200% as x. The measurement
results are shown in Table 2.

[0318] The curability of each of the surface sealants
obtained in Examples 1 to 10 and Comparative Example 1
was evaluated by the following method. Each surface sealant
was thermally cured in air for 30 minutes. The flowability and
tackiness of the cured material were evaluated by use of
pencil hardness. A cured material neither flowable nor tacky
was evaluated as O, a cured material flowable as x, and a
cured material still tacky as A.

[0319] Furthermore, the water content of the obtained sur-
face sealant was measured by the Karl Fischer’s method. As
a result, the water contents of the surface sealants of
Examples 1 to 10 and Comparative Example 1 were all not
greater than 0.1 wt %.

[0320] Preparation of Cured Material Layer

[0321] The surface sealants obtained in Examples 1 to 10
and Comparative Example 1 were each printed by a screen
printer (Screen Printer Model 2200, manufactured by
MITANI) to a glass substrate (7 cmx7 cmx0.7 mm-thickness)
previously washed by ozone treatment. The surface sealant
was applied such that a dry-state coating of 5 cmx5 cmx3
um-thickness was obtained. The printed glass substrate was
heated on a hot plate heated to 100° C. for 30 minutes to
obtain a cured material layer.

[0322] The haze value (%) of the cured material layer was
measured by a haze meter (model TC-H3DPK, manufactured
by Tokyo Denshoku Co., Ltd.). Thereafter, the glass substrate
having the cured material layer formed thereon was set in a
plasma treatment apparatus (model PDC210, parallel flat-
plate type, manufactured by Yamato Scientific Co., Ltd.) and
plasma treatment was carried out at an oxygen flow rate of 20
ml/minute and an RF power of 500 W for 20 minutes. Then,
the haze value (%) of the cured material layer after the plasma
treatment was measured by use of a haze meter (model
TC-H3DPK, manufactured by Tokyo Denshoku Co., Ltd.).
The haze measurement values are shown in Table 2.

[0323] A cured material layer after plasma irradiation hav-
ing a haze of 10% or less was evaluated as O, more than 10%
to 30% or less as A, and more than 30% as x.

[0324] As mentioned above, by treating a cured material of
the surface sealant with plasma and evaluating a change in
haze, whether a surface sealant is suitable for a method for
manufacturing an organic EL device including a step of irra-
diating plasma to a cured material of the surface sealant, can
be evaluated; at the same time, accelerated evaluation of
weather resistance can be made.

[0325] The evaluation results of the surface sealants of
Examples 1 to 10 and Comparative Example 1 are shown in
Table 2.

TABLE 2
Example Example Example Example Example Example
1 2 3 4 5 6
Composition Epoxy resin YL-983U 40 40

VG-3101L 60 60 60 60 71 71
R1710 40 40 29 29
Acid anhydride MH700 84 84 86 86 84 84

Amine compound 1B2PZ

1B2MZ

2EAMZ
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TABLE 2-continued

Metal complex Metal complex (b1-0) 6.0 15 6.0 10 6.0 10
Silane coupling KBM 4.0 4.0 4.0 4.0 4.0 4.0
agent
Equivalent ratio of tertiary amine to epoxy group 0.0508 0.127 0.0508 0.127 0.0547 0.0912
Evaluation Plasma resistance Haze 2.6 0 1.7 0.8 0.2 0.1
(before plasma irradiation)
Haze 2.6 0.7 0.5 0.3 0.5 0.2
(after plasma irradiation)
Evaluation o o o o o o
Storage stability Viscosity at O hr (mPa-s) 3412 3767 1889 2134 4623 5099
Viscosity at 24 hr (mPa-s) 4373 5480
Viscosity at 48 hr (mPa - s) 2876 3330 7210 8970
Increase rate (%) 28 45 52 56 56 76
Evaluation o o o o o o
Curability A o A A < o
Example Example Example Example Comparative Example
7 8 9 10 1
Composition Epoxy resin YL-983U 40 40 40
VG-3101L 71 65 60 60 60
R1710 29 35
Acid anhydride MH700 84 84 84 84 84
Amine compound 1B2PZ 3.0
1B2MZ 3.0
2EAMZ 3.0
Metal complex Metal complex (b1-0) 15 10
Silane coupling KBM 4.0 4.0 4.0 4.0 4.0
agent
Equivalent ratio of tertiary amine to epoxy group 0.137 0.0875 0.0559 0.0761 0.119
Evaluation Plasma resistance Haze 0 0.1 0 0 0
(before plasma irradiation)
Haze 20.6 5.1 12.8 14.7 45.1
(after plasma irradiation)
Evaluation A o A A X
Storage stability Viscosity at O hr (mPa-s) 5490 2508 3873 5380 7200
Viscosity at 24 hr (mPa-s) 7130 7200 13800 26290
Viscosity at 48 hr (mPa - s) 4316
Increase rate (%) 30 72 86 157 265
Evaluation o o X X
Curability o o o o o
[0326] For every surface sealant prepared in Examples and Example 24
Comparative Example, the haze of a cured material layer [0329] A surface sealant was obtained in the same manner

before plasma treatment is sufficiently reduced. In the surface
sealants of Examples 1 to 10, haze values of the cured mate-
rial layers after plasma treatment are reduced to less than
30%; whereas in the surface sealant of Comparative Example
1, the haze value of a cured material layer after plasma treat-
ment exceeds 40%.

[0327] In addition, it is found that the surface sealant of
Comparative Example 1 has good curability but poor storage
stability; whereas, the surface sealants of Examples 1 to 8
have high curability and good storage stability. It is found that
particularly surface sealants of Examples 2, 5 to 8 exhibited a
low viscosity increase rate even after storage for 48 hours and
have good curability.

Examples 11 to 23 and 25, Comparative Example 2

[0328] Ina flask purged with nitrogen, an epoxy resin (100
parts by weight) having a composition shown in Tables 3 to 5,
an acid anhydride (84 parts by weight), a silane coupling
agent (4 parts by weight) and a metal complex or an amine
compound (parts by weight shown in Tables 3 to 5) were
mixed while stirring to obtain a surface sealant. Note that, the
metal complexes used in Examples 11 to 13 were metal
complexes (b1-1) to (b1-3) synthesized above.

as in Example 11 except that zinc bis(2-ethylhexoate) and
1,2-DMZ were independently added in place of the metal
complex.

[0330] The viscosity of each of the surface sealants
obtained in Examples 11 to 25 and Comparative Example 2
was measured in the same manner as above. Furthermore,
stabilization degree by complexation was calculated as fol-
lows. That is, the viscosity increase rate (after 24 hr) of a
surface sealant containing a tertiary amine and zinc bis(2-
ethylhexoate) in discrete forms (i.e., increase rate in the case
of non-complexation) was divided by the viscosity increase
rate (after 24 hr) of a surface sealant containing a metal
complex of a tertiary amine and zinc bis(2-ethylhexoate) to
obtain a value of “stabilization degree by complexation”.
When the stabilization degree due to complexation is larger
than 1, it means that the stability is enhanced by complex-
ation. When the stabilization degree is smaller than 1, it
means that stability is reduced by complexation.

[0331] Note that, in Tables 3 to 5 described later, as “the
increase rate in non-complexation case”, the increase rate
after 24 hr of Example 24 was used when a tertiary amine was
“1,2-DMZ”; the increase rate after 24 hr of Example 25 was
used when a tertiary amine was “IBMI112”; and the increase
rate after 24 hr of Example 10 was used when a tertiary amine
was “1B2MZ”.
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[0332] The curability of each of the surface sealants
obtained in Examples 11 to 25 and Comparative Example 2
was evaluated in the same manner as above.

[0333] Preparation of Cured Material Layer

[0334] The surface sealants obtained in Examples 11 to 23
and Comparative Example 2 were each printed by a screen
printer (Screen Printer Model 2200, manufactured by
MITANTI)to a glass substrate (7 cmx7 cmx0.7 mm-thickness)
previously washed by ozone treatment. The surface sealant
was applied such that a dry-state coating of 5 cmx5 cmx3
um-thickness was obtained. The glass substrate to which the
surface sealant was printed was heated on a hot plate heated to
100° C. for 30 minutes to obtain a cured material layer.
[0335] The haze value (%) of the cured material layer was
measured by a haze meter (model TC-H3DPK, manufactured
by Tokyo Denshoku Co., Ltd.). Thereafter, the glass substrate
having a cured material layer formed thereon was set in a
sputter thin-film forming apparatus (JSP-8000 manufactured
by ULVAC, Inc.) to form a SiO, film of 50 nm in thickness in
the following conditions. Then, after completion of film-
formation treatment, the haze value (%) of the cured material
layer was measured by a haze meter (model TC-H3DPK,
manufactured by Tokyo Denshoku Co., Ltd.).

[0336] <Pre-Sputtering Conditions>

[0337] Target: SiO,

[0338] Type of gas: Ar

[0339] Gas flow rate: 15 seem

[0340] Pressure: 4.8x107! Pa

[0341] Power supply: Alternating current power supply

(frequency 13.56 MHz)
[0342] Input electric power: 300 W
[0343] Time: 120 seconds
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[0349] Pressure: 4.8x107! Pa
[0350] Power supply: Alternating current power supply
(frequency 13.56 MHz)

[0351] Input electric power: 300 W

[0352] Time: 2500 seconds

[0353] Temperature: Room temperature

[0354] A cured material layer after film formation treat-

ment having a haze of 25% or less was evaluated as O, more
than 25% to 40% or less as A, and more than 40% as Xx.
[0355] A low haze value obtained after film formation treat-
ment by sputtering means that the surface of the cured mate-
rial layer after film formation treatment is smooth (external
haze is low), since the cured material layer has a relatively
high degree of curing, in particular at the surface thereof. In
contrast, a high haze value obtained after film formation
treatment by sputtering means that the surface of the cured
material layer is roughened (external haze is high) by the film
formation treatment, since the cured material layer has a
relatively low degree of curing, in particular at the surface
thereof. Note that high haze values obtained after film forma-
tion treatment by sputtering do not necessarily mean that the
weather resistance of the cured material of the surface sealant
is low.

[0356] The measurement results of Examples 11 to 16 are
shown in Table 3; the measurement results of Examples 17 to
21 are shown in Table 4; and the measurement results of
Example 22 to 25 and Comparative Example 2 are shown in
Table 5. In the tables, the “anion diameter” in a metal complex
refers to the radius of an anionic ligand. The radius of an
anionic ligand was computationally found by obtaining the
Connolly volume by use of Material Studio 6.0 Dmol, and
measuring the radius of a true sphere while assuming that the
Connolly volume is equal to the volume of'the true sphere. On

[0344] Temperature: Room temperature the other hand, as the radiuses of a chloride ion and a sulfuric
[0345] <Film-Formation Conditions> acid ion, ion radiuses (Calculation values by Shannon and
[0346] Target: SiO, Prewitt) described in Chemical handbook, basic version,
[0347] Type of gas: Ar revised second edition, edited by the Chemical Society of
[0348] Gas flow rate: 15 seem Japan) were used.
TABLE 3
Example Example Example Example Example Example
11 12 13 14 15 16
Composition Epoxy resin YL-983U 40 40 40 40 40 40
VG-3101L 60 60 60 60 60 60
Acid anhydride MH700 84 84 84 84 84 84
Metal Metal ion/ Anion
complex anionic diameter
ligand Zinc bis >33A 8.3 7.9 7.9 7.5 7.2 6.7
(2-ethylhexoate)
Zinc chloride  1.67 A
Zinc benzoate  >3.3 A
Zinc >33 A
acetylacetonate
Zinc sulfate 34A
Tertiary 1,2-DMZ 2.7
amine 1B2MZ 3.1
IBMI12 3.1 3.5 3.8 4.3
Molar ratio of tertiary 1.20 0.80 0.80 1.20 1.40 1.60
amine to metal ion
Silane coupling KBM 4 4 4 4 4 4
agent
Equivalent ratio of tertiary amine active 0.0539 0.0345 0.0431 0.0486 0.0528 0.0597
functional group to epoxy group
Evaluation Haze change after ~ Haze (before sputtering) 0 0 0 0 0 0
film-formation Haze (after sputtering) 0.1 21.0 1.0 1.5 0.2 0.2

treatment (surface Evaluation

shape change)
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TABLE 3-continued
Example Example Example Example Example Example
11 12 13 14 15 16
Storage stability 0 hr/mPa - s 3473 3193 3313 3257 2952 2982
24 hr/mPa - s 6370 4213 4486 5130 5650 5750
48 hr/mPa - s 10770 4990 Not Not 12810 13480
measured measured
Increase rate (%) 24 hr 83 32 35 58 91 93
Increase rate in 128 157 4738 4738 4738 4738
non-complexation more more more more
case 24 hr (%)
Stabilization degree 1.5 4.9 135 81 52 51
by complexation more more more more
Curability 89 88 87 87 89 92
TABLE 4
Example Example Example Example Example
17 18 19 20 21
Composition Epoxy resin YL-983U 40 40 40 40 40
VG-3101L 60 60 60 60 60
Acid anhydride MH700 84 84 84 84 84
Metal complex Metal ion/ Anion diameter
anionic ligand  Zinc bis(2-ethylhexoate) >33 A
Zinc chloride 1.67 A 6.1
Zinc benzoate >3.3 A 8.0
Zinc acetylacetonate >3.3 A 7.7
Zinc sulfate 34A 6.4
Tertiary amine 1,2-DMZ 4.9 4.3 3.0 3.3 4.6
1B2MZ
IBMI12
Molar ratio of tertiary amine to metal ion 1.2 1.2 1.2 1.2 1.2
Silane coupling agent KBM 4 4 4 4 4
Equivalent ratio of tertiary amine active functional group to epoxy group 0.0978 0.0859 0.0599 0.0659 0.0918
Evaluation Haze change after Haze (before sputteringt) 0 0 0 0 0
film-formation treatment Haze (after sputtering) 274 0.6 0.2 0.3 71.6
(surface shape change) Evaluation A o o o X
Storage stability 0 hr/mPa - s 2455 4053 4651 3427 2728
24 hr/mPa - s 2999 8690 6410 4486 3179
Increase rate (%) 24 hr 22 114 38 31 17
Increase rate in non-complexation 128 128 128 128 128
case 24 hr (%)
Stabilization degree by complexation 58 1.1 3.4 4.1 7.7
Curability 89 89 90 88 86
TABLE 5
Example Example Example Example  Comparative
22 23 24 25 Example 2
Composition Epoxy resin YL-983U 40 40 40 40 40
VG-3101L 60 60 60 60 60
Acid anhydride MH700 84 84 84 84 84
Metal Metal ion/ Anion diameter
complex  anionic ligand  Zinc bis(2-ethylhexoate) >33 A 8.5 7.3 8.0 11
Zinc chloride 1.67 A
Zinc benzoate >33 A
Zinc acetylacetonate >33 A
Zinc sulfate 34A
Tertiary amine 1-MI 2.0 1.7
1,2 DMZ 0.5 2.0
1B2PZ 2.0
IBMI12 3.5
Molar ratio of tertiary amine to metal ion 1.20 1.40 —
Silane coupling agent KBM 4 4 4
Equivalent ratio of tertiary amine active functional group to epoxy group 0.129 0.128
Evaluation Haze change after Haze (before sputtering) 0 0 — nd
film-formation Haze (after sputtering) 04 28.0 — nd
(surface shape change) Evaluation ) A — nd
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TABLE 5-continued

Example Example Example Example Comparative
22 23 24 25 Example 2
Storage stability 0 hr/mPa - s 2830 2555 3245 4134 nd
24 hr/mPa - s 3787 4289 7400 200000 more nd
Increase rate (%) 24 hr 34 68 128 4738 more nd
Increase rate in non-complexation 128 86 — — —
case 24 hr (%)
Stabilization degree by complexation 3.8 1.3 — — —
Curability 87 86 91 93 70

[0357] As shown in Tables 3 to 5, the surface sealants of
Examples 11 to 23 exhibit good curability and a stabilization
degree by complexation of larger than 1. The surface sealants
are found to have high storage stability. More specifically, the
surface sealant of Example 25 in which a pure form (i.e.,
non-complexed) of tertiary amine was added, and the surface
sealant of Example 24 in which a tertiary amine and zinc
bis(2-ethylhexoate) are added separately (i.e., a complex is
not formed) show a slightly higher viscosity increase rate
after 24 hr; whereas the surface sealants of Examples 11 and
12 and 17 to 23 show a low viscosity increase rate after 24 hr.
From this, it is shown that the storage stability of a surface
sealant is improved by complexation of a tertiary amine. In
contrast, the surface sealant of Comparative Example 2 con-
taining no tertiary amine has low curability. Evaluation of the
cured material was not performed.

[0358] Of them, the cured materials of surface sealants of
Examples 11 to 16 and 18 to 20 have low haze after film
formation treatment. From this, it is found that good trans-
parency was maintained. This is considered that since the
surface curability of each of the cured materials of surface
sealants of Examples 11to 16 and 18 to 20 is high, an increase
of external haze, which is caused by roughening the film
surface, can be reduced.

[0359] 2. Evaluation of surface sealant according to
Embodiment 2

Examples 26 to 34, Comparative Examples 3 and 4

[0360] Ina flask purged with nitrogen, an epoxy resin (100
parts by weight) having a composition shown in Table 6, an
acid anhydride (85 parts by weight), a silane coupling agent
(4 parts by weight) and an amine compound (parts by weight
shown in Table 6) were mixed while stirring to obtain a
surface sealant.

[0361] The viscosity of each of the surface sealants
obtained in Examples 26 to 34 and Comparative Example 3
and 4 was measured by E-type viscometer (digital rheometer
model DII-III ULTRA, manufactured by BROOKFIELD) at
25° C. The measurement results are shown in Table 6.
[0362] The curability of each of the surface sealants
obtained in Examples 26 to 34 and Comparative Example 3
and 4 was evaluated by the following method. Each surface
sealant was sandwiched between two NaCl crystal plates
(thickness: 5 mm) to prepare a sample. Between the 2 NaCl
crystal plates (2 cm squares), the surface sealant was injected
so as to obtain an interval between the NaCl crystal plates of
15 um. This sample was treated with heat at 100° C. for 30

minutes and irradiated with infrared ray. Before and after the
heat treatment, an infrared transmission spectrum was mea-
sured by a FT-1R spectrometer. Based on the obtained spectra,
the height of the absorption peak (near 910 cm™') derived
from asymmetric ring stretching vibration of an epoxy group
was divided by the height of the absorption peak (near 1600
cm™) derived from endocyclic C—C stretching vibration of
an benzene ring and then standardized. Then, based on the
degree of reduction of the peak derived from an epoxy group
by the heat treatment, the ratio of the reacted epoxy groups
was calculated.

[0363] Assuming that the standardized value of the epoxy-
group peak (before the heat treatment) was represented by x1;
and the standardized value of the epoxy group peak (after the
heat treatment) by x2, a value calculated in accordance with
the equation {(x1-x2)/x1}x100(%) was defined as the epoxy
conversion rate. When the epoxy conversion rate is 80% or
more, evaluation of O was given.

[0364]

[0365] The surface sealants obtained in Examples 26 to 34
and Comparative Example 3 and 4 were each printed by a
screen printer (Screen Printer Model 2200, manufactured by
MITANI) to a glass substrate (7 cmx7 cmx0.7 mm-thickness)
previously washed by ozone treatment. The surface sealant
was applied such that a dry-state coating of 5 cmx5 cmx3
um-thickness was obtained. The printed glass substrate was
heated on a hot plate heated to 100° C. for 30 minutes to
obtain a cured material layer.

[0366] The haze value (%) of the cured material layer was
measured by a haze meter (name of model TC-H3DPK,
manufactured by Tokyo Denshoku Co., Ltd.). Thereafter, the
glass substrate having a cured material layer formed thereon
was set in a plasma treatment apparatus (name of model
PDC210, parallel flat-plate type, manufactured by Yamato
Scientific Co., Ltd.) and plasma treatment was carried out at
an oxygen flow rate of 20 mL./minute and an RF power of 500
W for 20 minutes. Then, the haze value (%) of the cured
material layer after the plasma treatment was measured by use
of'ahaze meter (name of model TC-H3DPK manufactured by
Tokyo Denshoku Co., Ltd.). The individual haze measure-
ment values are shown in Table 6.

[0367] As mentioned above, by treating a cured material of
the surface sealant with plasma and evaluating a change in
haze, whether a surface sealant is suitable for a method for
manufacturing an organic EL, device having a step of irradi-
ating plasma to a cured material of the surface sealant, can be
evaluated; at the same time, accelerated evaluation of weather
resistance can be made.

Preparation of Cured Material Layer
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TABLE 6
Number of
Molecular functional  Example Example Example Example Example Example
weight groups 26 27 28 29 30 31
Epoxy resin YL-983U 338 2 60 60 100 60 60 60
VG-3101L 592 3 40 40 40 40 40
Epoxy equivalent 0.5577 0.5577 0.5917 0.5577 0.5577 0.5577
Acid anhydride MH-700 85 85 85 85 85 85
Silane coupling KM-403 4 4 4 4 4 4
agent
Amine compound 1.2DMZ 108 2 3
1B2MZ 184 2 2.6 2.6
1B2PZ 234 2 3
IBMI12 138 2 2.1
3010 265 3 3
K-61B 409 3
2PAMZ 182 1
2E4AMZ 110 1
SA-810 318 1
Tertiary amino group equivalent 0.0556 0.0283 0.0283 0.0256 0.0304 0.0340
Equivalent ratio of tertiary amino group of amine 0.09961 0.05067 0.04776 0.04597 0.05457 0.06089
compound to epoxy group
Water content (mass ppm) 10 10 10 10 10
Physical properties Curability@100° C. o o o o o o
Viscosity (Pa - s) 3.795 3.442 0.468 4.430 3.360 6.15
Haze (before 0.1 0.1 0.1 0.2 0.1 0.1
plasma treatment)
Haze (after 12.9 6.8 0.2 12.7 6.6 19.8
plasma treatment)
Number of Comparative Comparative
Molecular functional Example Example Example Example Example
weight groups 32 33 34 3 4
Epoxy resin YL-983U 338 2 60 60 60 60 60
VG-3101L 592 3 40 40 40 40 40
Epoxy equivalent 0.5577 0.5577 0.5577 0.5577 0.5577
Acid anhydride MH-700 85 85 85 85 85
Silane coupling KM-403 4 4 4 4 4
agent
Amine compound 1.2DMZ 108 2
1B2MZ 184 2
1B2PZ 234 2 1
IBMI12 138 2
3010 265 3
K-61B 409 3 3
2P4MZ 182 1 3
2E4MZ 110 1 1.5 3
SA-810 318 1 3
Tertiary amino group equivalent 0.0220 0.0165 0.0136 0.0273 0.0094
Equivalent ratio of tertiary amino group of amine 0.03945 0.02955 0.02445 0.0489 0.01691
compound to epoxy group
Water content (mass ppm) 10 10 10 10 10
Physical properties Curability@100° C. o o o o o
Viscosity (Pa - s) 3.459 3.447 4.053 4.739 2.973
Haze (before 0.2 0.2 0.1 0 0.1
plasma treatment)
Haze (after 2.4 235 29 549 58.2
plasma treatment)
[0368] For every surface sealant prepared in Examples 26 [0370] The present application Claims a priority right

to 34 and Comparative Example 3 and 4, the haze of a cured
material layer before plasma treatment is sufficiently
reduced. In the surface sealants of Examples 26 to 34, haze
values of the cured material layers after plasma treatment are
reduced to less than 30%; whereas in the surface sealants of
Comparative Example 3 and 4, the haze value of a cured
material layer after plasma treatment exceeds 50%.

[0369] Particularly, with respect to the surface sealants of
Examples 26 to 32, haze values of the cured material layers
after plasma treatment are reduced to less than 20%. This
suggests that when the hydrogen atom bound to the 1-position
of an imidazole ring of a curing accelerator is replaced by
another substituent, a haze increase due to plasma can be
more effectively limited.

based on Japanese Patent Application No. 2011-139578 filed
Jun. 23, 2011 and Japanese Patent Application No. 2011-
154352 filed Jul. 12, 2011, the contents of which including
the specifications and drawings are incorporated by reference
in their entirety.

INDUSTRIAL APPLICABILITY

[0371] The surface sealant according to Embodiment 1 of
the present invention has good curability and excellent stor-
age stability. Thus, the manufacturing efficiency of an optical
semiconductor device can be enhanced. Furthermore, in an
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optical semiconductor device having an optical semiconduc-
tor the surface of which is sealed by the cured material layer
of the surface sealant according to Embodiment 2 of the
present invention, a haze increase of the cured material layer
is limited. Particularly, a haze increase of the cured material
layer treated with plasma is effectively limited. Accordingly,
even when an inorganic compound layer is formed by plasma
CVD on the cured material layer, the transparency of the
cured material layer can be maintained. Therefore, the optical
semiconductor device of the present invention, particularly an
organic EL device, is enhanced in light take-out efficiency.

REFERENCE SIGNS LIST

[0372] 20,20' Organic EL device

[0373] 22 Substrate

[0374] 24 Organic EL element

[0375] 26 Sealing board

[0376] 28 Surface sealing layer

[0377] 28-1 Cured material layer

[0378] 28-2 Passivation layer

[0379] 28-3 Second resin cured material layer
[0380] 30 Reflection pixel electrode layer
[0381] 32 Organic EL layer

[0382] 34 Transparent counter electrode layer

1. A surface sealant for an optical semiconductor, compris-
ing:

an epoxy resin (a) having two or more epoxy groups in a

molecule thereof; and
ametal complex (b1) which includes: at least one metal ion
selected from the group consisting of Zn, Bi, Ca, Al, Cd,
Laand Zr; a tertiary amine capable of forming a complex
with the metal ion and having no N—H bond; and an
anionic ligand having a molecular weight of 17 to 200,

wherein the surface sealant has a viscosity of 10 to 10000
mPa-s, as measured by E-type viscometer at 25° C. and
1.0 rpm.

2. The surface sealant for an optical semiconductor accord-
ing to claim 1, wherein a valence of the anionic ligand is
smaller than a valance of the metal ion, and

a radius of the anionic ligand is 2.0 A or more.

3. The surface sealant for an optical semiconductor accord-
ing to claim 1, wherein the tertiary amine is a compound
represented by any one of the following general formulas (1)

to (6):

where R, represents a C, _,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; and
R,, R; and R, each independently represent a hydrogen
group, a C,_,, aliphatic hydrocarbon group, a hydroxy
group, an aryl-containing group or a cyanoethyl group;
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@
RBI

)\ RB2
T
RB5 RB3

RB4

where RB1, RB3, RB4 and RBS5 each independently repre-
sent a hydrogen group, a C,_,, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group;

RB2 represents a C, _, , aliphatic hydrocarbon group which
may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and

aplurality of groups selected from RB1, RB2, RB3, RB4 and
RBS5 may be joined to each other to form an alicyclic ring, an
aromatic ring or a heterocyclic ring having a hetero atom
selected from oxygen, nitrogen and sulfur;

(©)]
RCI
RC2
NZ >x7
RCS RC3
RC4

where RC1, RC3, RC4 and RCS5 each independently repre-
sent a hydrogen group, a C,_;, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group;

RC2 represents a C, _, , aliphatic hydrocarbon group which
may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and

a plurality of groups selected from RC1, RC2, RC3, RC4
and RC5 may be joined to each other to form an alicyclic
ring, an aromatic ring or a heterocyclic ring having a
hetero atom selected from oxygen, nitrogen and sulfur;

)
RES N REI
"]
e Y RE2
RE3

where RE1, RE2, RE3, RE4 and RES each independently
represent a hydrogen group, a C,_,, aliphatic hydrocarbon
group which may contain a hetero atom, a hydroxy group, an
aryl-containing group or a cyanoethyl group; and
a plurality of groups selected from RE1, RE2, RE3, RE4
and RE5 may be joined to each other to form an alicyclic
ring, an aromatic ring or a heterocyclic ring having a
hetero atom selected from oxygen, nitrogen and sulfur;
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SURFACE SEALANT FOR OPTICAL
SEMICONDUCTOR, METHOD FOR
MANUFACTURING ORGANIC EL DEVICE,
ORGANIC EL DEVICE AND ORGANIC EL
DISPLAY PANEL USING THE SAME

TECHNICAL FIELD

[0001] The present invention relates to a surface sealant for
an optical semiconductor, a method for manufacturing an
organic EL device, an organic EL device and an organic EL,
display panel using the same.

BACKGROUND ART

[0002] Organic EL elements are optical semiconductor
devices which have been increasingly used as backlights in
liquid crystal displays and self-luminous thin flat-panel dis-
play devices. However, the organic EL elements are much
more likely to be deteriorated when exposed to moisture and
oxygen. More specifically, the metal electrode and organic
EL layer separate from each other at their interface by the
impact of moisture; metal is oxidized to cause an increase in
resistance; the property of light-emitting materials contained
in the light-emitting layer of the organic EL element is altered
by moisture; and so forth. For these reasons, organic EL
elements have the drawbacks of the loss of luminescence
and/or reduced luminance. Moreover, in optical semiconduc-
tors such as inorganic LEDs, electric circuits and/or the like
connected to optical semiconductors may sometimes deterio-
rate when they are exposed to moisture and others.

[0003] In an effort to solve the foregoing drawbacks,
numerous methods have been proposed for protecting optical
semiconductors such as organic EL elements from moisture
and oxygen. One method involves laminating an organic EL,
sealant layer, which contains (A) a compound having a gly-
cidyl group and (B) an acid anhydride curing agent as main
components, onto an organic EL element (for surface sealing)
and then attaching glass or film (see, e.g, Patent Literature 1).
[0004] Due to its susceptibility to degradation by moisture
and/or oxygen, the organic EL element is often sealed with a
laminate film formed of a resin layer made of resin and an
inorganic compound layer made of inorganic compound.
There are two types of methods for sealing an organic EL
element with a laminate film: 1) an organic EL. element is
covered with an inorganic compound layer and thereafter
further with a resin layer, and 2) an organic EL element is
covered with a resin layer and thereafter further with an
inorganic compound layer (see Patent Literature 2).

[0005] As sealants for photosensors, LEDs and/or other
devices, epoxy resin compositions have been proposed that
contain a compound represented by Zn (C,H,,,,,C0O0O), and
an imidazole compound serving as a curing accelerator (see,
e.g., Patent Literature 3). Further, as powder coating materi-
als, compositions containing a metal complex have been pro-
posed wherein an amine compound and a carboxylate are
coordinated with a metal ion such as a zinc ion (see, e.g.,
Patent Literature 4).

CITATION LIST

Patent Literature

[0006] PTL1
[0007] Japanese Patent Application Laid-Open No. 2006-
70221
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[0008] PTL2
[0009] Japanese Patent Application Laid-Open No. 2009-
252364
[0010] PTL3
[0011] Japanese Patent Application Laid-Open No.
10-45879
[0012] PTL4
[0013] WO2006/022899
SUMMARY OF INVENTION
Technical Problem
[0014] Whenthe viscosity ofa surface sealant for an optical

semiconductor greatly varies under storage conditions, the
sealing conditions of the optical semiconductor must be con-
trolled in accordance with a viscosity change of the surface
sealant. As a result, the manufacturing efficiency of an optical
semiconductor device disadvantageously decreases. Con-
versely, when the storage stability of the surface sealant is
improved, the surface sealant tends to be not easily cured
upon sealing of the optical semiconductor. As a result, curing
time increases, thereby reducing the manufacturing effi-
ciency of the optical semiconductor device.

[0015] Inthe case where an optical semiconductor, particu-
larly a light-emitting optical semiconductor such as an
organic EL device is used as a portable electronic device or
lighting equipment, since it is exposed to sunlight for a long
time, it must have weather resistance. Particularly, when a
cured material of the surface sealant for an organic EL ele-
ment is discolored by exposure to e.g., sunlight, reduction in
the out-coupling efficiency and design quility has been the
problem in the case of a top emission organic EL device. In
the case of a back emission organic EL device, deterioration
in design quality has been problematic.

[0016] On the other hand, the compositions disclosed in
Patent Literature 3 are not always sufficient in curability.
Furthermore, in the compositions disclosed in Patent Litera-
ture 4, storage stability can be relatively improved; however,
viscosity is presumably high. Accordingly, the composition
seems to be inappropriate as a sealant.

[0017] The present invention has been made in view of the
aforementioned circumstances. A first object of the present
invention is to provide a resin composition for sealing an
optical semiconductor, which is a raw material for a sealing
resin layer having good curability and excellent storage sta-
bility; preferably a raw material for a sealing resin layer
further having excellent weather resistance. A second object
of the present invention is to provide a resin composition for
sealing an optical semiconductor, which is a raw material for
a sealing resin layer having excellent weather resistance.

Solution to Problem

[0018] A first aspect of the present invention relates to a
surface sealant for an optical semiconductor as described
below.

[0019] [1] A surface sealant for an optical semiconductor,
comprising;
[0020] anepoxy resin (a) having two or more epoxy groups

in a molecule thereof; and

[0021] a metal complex (b1) which includes: at least one
metal ion selected from the group consisting of Zn, Bi, Ca, Al,
Cd, La and Zr; a tertiary amine capable of forming a complex
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(5)
RF7
RF6 N REI
=z
RF5 N RF2
RF4  RE3

where RF1, RF2, RF3, RF4, RF5, RF6 and RF7 each inde-
pendently represent a hydrogen group, a C,_;, aliphatic
hydrocarbon group which may contain a hetero atom, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; and
a plurality of groups selected from RF1, RF2, RF3, RF4,
RFS5, RF6 and RF7 may be joined to each other to form
an alicyclic ring, an aromatic ring or a heterocyclic ring
having a hetero atom selected from oxygen, nitrogen and
sulfur; and

RG4 N RGI
LXK
X

RG3 N RG2
where RG1, RG2, RG3 and RG4 each independently repre-
sent a hydrogen group, a C,_;, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and

a plurality of groups selected from RG1, RG2, RG3 and

RG4 may be joined to each other to form an alicyclic
ring, an aromatic ring or a heterocyclic ring having a
hetero atom selected from oxygen, nitrogen and sulfur.

4. The surface sealant for an optical semiconductor accord-
ing to claim 2, wherein the anionic ligand has two or more
atoms selected from the group consisting of O, S and P which
are capable of binding to the metal ion, the anionic ligand
being capable of coordinating with the metal ion to form a 3-
to 7-membered ring.

5. The surface sealant for an optical semiconductor accord-
ing to claim 3, wherein the tertiary amine is a compound
represented by any one of the general formulas (1) to (3) and
the anionic ligand is a carboxylate compound represented by
the following general formula (7A):

©®

74
RDI

O/

RD;KO

where RD1 is free or a hydrogen atom and

RD2 is a hydrogen group, a C, _;, hydrocarbon group or a

hydroxy group.

6. The surface sealant for an optical semiconductor accord-
ing to claim 1, wherein among chemical shift peaks in
'HNMR spectroscopy (in CDCl,, 25° C., 270 MHz) of the
surface sealant, chemical shift peaks of the tertiary amine
include a peak which is shifted by 0.05 ppm or more relative
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to a chemical shift peak in "HNMR spectroscopy (in CDCl,,
25° C., 270 MHz) of the tertiary amine alone.

7. The surface sealant for an optical semiconductor accord-
ing to claim 1, wherein a molar ratio of the tertiary amine to
the metal ion is 0.5 to 6.0.

8. The surface sealant for an optical semiconductor accord-
ing to claim 5, wherein the carboxylate compound is at least
one compound selected from the group consisting of 2-eth-
ylhexanoic acid, formic acid, acetic acid, butanoic acid,
2-ethylbutanoic acid, 2,2-dimethylbutanoic acid, 3-meth-
ylbutanoic acid, 2,2-dimethylpropanoic acid, benzoic acid
and naphthenic acid.

9. The surface sealant for an optical semiconductor accord-
ing to claim 1, wherein the tertiary amine is at least one
compound selected from the group consisting of 1,8-diazo-
bicyclo[5,4,0]lundec-7-ene, 1-methylimidazole, 1,2-dimeth-
ylimidazole, 1-benzyl-2-methylimidazole, 1-isobutyl-2-me-
thylimidazole, 1-butylimidazole and 1,5-diazobicyclo[4,3,0]
non-5-en.

10. A surface sealant for an optical semiconductor, com-
prising:

an epoxy resin (a) having two or more epoxy groups in a

molecule thereof;

and a curing accelerator (b2) represented by the following

general formula (11) or (12),

wherein the surface sealant has a viscosity of 10 to 10000

mPa-s, as measured by E-type viscometer at 25° C. and

1.0 rpm,
(1
Ry
Rl\N)\N
Ry - Rz

where R, R,, R; and R, each independently represent a
hydrogen group, a C,_,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; with the proviso that when R, is ahydrogen group, one
or both of R, and R, are aryl groups;

(12)

RAZ

RA;

where RA,, RA,, RA; and RA, each independently represent
a hydrogen group, a C,_,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a dimethylami-
nomethyl group; with the proviso that one or more groups of
RA|, RA,, RA; and RA, are dimethylaminomethyl groups.
11. The surface sealant for an optical semiconductor
according to claim 10, wherein, in the general formula (11),
R, represents a C,_, , aliphatic hydrocarbon group, a hydroxy
group, an aryl-containing group or a cyanoethyl group.
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12. The surface sealant for an optical semiconductor
according to claim 1, wherein the surface sealant for an opti-
cal semiconductor includes the metal complex (b1) so that an
equivalent ratio of a tertiary amine active functional group to
an epoxy group is in the range of 0.008 to 0.3.

13. The surface sealant for an optical semiconductor
according to claim 10, wherein the surface sealant for an
optical semiconductor includes the curing accelerator (b2) so
that an equivalent ratio of a tertiary amine active functional
group to an epoxy group is in the range of 0.008 to 0.152.

14. The surface sealant for an optical semiconductor
according to claim 10, further comprising an acid anhydride
so that an equivalent ratio of an acid anhydride group to an
epoxy group is in the range of 0.8 to 1.2

15. The surface sealant for an optical semiconductor
according to claim 10, wherein the surface sealant has a water
content of 0.1 wt % or less.

16. The surface sealant for an optical semiconductor
according to claim 10, wherein the surface sealant is a surface
sealant for an organic EL element.

17. A method for manufacturing an organic EL device,
comprising:

afirst step of forming an organic EL element on a substrate;

a second step of covering the organic EL element with the
surface sealant according to claim 10;

a third step of sealing a surface of the organic EL element
with a cured material of the surface sealant; and

a fourth step of forming a passivation film on the cured
material sealing the surface of the organic EL element.

18. An organic EL device comprising:

an organic EL element;

a cured material layer formed of the cured material of the
surface sealant according to claim 10, the cured material
layer sealing a surface of the organic EL element while
being in contact with the organic EL element; and

apassivation layer in contact with the cured material layer.

19. An organic EL device comprising:

an organic EL element;

acured material layer that seals a surface of the organic EL.
element and is formed of an epoxy resin composition, a
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spectrum of X-ray photoelectron spectroscopy (XPS) of
the epoxy resin composition includes a peak derived
from at least one metal atom selected from the group
consisting of Zn, Bi, Ca, Al, Cd, La and Zr and a peak
derived from a nitrogen atom, with a molar ratio of the
metal atom to the nitrogen atom being 1:0.5 to 1:6.0, the
cured material layer containing the metal atom in an
amount of 0.5 to 15 mass %; and

a passivation layer in contact with the cured material layer.

20. An organic EL display panel including the organic EL
device according to claim 18.

21. The surface sealant for an optical semiconductor
according to claim 1, further comprising an acid anhydride so
that an equivalent ratio of an acid anhydride group to an epoxy
group is in the range 0f 0.8 to 1.2

22. The surface sealant for an optical semiconductor
according to claim 1, wherein the surface sealant has a water
content of 0.1 wt % or less.

23. The surface sealant for an optical semiconductor
according to claim 1, wherein the surface sealant is a surface
sealant for an organic EL element.

24. A method for manufacturing an organic ELL device,
comprising;

a first step of forming an organic EL element on a substrate;

a second step of covering the organic EL element with the
surface sealant according to claim 1;

a third step of sealing a surface of the organic EL element
with a cured material of the surface sealant; and

a fourth step of forming a passivation film on the cured
material sealing the surface of the organic EL element.

25. An organic EL device comprising:

an organic EL element;

a cured material layer formed of the cured material of the
surface sealant according to claim 1, the cured material
layer sealing a surface of the organic EL element while
being in contact with the organic EL element; and

a passivation layer in contact with the cured material layer.

* #* #* ok %
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with the metal ion and having no N—H bond; and an anionic
ligand having a molecular weight of 17 to 200,

[0022] wherein the surface sealant has a viscosity of 10 to
10000 mPa-s, as measured by E-type viscometer at 25° C. and
1.0 rpm,

[0023] [2] The surface sealant for an optical semiconductor
according to [1], wherein the valence of the anionic ligand is
smaller than the valance of the metal ion and the radius of the
anionic ligand is 2.0 A or more.

[0024] [3] The surface sealant for an optical semiconductor
according to [1] or [2], wherein the tertiary amine is a com-
pound represented by any one of the following general for-
mulas (1) to (6):

[Formula 1]

Ry
Ry )\
ST Ny

Ry Rz

where R, represents a C, _,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; and R,, R; and R, each independently represent a
hydrogen group, a C, ., aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group;

[Formula 2]

(2)
RBI
RB2
N N~

RBSJ\H\ RB3
RB4

where RB1, RB3, RB4 and RBS5 each independently repre-
sent a hydrogen group, a C,_,, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; RB2 represents a
C, ., aliphatic hydrocarbon group which may contain a het-
ero atom, a hydroxy group, an aryl-containing group or a
cyanoethyl group; and a plurality of groups selected from
RB1,RB2,RB3, RB4 and RB5 may be joined to each other to
form an alicyclic ring, an aromatic ring or a heterocyclic ring
having a hetero atom selected from oxygen, nitrogen and
sulfur;

[Formula 3]
3)
RCI
RC2
NN
RC5 RC3
RC4
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where RC1, RC3, RC4 and RCS5 each independently repre-
sent a hydrogen group, a C,_;, aliphatic hydrocarbon group
which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; RC2 represents a
C,_,, aliphatic hydrocarbon group which may contain a het-
ero atom, a hydroxy group, an aryl-containing group or a
cyanoethyl group; and a plurality of groups selected from
RC1,RC2,RC3, RC4 and RC5 may be joined to each other to
form an alicyclic ring, an aromatic ring or a heterocyclic ring
having a hetero atom selected from oxygen, nitrogen and
sulfur;

[Formula 4]
@
RES N. REI
=z
RE4 N RE2
RE3

where RE1, RE2, RE3, RE4 and RES each independently
represent a hydrogen group, a C,_,, aliphatic hydrocarbon
group which may contain a hetero atom, a hydroxy group, an
aryl-containing group or a cyanoethyl group; and a plurality
of groups selected from RE1, RE2, RE3, RE4 and RES may
be joined to each other to form an alicyclic ring, an aromatic
ring or a heterocyclic ring having a hetero atom selected from
oxygen, nitrogen and sulfur;

[Formula 5]
®)
RF7
RF6 N RF1
/
RF5 N RF2
RF4 REF3

where RF1, RF2, RF3, RF4, RF5, RF6 and RF7 each inde-
pendently represent a hydrogen group, a C,_,, aliphatic
hydrocarbon group which may contain a hetero atom, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; and a plurality of groups selected from RF1, RF2,
RF3, RF4, RF5, RF6 and RF7 may be joined to each other to
form an alicyclic ring, an aromatic ring or a heterocyclic ring
having a hetero atom selected from oxygen, nitrogen and
sulfur; and

[Formula 6]
RG4 N RGI
:/E I
X
RG3 N RG2
where RG1, RG2, RG3 and RG4 each independently repre-
sent a hydrogen group, a C,_;, aliphatic hydrocarbon group

©
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which may contain a hetero atom, a hydroxy group, an aryl-
containing group or a cyanoethyl group; and a plurality of
groups selected from RG1, RG2, RG3 and RG4 may be
joined to each other to form an alicyclic ring, an aromatic ring
or a heterocyclic ring having a hetero atom selected from
oxygen, nitrogen and sulfur.

[0025] [4] The surface sealant for an optical semiconductor
according to any one of [1] to [3], wherein the anionic ligand
has two or more atoms selected from the group consisting of
O, S and P which are capable of binding to the metal ion, the
anionic ligand being capable of coordinating with the metal
ion to form a 3- to 7-membered ring.

[0026] [5] The surface sealant for an optical semiconductor
according to [3], wherein the tertiary amine is a compound
represented by any one of the above general formulas (1) to
(3) and the anionic ligand is a carboxylate compound repre-
sented by the following general formula (7A):

[Formula 7]
(74)

where RD1 is free or ahydrogen atom and RD2 is a hydrogen
group, a C,_,, hydrocarbon group or a hydroxy group.

[0027] [6] The surface sealant for an optical semiconductor
according to any one of [1] to [5], wherein among chemical
shift peaks in "HNMR spectroscopy (in CDCl,, 25° C., 270
MHz) of the surface sealant, chemical shift peaks of the
tertiary amine include a peak which is shifted by 0.05 ppm or
more relative to a chemical shift peak in "HNMR spectros-
copy (in CDCly, 25° C., 270 MHz) of the tertiary amine alone.

[0028] [7] The surface sealant for an optical semiconductor
according to any one of [1] to [6], wherein the molar ratio of
the tertiary amine to the metal ion is 0.5 to 6.0.

[0029] [8] The surface sealant for an optical semiconductor
according to [5], wherein the carboxylate compound is at
least one compound selected from the group consisting of
2-ethylhexanoic acid, formic acid, acetic acid, butanoic acid,
2-ethylbutanoic acid, 2,2-dimethylbutanoic acid, 3-meth-
ylbutanoic acid, 2,2-dimethylpropanoic acid, benzoic acid
and naphthenic acid.

[0030] [9] The surface sealant for an optical semiconductor
according to any one of [1] to [8], wherein the tertiary amine
is at least one compound selected from the group consisting of
1,8-diazobicyclo[5,4,0lundec-7-ene, 1-methylimidazole,
1,2-dimethylimidazole, 1-benzyl-2-methylimidazole,
1-isobutyl-2-methylimidazole, 1-butylimidazole and 1,5-
diazobicyclo[4,3,0]non-5-en.

[0031] A second aspect of the present invention relates to a
surface sealant for an optical semiconductor as described
below.

[0032] [10] A surface sealant for an optical semiconductor,
comprising:
[0033] anepoxy resin (a) having two or more epoxy groups

in a molecule thereof;

[0034] and a curing accelerator (b2) represented by the
following general formula (11) or (12),
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[0035] wherein the surface sealant has a viscosity of 10 to
10000 mPa-s, as measured by E-type viscometer at 25° C. and
1.0 rpm,

[Formula 8]
R
Ry )\
SN Ny

R4 Rs

(I

where R, R,, R; and R, each independently represent a
hydrogen group, a C,_,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group; with the proviso that when R, is ahydrogen group, one
or both of R, and R, are aryl groups;

[Formula 9]

(12)
RA,

RA3

where RA |, RA,, RA; and RA, each independently represent
a hydrogen group, a C,_,- aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a dimethylami-
nomethyl group; with the proviso that one or more groups of
RA,, RA,, RA, and RA, are dimethylaminomethyl groups.
[0036] [11] The surface sealant for an optical semiconduc-
tor according to [10], wherein, in the above general formula
(11), R, represents a C,_,, aliphatic hydrocarbon group, a
hydroxy group, an aryl-containing group or a cyanoethyl
group.

[0037] [12] The surface sealant for an optical semiconduc-
tor according to any one of [1] to [9], wherein the surface
sealant for an optical semiconductor contains the metal com-
plex (b1) so that the equivalent ratio of a tertiary amine active
functional group to an epoxy group is in the range of 0.008 to
0.3.

[0038] [13] The surface sealant for an optical semiconduc-
tor according to [10] or [11], wherein the surface sealant for
an optical semiconductor contains the curing accelerator (b2)
so that the equivalent ratio of a tertiary amine active func-
tional group to an epoxy group is in the range of 0.008 to
0.152.

[0039] [14] The surface sealant for an optical semiconduc-
tor according to any one of [1] to [13], wherein the surface
sealant for an optical semiconductor further contains an acid
anhydride so that the equivalent ratio of an acid anhydride
group to an epoxy group is in the range of 0.8 to 1.2.

[0040] [15] The surface sealant for an optical semiconduc-
tor according to any one of [1] to [14], wherein the surface
sealant has a water content of 0.1 wt % or less.
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[0041] [16] The surface sealant for an optical semiconduc-
tor according to any one of [1] to [1,5], wherein the surface
sealant is a surface sealant for an organic EL element.
[0042] A third aspect of the present invention relates to a
method for manufacturing an organic EL device as described
below.

[0043] [17] A method for manufacturing an organic EL
device, including:

[0044] a first step of forming an organic EL element on a
substrate;
[0045] a second step of covering the organic EL element

with the surface sealant according to Claim 1 or 10;

[0046] a third step of sealing a surface of the organic EL
element with a cured material of the surface sealant; and
[0047] a fourth step of forming a passivation film on the
cured material sealing the surface of the organic EL element.

[0048] [18] An organic EL device including:
[0049] an organic EL element;
[0050] a cured material layer formed of the cured material

of the surface sealant according to any one of [1] to [16], the
cured material layer sealing a surface of the organic EL ele-
ment while being in contact with the organic EL element; and

[0051] apassivationlayer in contact with the cured material
layer.

[0052] [19] An organic EL device including:

[0053] an organic EL element;

[0054] a cured material layer that seals a surface of the

organic EL element and is formed of an epoxy resin compo-
sition, a spectrum of X-ray photoelectron spectroscopy
(XPS) ofthe epoxy resin composition includes a peak derived
from at least one metal atom selected from the group consist-
ing of Zn, Bi, Ca, Al, Cd, La and Zr and a peak derived from
a nitrogen atom, with a molar ratio of the metal atom to the
nitrogen atom being 1:0.5 to 1:6.0, the cured material layer
containing the metal atom in an amount of 0.5 to 15 mass %;
and

[0055] apassivationlayer in contact with the cured material
layer.
[0056] [20] An organic EL display panel including the

organic EL device according to [18] or [19].

Advantageous Effects of Invention

[0057] The surface sealant of Embodiment 1 of the present
invention has good curability and excellent storage stability.
Thus, the sealing conditions of an optical semiconductor such
as an organic EL element can be kept constant to some extent,
and therefore the manufacturing efficiency of an optical semi-
conductor can be enhanced. Furthermore, use of the surface
sealant of Embodiment 2 of the present invention enhances
the light resistance of a sealing film of an optical semicon-
ductor. For example, transparency thereof can be maintained.
Thus, light emitted from an optical semiconductor such as an
organic EL element can be highly efficiently out-coupled and
the quality of design can be maintained as well. Furthermore,
light that enters the optical semiconductor can be taken in the
optical semiconductor without greatly being attenuated.
Thus, particularly, improvement of brightness of an organic
EL element can be realized.

BRIEF DESCRIPTION OF DRAWINGS

[0058] FIGS. 1A and 1B schematically show a section of a
surface-sealed organic EL device; and

[0059] FIGS. 2A to 2E show a process for manufacturing a
surface-sealed organic EL device.
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DESCRIPTION OF EMBODIMENTS

[0060] 1. Epoxy Resin Composition

[0061] The epoxy resin composition of the present inven-
tion contains an epoxy resin (a) and an amine compound (b);
and can further contain an acid anhydride (c) and other com-
ponents. The epoxy resin composition of the present inven-
tion can be used, for example, as a surface sealant or trans-
parent filler, preferably, as a surface sealant. The transparent
filler refers to a material required to be transparent for filling
a gap between a substrate such as a touch panel and an image
display apparatus such as a liquid crystal panel. Hereinafter,
an example will be described where the epoxy resin compo-
sition of the present invention is used as a surface sealant. The
surface sealants of the present invention include surface seal-
ants of Embodiments 1 and 2 later described.

[0062] Epoxy Resin (a)

[0063] The epoxy resin (a) contained in the surface sealant
of the present invention is not limited in molecular weight
and/or the like as long as it is an epoxy resin having two or
more epoxy groups in a molecule thereof; epoxy resins with
and without molecular weight distribution can be both used.
[0064] Examples of the epoxy resin having two epoxy
groups in a molecule thereof include hydroquinone digly-
cidyl ether, resorcinol diglycidyl ether, ethylene glycol dig-
lycidyl ether, polyethylene glycol diglycidyl ether, 1,4-bu-
tanediol diglycidyl ether, 1,6-hexanediol diglycidyl ether,
cyclohexanediol diglycidyl ether, cyclohexanedimethanol
diglycidyl ether, dicyclopentadienediol diglycidyl ether, 1,6-
naphthalenediol diglycidyl ether, bisphenol A diglycidyl
ether, bisphenol F diglycidyl ether, hydrogenated bisphenol A
diglycidyl ether and hydrogenated bisphenol F diglycidyl
ether.

[0065] Examples of an epoxy resin compound having three
or more epoxy groups in a molecule thereof include trimethy-
lolpropane triglycidyl ether, pentaerythritol tetraglycidyl
ether, phenol novolac epoxy, and cresol novolac epoxy.
[0066] Furthermore, the epoxy resin may contain a poly-
mer or oligomer having an epoxy group. The polymer or
oligomer having an epoxy group is not particularly limited; it
can be obtained by polymerizing e.g., a vinyl monomer hav-
ing an epoxy group. Preferable examples of the vinyl mono-
mer having an epoxy group include (meth)acrylate mono-
mers such as  glycidyl (meth)acrylate, 3,4-
epoxycyclohexylmethyl (meth)acrylate, and methylglycidyl
(meth)acrylate.

[0067] The epoxy resin may be a copolymer or cooligomer
of a vinyl monomer having an epoxy group and e.g., another
vinyl monomer. Examples of the other vinyl monomer
include (meth)acrylates. The ester group of the (meth)acry-
lates is preferably a linear or branched nonfunctional alkyl
such as methyl group, ethyl group, isopropyl group, normal
butyl group, isobutyl group, tertiary butyl group, 2-ethylhexyl
group, cyclohexyl group, benzyl group, isobornyl group, lau-
ryl group, or myristyl group. Furthermore, the epoxy resin
may be a copolymer of a vinyl monomer having an epoxy
group and e.g., styrene, o.-methylstyrene, vinyl acetate and/or
other monomers.

[0068] Preferable specific examples of epoxy resin (a) con-
tained in the surface sealant of the present invention include
tetrafunctional naphthalene epoxy resin (a-a), triphenyl-
methane epoxy resin (a-b), dicyclopentadiene epoxy resin
(a-c), ortho cresol novolac epoxy resin (a-d), phenol novolac
epoxy resin (a-e), fluorene epoxy resin (a-f), and bisphenol
trifunctional epoxy resin (a-g). The structural formula of an
example of each epoxy resin is shown below.
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5
[Formula 10]
[0069] An example of tetrafunctional naphthalene epoxy
resin (a-a)
H,C—CH——CH,—O O—CH,— CH—CH,
\/ | \
X
CH,
N
/
H,C—CH—CH,—O AN O—CHZ—CH—\CHZ
An example of triphenylmethane epoxy resin (a-b)
H, / \ H, H,
0—C CCHZOC cc2 ——C—CH2
N
- —CH —CH
A
C ]
O
/N H A \ H, / >
H,C—C—0 -0 H,C—C—0 —
H H
wherein n represents an integer.
[Formula 12]
[0070] An example of dicyclopentadiene epoxy resin (a-c)
=t H,C—C—CH H C &—cn
HZC—C—CHZ 2 _C_ 2 2 _C_ 2

l o

ST

wherein m represents an integer, and each R independently
represents a C,_salkyl group.

[Formula 13]

[0071] An example of ortho-cresol novolac epoxy resin
(a-d)

_CH,~CH— CH2 _CH,— CH CH2 _CH- CH CH2
\
d{u C{)a i\j{)a o

wherein n represents an integer, and each R independently
represents a C,_s alkyl group.
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[Formula 14]
[0072] An example of phenol novolac epoxy resin (a-e)

H
H,C—C—CH,

fo) O
H | N
/
CH,
/ | H,
T ¢
AN
— —n
O

H
H,C—C—CH,
\/

wherein n represents an integer.

[Formula 15]
[0073]

An example of fluorene epoxy resin (a-f)

wherein each R, independently represents a hydrogen atom
or a methyl group; each R, independently represents a hydro-
gen atom or a methyl group; each R, independently repre-
sents a C, salkyl group; n represents an integer of 0 to 3; m
represents an integer of 1 to 3; p represents an integer of 0 to
4; and q represents an integer of 0 to 4.

[Formula 16]

[0074] An example of bisphenol trifunctional epoxy resin
(a-g)

o]
o—2_/\
“ ]
\
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[0075] Since the epoxy resins (a-a) to (a-g) have a bulky
group (aryl group), the heat resistance of resin cured materials
containing these epoxy resins tends to increase. Furthermore,
not only transparency but also adhesiveness of the resin cured
materials containing these epoxy resins tends to increase.
Moreover, the viscosity of surface sealants containing these
epoxy resins tends can be easily controlled within a desired
range (10 to 10,000 mPa-s as measured by E-type viscometer
at25°C. and 1.0 rpm). Thus, the surface sealant of the present
invention is easily formed into a film by e.g., screen printing.
[0076] However, when resin cured materials containing
these epoxy resins having a bulky group are exposed to
plasma, haze easily increases as transparency decreases. In
contrast, in the surface sealant of the present invention for-
mulated with a specific amine compound (b2), a reduction of
transparency and an increase of haze of its resin cured mate-
rial are limited

[0077] Inorder to easily control the viscosity of the surface
sealant of the present invention to fall within the range later
described, it is preferable to add at least low molecular weight
epoxy resin (a-1) as epoxy resin (a). Furthermore, when nec-
essary, high molecular weight epoxy resin (a-2) can be further
added to the surface sealant of the present invention to obtain
a molded article (e.g., sheet) for surface sealing.

[0078] Low molecular weight epoxy resin (a-1) is an epoxy
resin having a weight-average molecular weight of 200 to

800; and preferably, an epoxy resin having a weight average
molecular weight 0f300 to 700. The “weight average molecu-
lar weight (Mw)” is measured by gel permeation chromatog-
raphy (GPC) using polystyrene as a standard.

[0079] Examples of epoxy resin (a-1) include a bisphenol
epoxy compound, a phenol novolac epoxy compound, and a
cresol novolac epoxy compound. Examples of the bisphenol
epoxy compound include a compound represented by general
formula (X), and a preferable example includes a compound
represented by general formula (X').

[Formula 17]

&

R®Rpp Rp)p

&)

Rpp Rp
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[0080] In general formula (X), X represents a single bond,
a methylene group, an isopropylidene group, —S— or
—S0,—; plural R, each independently represent a C,_;
alkyl group; n represents an integer of 2 or more; and P
represents an integer of 0 to 4.

[0081] In an oligomer containing a phenol derivative and
epichlorohydrin as the monomer units, examples of the phe-
nol derivative include bisphenol, hydrogenated bisphenol,
phenol novolac, and cresol novolac.

[0082] Preferable examples of low molecular weight epoxy
resin (a-1) include an oligomer containing a bisphenol epoxy
compound or a bisphenol and epichlorohydrin as the mono-
mer units, and more preferable examples thereof include an
oligomer represented by the above-described general formula
(X) in which repeat number n is 2 to 4. Such an oligomer has
high affinity for high molecular weight epoxy resin (a-2),
which can be optionally formulated with the surface sealant
of the present invention when obtaining a molded article for
surface sealing later described. The repeat unit contained in
low molecular weight epoxy resin (a-1) may be the same or
different from that contained in high molecular weight epoxy
resin (a-2).

[0083] The epoxy equivalent of low molecular weight
epoxy resin (a-1) is preferably 100 to 800 g/eq.

[0084] Low molecular weight epoxy resin (a-1) contained
in the sealing composition of the present invention mainly
functions to enhance the flowability of a sealing sheet when it
is thermally pressure-bonded to an element, so as to increase
its adhesion to the element.

[0085] A molded article for surface sealing such as a sheet
can be obtained by using the surface sealant of the present
invention. The molded article for surface sealing may contain
either one or both of high molecular weight epoxy resin (a-2)
and low molecular weight epoxy resin (a-1).

[0086] Examples of high molecular weight epoxy resin
(a-2)include a resin or oligomer containing a phenol resin and
epichlorohydrin as the monomer units. High molecular
weight epoxy resin (a-2) is preferably such an oligomer. The
phenol resin includes a hydroxyaryl resin such as a naphthol
resin. The weight-average molecular weight (Mw) of high
molecular weight phenol epoxy resin (a-2) is 3x10° to 2x10%,
and preferably, 3x10° to 7x10°. The “weight average molecu-
lar weight (Mw)” is measured by gel permeation chromatog-
raphy (GPC) using polystyrene as a standard.

[0087] By use of epoxy resin (a-2) having a weight average
molecular weight (Mw) within the above numerical value
range, a molded article for surface sealing from which a
sealing film having strong adhesive force and low water vapor
permeability is produced can be obtained. Furthermore, a
surface sealant containing epoxy resin (a-2) having a weight
average molecular weight (Mw) within the above-described
numerical value range is easily applied and readily formed
into a sheet.

[0088] The weight average molecular weight (Mw) of
epoxy resin (a-2) is appropriately controlled so as not to be
excessively high. Because of this, a cured material (sealing
member) obtained by curing the surface sealant of the present
invention has low water vapor permeation and high adhesive
force.

[0089] Epoxy resin (a-2)is preferably an oligomer contain-
ing a phenol resin and epichlorohydrin as monomer compo-
nents. All of the monomer units of epoxy resin (a-2) may be
constituted of phenol resin and epichlorohydrin. Alterna-
tively, some of the monomer units may be constituted of a
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compound other than the phenol resin and epichlorohydrin
(i.e., include comonomer units). When the above comonomer
units are employed as some of the monomer units, the weight-
average molecular weight (Mw) of resultant epoxy resin (a-2)
is easily controlled to be a desired value. By appropriately
selecting monomer units of epoxy resin (a-2), smoothness of
the surface of a coating film formed of the sealing composi-
tion can be improved.

[0090] The epoxy equivalent of epoxy resin (a-2) is prefer-
ably 500 to 10000 g/eq.

[0091] In the epoxy resin contained in the molded article
for surface sealing of the present invention, the proportions of
high molecular weight epoxy resin (a-2) and low molecular
weight epoxy resin (a-1) are not particularly limited and the
composition is preferably controlled so as to realize a desired
viscosity. When the content of high molecular weight epoxy
resin (a-2) is excessively high, the water vapor permeability
of a cured material (sealing member) tends to increase. In
addition, the flowability thereof at the time of pressure-bond-
ing to e.g., an organic EL, element decreases, with the result
that a gap is easily formed between the sealing sheetand e.g.,
the organic EL element. In contrast, when the content of high
molecular weight epoxy resin (a-2) is excessively low, it may
reduce the handleability of the surface sealant.

[0092] Amine Compound (b)

[0093] Amine compound (b) contained in the surface seal-
ant of the present invention can be tertiary amine metal com-
plex (bl) or specific amine compound (b2). These amine
compounds (b) are capable of functioning as a curing accel-
erator.

[0094] More specifically, the surface sealant according to
Embodiment 1 of the present invention contains tertiary
amine metal complex (b1). Tertiary amine metal complex
(b1) contains a metal ion, a tertiary amine coordinated with
the metal ion, and an anionic ligand coordinated with or
ion-bound to the metal ion.

[0095] The metal ion in the metal complex (b1) may be a
metal ion selected from the group consisting of Zn, Bi, Ca, Al,
Cd, La and Zr. From the perspective of improving transpar-
ency of the surface sealant, Zn is preferable. Furthermore,
when metal complex (b1) contains two or more metal ions, it
suffices when at least one of the metal ions is a metal ion
selected from Zn, Bi, Ca, Al, Cd, La and Zr.

[0096] Thetertiary amine in metal complex (b1) preferably
is capable of forming a complex with a metal ion and has no
N—H bond, in order to reduce the reactivity of the tertiary
amine under storage conditions. Furthermore, the molecular
weight of the tertiary amine in metal complex (b1) is prefer-
ably 65 to 300. When the molecular weight of the tertiary
amine is excessively large, the solubility of metal complex
(b1) in the surface sealant decreases and/or catalyst activity
reduces.

[0097] The tertiary amine in metal complex (bl) is prefer-
ably any one of the compounds represented by the following
general formulas (1) to (6). It is conceivable that each of these
compounds is likely to stably form a complex with a metal ion
since electron clouds in the conjugated system localize on the
nitrogen atom in the ring. Furthermore, as described later, the
cured material layer of a surface sealant containing any one of
these compounds does not easily lose transparency and there-
fore does not easily cause an increase in haze even when
treated with plasma, exhibiting good plasma resistance and
weather resistance.
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